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ABSTRACT

These studies were undertaken to investigate the psychological and psychophysical factors that 
mediate spatial orientation/disorientation in both healthy and patient populations.

PERCEPTION OF ANGULAR VELOCITY: Using a new method of examining perception of 
rotation this study found a similarity between the sensation and ocular responses following 
velocity step stimuli. Both decayed exponentially with a time constant of circa 15 seconds 
following rotation in yaw; circa 7 seconds following rotation in roll. Both the ocular and sensation 
responses were significantly reduced following repeated vestibular and optokinetic stimulation. 
The test was conducted with patients suffering from congenital nystagmus, ophthalmoplegia or 
cerebellar lesions, all of whom had markedly reduced post-rotational sensation responses of 
approximately 7 to 9 seconds.

ADAPTATION TO OSCILLOPSIA: Labyrinthine defective subjects were found to prefer less self- 
motion when viewing a moving video-image than either ophthalmoplegia subjects or normal 
controls. The results suggest that adaptation to oscillopsia may be related to an active approach 
to recovery (i.e. high external locus of control) and also to increased tolerance to retinal slip. This 
serves to illustrate the coactive role of psychological and psychophysical mechanisms in 
adaptation to vestibular disorders.

INVESTIGATION OF PSYCHOLOGICAL AND PSYCHOSOCIAL FACTORS: This questionnaire- 
based study aimed to examine adjustment to illness in patients with balance disorders and with 
congenital nystagmus. The study identified a greater use of emotion-focused coping strategies 
than problem-focused strategies. It highlighted the prevalence of anxiety and depression among 
these patients and pointed towards several psychosocial variables (locus of control, self-esteem 
and social support) that play a significant role in the coping behaviour of these patients.

MENSTRUATION, MIGRAINE AND MOTION SICKNESS: The relationship between hormonal 
cycles and migraine and motion sickness is poorly understood. The study demonstrated that 
motion sickness and headache occurred independently although exposure to rough seas could 
be a specific migraine trigger in certain individuals who did not otherwise suffer attacks. Female 
subjects were more prone to motion sickness around the period of menstruation and less so 
around ovulation.
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Chapter One

GENERAL INTRODUCTION

Man has developed a complex balance mechanism that is so efficient it is given little thought until 

either something goes wrong with the system or the individual is exposed to an unusual motion 

environment. This system harnesses visual, vestibular and somatosensory information which is 

then utilised by centres in the central nervous system to allow not only the maintenance of 

equilibrium but also to ensure the stability of gaze. Central to the balance mechanism are the 

vestibular apparatuses, the end-organ of which has essentially remained unchanged since it 

developed in the modem fish a hundred million years ago (Gray 1955). However, through 

evolution Man has developed an increasingly sophisticated repertoire of somatic and oculomotor 

skills requiring the development of a complex central vestibular system. This is essential for 

"higher order” perceptual functions such as spatial orientation.

1.1 The vestibular system

Within the petrous portion of the temporal bone lies a series of hollow channels collectively 

known as the bony labyrinth. This structure contains perilymphatic fluid and encases an 

endolymph-filled membranous labyrinth. It is this membranous labyrinth which houses the two 

types of vestibular sensory receptors; the otolith organs (consisting of the utricle and saccule) 

which detect linear motion, and the semicircular canals. The three ipsilateral semicircular canals 

are approximately perpendicular to one another, with the exception of the angle formed between 

the anterior and horizontal canals which has a slightly larger mean angle of 111 deg (Blanks et al 

1975). This allows detection of angular acceleration about any spatial axis (figure 1.1). One end 

of each semicircular canal dilates into a structure known as an ampulla and it is within here that 

the sensory receptor area, known as the crista, lies. The crista consists of a crest of sensory 

epithelium covered with a bulbous gelatinous mass (known as the cupula) which extends to the 

ceiling of the ampulla and seals the canal. The cross-sectional diameter of the canal is small
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CHAPTER ONE: GENERAL INTRODUCTION

(0.4mm) which ensures that the endolymphatic fluid only moves longitudinally along the channel. 

The endolymph is not coupled and exhibits inertia - thus, during angular acceleration of the head 

it momentarily remains stationary in space and so will move with respect to the canal (figure 1.2). 

This movement is resisted by the cupula which is subsequently deflected activating the 

underlying cilia (hair cells) and beginning the process of transduction.

Figure 1.1: The orientation of the horizontal (HC), anterior (AC), and posterior (PC) semicircular canals. The plane of 
the canals allow them to sense yaw, pitch and roll rotations of the head. (From Baloh and Honmbia 1979).

Figure 1.2: The primary anatomical features of the semi-circular canal (A). As a consequence of endolymph flow the 
cupula is displaced (B). (From Honrubia and Hoffman 1993).

Thus movement of the cupula, or shearing of the otolith membrane, results in a bending of the 

sensory hairs. Each vestibular hair cell contains a single flexible kinocillium and between 60 to 

100 stiff sterocilla which are graded in ascending height toward the kinocillium. It is thought that 

the bending of the hair cells alters the electrical conductance of the cell through mechanical 

deformation of the hair-bearing surface. The resting activity of the sensory cell may be increased

I Utricuioi 
\ sac o f  
\ vestibule

Cupula displacement
Semicircular 
\  canalAmpulla

I Cupula \  Relative endolymph 
\  flow

Primary afferent 
*  fibers

Crista
ampullaris
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CHAPTER ONE: GENERAL INTRODUCTION

or decreased depending on the direction in which the cillia bend; displacement towards the 

kinocillium results in depolarisation whereas displacement away leads to hyperpolarisation (figure 

1.3). In a healthy normal the vestibular organ of each ear discharges a proportionately equal and 

opposite message to that of the corresponding ear, thus when the discharge rate of the neurones 

of one of the eighth nerves are excited the neurones of the contralateral nerve are inhibited 

(figure 1.4).

D i s p l a c e m e n t  of  s enso ry  hGirs

D is c h a rg e  ra te  v e s t i b u l a r  nerve

1UU
Rest ing acts v i t y S t i m u l a t i o n

D e p o l a r i z a t i o n )

i n h i b i t i o n  
( Hyper -p o lar iza t ion )

Rest ing  s ta te Towa rds 
k i n o c i l i u m

Away f r om  
k i n o c i l i u m

Figure 1.3: Schematic representation o f the relationship between ha ir cell ohentation and stimulation o f the vestibular 
nerve fibres. (In Luxon 1984).

The vestibular hair cells are innervated by the eighth cranial nerve which traverses the internal 

auditory meatus and cerebellopontine angle to enter the brainstem at the pontomeduallry 

junction. The vestibular nerve fibres terminate primarily in the ipsilateral vestibular nuclei and in 

the flocculus, nodulus and uvula of the cerebellum. The vestibular nuclei are areas of sensory 

integration, receiving visual, somatic and auditory signals and acting as a mediator between 

sensory receptors and other areas in the central nervous system. Projections from the vestibular 

nuclei extend to the extra-ocular nuclei, spinal cord, cerebellum and cerebrai cortex forming the
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CHAPTER ONE: GENERAL INTRODUCTION

vestibulo-ocular, vestibulo-spinal and vestibulo-cerebellar tracts. Thus the output of the nuclei 

influences eye movements, truncal stability and spatial orientation.

Figure 1.4: Head movement to the left produces an excitatory stimulus to the left horizontal semi-circular canal and 
an inhibitory stimulus to the right semi-circular canal. (From Furman and Cass 1996)

1.2 Functional anatomy of vestibular perception

Under natural conditions the responses from the vestibular system do not reach consciousness 

and it is often only under unphysiological conditions, for example caloric stimulation, that 

sensations become apparent (Leigh 1994). Vestibular perception has been proposed to be under 

cortical control and it has been shown, in humans, that the hippocampal formation, retrospinal 

cortex and subiculum are activated by vestibular stimulation (Vitte et al 1996). The posteria insula 

of the vestibular cortex (PIVC) has been identified as important to the perception of vertically or 

tilt (Brandt et al 1994). Electrical stimulation of this area has also been shown to produce 

sensations of rotation and motion (Penfield and Jasper 1954) and increased blood flow to the 

PIVC has been recorded during caloric stimulation (Friberg et al 1985). Furthermore, cerebral 

lesions are known to affect perceptual judgements but not brainstem vestibular reflexes (see 

Leigh 1994).

mi;v « m e n t to  ie

V e s t i b u t a *
nerve

l e f t  h o r i r o n t a i  
sermctrci j i ar  cana l
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CHAPTER ONE: GENERAL INTRODUCTION

1.3 Vestibular autonomic connections

The vestibular system is thought to influence autonomic activity (figure 1.5) during postural 

changes through vestibulo-respiratory and vestibulo-cardiovascular pathways (Yates and Miller 

1996). It has been shown that electrical stimulation of the vestibular nerve increases the activity 

of sympathetic nerves containing vasoconstrictor fibres and also that rotation in the pitch plane 

(not in yaw or roll) produces changes in respiratory nerve activity, perhaps to maintain airway 

patency during partial occlusion of the upper airway which occurs during rotation in this plane 

(Yates et al 1997). Vestibulo-autonomic pathways also produce nausea and vomiting through 

sympathetic afferents to the vomiting centre of the medulla (Guyton and Hall 1996); this occurs 

during experiences of motion sickness and also during vestibular disease. Finally, the nucleus 

locus coeruleus, located in the midbrain, contains neurones which produce norepinephrine and is 

known to influence emotional states such as anxiety and depression (Willard 1993) but through 

coeruleo-spinal, coeruleo-reticular and coeruleo-cerebellar fibres it also has a role to play in the 

maintenance of posture (Jacob et al 1996). Inappropriate or inadequate vestibular inputs to this 

area may result in autonomic dysregulation that manifests as panic attacks or agoraphobia 

(Jacob et al 1996).

Neck
Proprioceptorsf Labyrinth

CerebeSum

Respiratory-Regulatory Circuitry
^  Compensation for posturai-rtisteb 

Kfustrrerts in breathing

Cardiovascular- Regulatory 
^  Circuitry
CcrnpensstKn fo r postarai-oetaied

Nausea Circuitry ■ <

VesSbJar-aidbBd 
nausea and mooon stkness

Vomiting Circuitry
V esttxM r-etoteJ vcmtfncj ana

Nucleus Locus Coeruleus 
Pane and agocxtrxxg mo&tation ot

other vesttoJar reflexes motion sickness - adjustments h  bkxxt pressure

Figure 1.5: Vestibular influences on autonomic control (from Yates and Miller 1996)

1.4 The vestibulo-ocular reflex

The purpose of the vestibulo-ocular reflex (VOR) is to hold the direction of gaze stable in space 

during head movement with the ultimate aim of preserving clear vision. It achieves this by driving
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CHAPTER ONE: GENERAL INTRODUCTION

the eyes in the opposite direction to head motion at a velocity and amplitude suitable to prevent 

any shift in gaze. The VOR operates for both translational and rotational head movements but 

only VOR in response to rotational stimuli will be considered here.

The VOR response is comprised of rapid and slow components. The rapid component of the 

VOR is the most prominent feature and serves to stabilise gaze during high frequency head 

movements. The simplest "direct” pathway is mediated by a three-neurone arc that consists of 

the eighth cranial nerve, an interneurone between the vestibular nucleus and the contralateral 

abducens nucleus (VI cranial nerve) and a motorneuron to the ocular muscles (III cranial nerve) 

(figure 1.6). A further intemeuron is needed between the abducens nucleus and the oculomotor 

nucleus in order to co-ordinate the movement of the two eyes (Furman and Cass 1996).

ID n - /

■El n.

Figure 1.6: Schematic drawing of the horizontal vestibulo-ocular reflex. (From Baloh and Honrubia 1979).

The slow component of the VOR is prominent during low frequency head movements and during 

constant velocity angular motion in space. This component is thought to be mediated by the 

central vestibular system and specifically a “mathematical integrator" known as the velocity 

storage mechanism (Raphen et al 1979). Velocity storage is thought to "store" the signal of head 

velocity and to output an eye velocity signal in order to prolong the period of ocular 

compensation.
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CHAPTER ONE: GENERAL INTRODUCTION

1.5 Disorders affecting the VOR

A disruption in VOR activity will result in increased image motion on the retina which can reduce 

visual acuity and lead to uncomfortable symptoms, such as oscillopsia. Increased retinal slip is 

known to occur in disorders resulting from a reduction in compensatory eye movements (as seen 

in bilateral vestibular lesions and in extra-ocular muscle palsies), as well as in disorders of 

increased eye movements (i.e. congenital nystagmus). Increased retinal slip, however, is not the 

only difficulty experienced by such patients.

1.5.1 Abnormalities of the vestibular system 

Unilateral hypofunction

Unilateral damage to the pathway between the vestibular labyrinth and nuclei results in the 

illusionary movement (most often rotatory) of either one’s self or the surrounding environment. 

The illusion is termed vertigo. It has been estimated that about 0.73% of consultations with 

general practitioners are related to “vertiginous symptoms and other disorders of the vestibular 

system" (Morbidity Statistics from General Practice 1995). However, a more general complaint of 

dizziness would account for a further 0.93% of visits. Assessing the prevalence of balance 

disorders is complicated as the aetiology and symptoms may be associated with numerous 

systems including the otologic, neurological, musculosketal, cardiac, endocrine and pulmonary 

(Cohen et al 1992, Rudge and Bronstein 1995, Gresty and Brookes 1997). Estimates from the 

United States suggest that almost half of the population will be affected by a form of balance or 

vestibular disorder at some point during their life (NIDCD 1994).

Unilateral hypofunction of the vestibular system will result in a loss of resting activity in the 

ipsilateral vestibular nuclei and the central nervous system will interpret the asymmetry as 

constant motion of the head; vertigo and nystagmus will result. Furthermore, in acute cases, 

staggering and ataxia may occur (through vestibulo-spinal connections) and through vestibulo- 

autonomic projections the patient may feel pale, clammy or sweaty and nausea and vomiting 

may ensue (Wright 1988).
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Bilateral hypofunction

For individuals with bilateral vestibular failure, referred to as labyrinthine defective (LD), there is 

no asymmetry in vestibular information and nystagmus does not result (Luxon 1984). This total 

loss of VOR results in a symptom known as oscillopsia during head movements (Bender 1965) 

which is due to retinal slip. The information provided by these systems, and the resulting 

responses, are not adequate to provide sufficient ocular compensation for rapid head motion. 

Thus, during head movement retinal slip occurs which is perceived as an illusionary movement of 

the visual environment.

Perhaps one of the most pertinent descriptions of life without vestibular function was provided by 

J.C. (1952), a physician who developed bilateral vestibular failure following streptomycin 

treatment. The article describes not only the physical symptoms but also how “discouraged and 

frightened” many of these patients feel. Due to the multifaceted nature of balance disorders 

patients often see numerous specialists before receiving a diagnosis; this can lead to fear 

regarding the true cause of their disorder. Acute vertiginous attacks are often unpredictable and 

violent in their symptomology which can lead to disability, handicap and psychological distress 

although the interaction of these variables may be bi-directional (Yardiey and Hallam 1996)

1.5.2 Congenital nystagmus

Congenital nystagmus (CN) consists of involuntary movements of the eyes that are usually 

conjugate and horizontal in direction. It is normally noted during the first few weeks of life or in 

early infancy (Chavis and Hoyt 1995) and is estimated to affect about 0.025% of the population 

(Abadi et al 1991). CN may be idiopathic or associated with a detectable ocular anomaly (i.e. 

albinism, optic atrophy or congenital cataract); in most cases there is reduced visual acuity 

(Gresty et al 1984). CNs often exhibit a null point, or a region in their oculomotor range where the 

nystagmus is minimal; this is usually the area of least impairment to visual acuity (Harris 1993, 

Gresty et al 1984). The nystagmus is often exacerbated by anxiety or by increased fixation 

attempts (Chavis and Hoyt 1995). Despite sometimes florid nystagmus (with a slow-phase of up 

to 100 deg/s) CNs rarely complain of oscillopsia (Leigh et al 1988).
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There has been little research in the area of psychological and psychosocial functioning in 

individuals with congenital nystagmus. From a clinical standpoint, however, numerous adult 

patients report unhappiness (even depression) about CN, claiming that the visual and cosmetic 

factors disable them greatly in everyday life.

1.5.3 Ophthalmoplegia

Rapid development of a paralysis of one or more of the extra-ocular muscles can result in 

diplopia and oscillopsia either during head movement or when the sufferer tries to move their 

eyes. This is often worse when the eyes are moved in the direction of pull of the paralysed eye 

(Wright 1988). Two conditions where paralysis of the extra-ocular muscles occur are chronic 

progressive external ophthalmoplegia (CPEO) and myasthenia gravis.

CPEO progresses over a period of 5-15 years to complete external ophthalmoplegia with 

functions such as pupil reactions and accommodation remaining intact (Chavis and Hoyt 1995). 

However, the disorder may be associated with additional manifestations such as pigmentary 

degeneration of the retina, deafness and cerebellar-vestibular abnormalities.

Myasthenia gravis usually affects adults between the ages of 20-40 years and the incidence of 

the disease has been estimated to be in the range of 1:30,000 to 1:20,000 (Chavis and Hoyt 

1995). It is characterised by abnormal fatiguablity of striated muscles which, in about one third of 

cases, first manifests itself in the extraocular muscles.

Ophthalmoplegia may be accompanied by diplopia, blurred vision and poor visual acuity (Wright 

1988). Patients with ophthalmoplegia could be expected to experience oscillopsia due to the 

inappropriate gain of their VOR and yet it is only often reported in the early stages of the disorder 

(Wist et al 1983). Furthermore, it has been suggested that in ocular abnormalities, such as 

strabismus, there may be a greater tendency toward neuroticism (von Nordon 1991) and many 

suffers experience difficulties in relationships, employment and of self-image (Satterfield and 

Keltner 1993) although this has not been upheld by more recent studies (Gray et al 1996).
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1.6 Investigation of vestibular disorders

Little has changed since Cohen (1984) wrote, “accurate diagnosis of vestibular disease is difficult 

and often not possible....pathological confirmation is rare and vestibular test methods are crude 

and frequently do little more than to elicit lateral semi-circular canal input to the vestibular ocular 

reflex.” Today the angular VOR is still viewed as the most useful reflex in the clinical assessment 

of the vestibular system (Rudge and Bronstein 1995). Routine clinical tests to examine the 

efficacy of this reflex include caloric and rotational testing which are most commonly aimed at 

examining horizontal semicircular canal function.

1.6.1 Caloric testing

Caloric stimulation involves the irrigation of each ear separately with warm (44° C) and cold (30° 

C) water which sets up a convection current (due to a change in the density of the endolymph) to 

stimulate the semicircular canals. Cooling the temporal bone by irrigating the external meatus 

with water at 30° C results in utriculofugal flow of the endolymph and an associated nystagmus 

with the fast phase away from the irrigated ear. Using 44° C water to irrigate results in 

utriculopetal flow and an associated nystagmus towards the irrigated ear. By laying the subject 

supine with the neck flexed at 30° to the horizontal plane it is possible to stimulate the horizontal 

semicircular canal (Fitzgerald and Hallpike 1942). Either the duration, or the maximum slow 

phase velocity, of the nystagmus is most often measured to determine if there is a directional 

preponderance or canal paresis present. A canal paresis is a functional reduction in one ear to 

both warm and cold stimulation. A directional preponderance occurs when the stimuli eliciting 

nystagmus in one direction are greater than those producing a nystagmus in the opposite 

direction (O’Neill 1985). The caloric response is a useful clinical test as it allows quantification of 

the function of the two vestibular end-organs in isolation of each other. However, for this same 

reason it is unphysiological; it is also prone to habituation, and there is a possibility that the 

observed responses reflect temperature changes in the ampullary nerve rather than cupula 

deflection (Henriksson et al 1972).
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1.6.2 Rotational testing

The most commonly used stimuli in rotational testing are sinusoidal and velocity step, the latter of 

which will be elaborated on as it is relevant to the forthcoming studies.

In response to a brief impulse of angular acceleration followed by a period of constant angular 

velocity (i.e. a velocity step stimulus) there is an initial abrupt deflection of the cupula which is 

followed by a slow exponential decay to the resting position. The decay occurs because constant 

angular velocity is effectively the same as being at rest and thus no force is imposed upon the 

cupula (Honrubia and Hoffman 1993). The stimulus is maintained until the observed nystagmus 

has ceased. On deceleration there will be a deflection of the cupula in the opposite direction. The 

maximal deviation of the cupula is proportional to the magnitude of the instantaneous change in 

head velocity (i.e. the strength of the stimulus). The velocity of the stimulus used varies between 

establishments, but is most frequently between 40 to 90 deg/s. The chosen velocity is often a 

compromise between the degree of stimulus required to ensure abnormalities can be detected 

and the possibility of a nauseogenic response (Rudge and Bronstein 1995). Rotational stimuli are 

useful clinically because they are exact and repeatable, they are also not dependent upon the 

integrity of the tympanic membrane (as a caloric is) and can be better tolerated by anxious 

individuals than the caloric (Henriksson et al 1992).

1.6.3 Sources of error

Ocular fixation decreases the amplitude of vestibular nystagmus (Levy et al 1977). Closing the 

eyes can turn the globes upwards (Henriksson et al 1992), a response known as Bell's 

Phenomenon. For this reason it is important that responses are recorded with eyes open in a 

totally darkened room. It is known that lack of alertness inhibits the fast phase of nystagmus and 

may result in dysrhythmia or even complete suppression of the nystagmus response (Collins et al 

1961, Crampton 1961). It is important to monitor the subject’s response at all times to ensure that 

arousal is maintained. Following repeated stimulation of the vestibular end-organ there is a 

response decline due to habituation (Hood 1973, Forssman et al 1963).
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1.6.4 The advent of perceptual testing

Clinical tests of vestibular function rely on either direct observation or EOG recordings of the 

VOR response. There are two main limitations to the total reliance on techniques that use eye 

movements. Firstly, the methods are often unsuitable for use with patient groups in whom it is 

difficult to record, or interpret, eye movements. Such groups include those with ophthalmoplegia 

or congenital nystagmus. Secondly, it has been shown that there is a poor correlation between 

traditional vestibular test results and subjective reports of symptoms (Brookes et al 1994, 

Kanayama et al 1995).

Recently, there has been a resurgence of interest in perceptual tests of vestibular function. 

Clinicians often enquire about the sensation experienced during the caloric test but such 

responses are not easily compared between patients. In order to overcome the problem of 

masking of responses by spontaneous nystagmus, Faldon et al (1997) used a vestibular 

perception test whereby CNs were required to match a series of imposed angular displacements 

by controlling their rotation back to a starting position. A similar test had also previously been 

used with patients suffering from unilateral loss of vestibular function (Metcalfe and Gresty 1992, 

Brookes et al 1993). More recently von Brevern and colleagues (1997) have adapted the test 

protocol to allow application of the procedure to all canal planes. Patients’ subjective symptoms 

have been found to be more closely related to the results of perceptual tests than to conventional 

eye movement based results (Brookes et al 1994, Kanayama et al 1995). Furthermore, such 

tests often help to maintain alertness, may be quicker (as they do not rely on attachment and 

calibration of electrodes) and are often more interesting for the subject as they actively 

participate in the testing process.

1.7 Vestibular symptoms in the absence of pathology

The most commonly encountered form of vestibular ‘abnormality’ in the absence of pathology is 

motion sickness which occurs when man is exposed to certain novel forms of motion (Benson 

1984). In fact a functioning vestibular system is an essential requirement for motion sickness to 

occur. It is estimated that about 90% of the population experience motion sickness at some point 

of their lives (Reason and Brand 1975). The most influential theory of motion sickness has been 

the sensory conflict theory (Reason and Brand 1975) which states that motion sickness is the
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result of “discord or confusion created in spatial integrating centres of the brain by conflicting 

position and motion information arriving simultaneously from the various spatial senses, 

principally the vestibular system, the eye and the non-vestibular proprioceptors”. Adaptation will 

occur with prolonged stimulation, as the central nervous system learns to adapt to the new 

motion environment.! However, there are several non-labyrinthine contributors to motion sickness 

such as endocrinological, psychogenic, olfactory and visual (Schwab 1954) which can leave 

some individuals more susceptible to motion sickness. Determining an individual’s susceptibility 

to motion sickness is essential not only in spatial orientation research but also because of the 

growing number of leisure interests and occupations that involve exposure to motion 

environments.

There are occasions when the results of vestibular testing may be negative but the patient still 

complains of vertiginous symptoms or dizziness. As has been previously mentioned, complaints 

of dizziness may stem from numerous systems including the otologic, neurological, 

musculosketal, cardiac, endocrine and pulmonary (Cohen et al 1992, Rudge and Bronstein 1995, 

Gresty and Brookes 1997). Furthermore, vestibular tests have limited sensitivity and may not be 

capable of detecting anything other than gross lesions. Finally, there is a known relationship 

between anxiety and dizziness thought to relate to interconnections in the central nervous 

system that serve not only the reflexes of balance but also the autonomic system (Jacob 1988).

1.8 Individual differences

It is widely accepted that there are individual differences in responses to illness and also in 

subsequent adaptation and recovery to such illnesses. It is argued that it is inadequate simply to 

attribute such differences to a biological predisposition (Steptoe 1991). Factors such as the 

duration and severity of the illness may be important, but interest has also recently focused on 

individual differences in neuroendocrinological and autonomic mechanisms (Steptoe 1991). 

Furthermore, variations in psychological characteristics (optimism, coping behaviour, locus of 

control) and social factors (social support, socio-economic variations) may have an important 

mediating role in response to illness (Shifren 1996, Sarason and Sarason 1982, Felton et al 

1984). It has been argued that for long-term illness the recovery process may be influenced by 

the individual’s cognitive functioning (Sensky 1990). The same author also proposed that if it is
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possible to identify particular cognitive factors associated with a defined illness then it may be 

possible to aid the recovery process by taking account of such factors during rehabilitation.

It is also known that individual sensitivity to motion sickness varies greatly and it has been 

suggested that this may relate to individual differences in autonomic nervous system activity 

(Cowings et al 1990). Other response differences that have been postulated are individual 

differences in susceptibility to circumvection, race-based differences in susceptibility and sex 

differences either due to endocrinological or perceptual variations (Stern et al 1993, Kennedy et 

al 1995, Kennedy et al 1996).

1.9 General aims of the thesis

Traditionally, psychological and psychosocial factors have been largely ignored in the 

investigation and rehabilitation of vestibular disorders, congenital nystagmus and 

ophthalmoplegia. Personality and cognitive factors may have a defining role in the process of 

adaptation and recovery. Conversely, psychological difficulties such as depression and anxiety 

may be mediated by chronic or long term ocular or vestibular based disorders. Routine testing of 

vestibular function has relied on eye movement recordings which are not suitable for patients 

with congenital nystagmus and severe ophthalmoplegia. Furthermore, there is recent evidence 

that such test results are poorly correlated with subjective reports of symptoms and the degree of 

disability experienced. Thus, new methods of examining vestibular function that do not rely on 

eye movement recordings are needed, as is a more through examination of the role of 

psychological and psychosocial factors in disorders of spatial orientation. The aim of this thesis 

was to identify possible avenues by which individual differences in spatial orientation responses 

could be approached:

Chapter Two: examined a new perceptual test of angular velocity and made a comparison

between eye movement and perceptual data. Responses of both the horizontal 

and vertical canals were examined and the effect of repeated vestibular and 

optokinetic stimulation on the responses was also investigated.
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Chapter Three:

Chapter Four:

Chapter Five:

Chapter Six:

examined the application of this perceptual test to various patient populations 

and quantified the responses of these groups.

examined adaptation to oscillopsia among labyrinthine defective and 

ophthalmoplegia subjects. In addition to the influence of psychological and 

personality factors, the study also examined individual tolerance to oscillopsia 

during self motion.

consisted of a questionnaire investigation of psychological and psychosocial 

factors influencing coping strategies and adjustment to their illness among 

patients with reported balance disorders and among individuals with congenital 

nystagmus.

examined the relationship between menstruation, migraine and motion 

sickness during a round the world yacht race. It is known that within the 

general population spatial disorientation frequently occurs in the form of motion 

sickness. Recently there has been increased interest in the role of non- 

labyrinthine factors in susceptibility, particularly endocrinological factors. The 

aim of the study was to investigate the influence of the menstrual cycle on the 

occurrence of motion sickness and migraine and to examine the interaction 

between motion sickness and migraine during prolonged exposure to 

nauseogenic stimuli.
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Chapter Two

SENSATION AND THE VELOCITY STORAGE MECHANISM: 

PART ONE: GENERAL INVESTIGATIONS

2.1 GENERAL INTRODUCTION

Although a velocity step stimulus is an unnatural test condition (the semi-circular canals respond 

to angular acceleration and not to prolonged angular velocity) it is often used clinically as the 

physiological response to it is well documented. The two clinical parameters most often 

examined are gain and time constant of decay (the time taken for the response to decay to 37% 

of its peak value). It is known that in response to a velocity step stimulus slow phase eye velocity 

does not match the step in head velocity; it initially rises to a peak and then decays exponentially 

to zero (figure 2.1). This response can be divided into three processes: I) the mechanical 

response of the cupula, II) velocity storage and III) adaptation.
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Figure 2.1: (A) Model of the slow phase eye velocity response to an angular step-velocity stimulus. (B) The 
comparative changes in slow phase eye velocity (S.P Vel), cupula deflection (Cup) and output of the integrator. 
(From Raphan et al 1979).

Firstly, due to the mechanical response of the cupula the firing rate of afferent neurones will 

return to the resting rate after a period of constant velocity rotation and thus the response will
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decline. In monkeys the time constant of decay for neuronal activity following vestibular 

stimulation has been shown to be approximately six seconds (Buttner and Waespe 1981). Since 

the observed time constant of the recorded nystagmus, however, was much greater (mean 23 

seconds) it was concluded that there must be further processing to prolong the time constant. 

The process is known as velocity storage (Raphen et al 1977,1979).

Raphen and colleagues exposed rhesus monkeys to optokinetic and angular rotation stimulation 

and from this work proposed a model of the coupling of the visual and peripheral vestibular 

systems to an integrator aimed at prolonging the time over which the vestibulo-ocular reflex 

(VOR) can compensate for head movement. The direct vestibular pathway is responsible for 

rapid changes in eye velocity. Via the indirect pathway, however, the signal is channelled through 

a gain element (which represents the strength of the coupling coefficient) and is then coupled to 

the integrator (which itself has a characteristic time constant). The final time constant of the 

vestibular nystagmus (Tv) will be determined by I) the time constant of the cupula return (Tc), II) 

the time constant of the integrator (To) and III) the closed loop charging time constant of the 

integrator (Tr). This is expressed as Tv=(Tc/Tr)To.

In humans the dominant time constant of neuronal decay following velocity step stimuli has been 

inferred to be around 7-8 seconds (Cohen et al 1981) although this has not been measured 

directly. The greater time constant found in humans, than in monkeys, may be related to the size 

difference of the semi-circular canals in the two species. Furthermore, studies examining post

rotatory responses following off-axis rotation (which is presumed to discharge the velocity 

storage integrator) have shown a time constant in the range of 7-8 seconds (Guedry 1965, 

Raphan et al 1981). The vestibular nuclei region of the brainstem has been identified as a 

possible location for the integrator; more specifically Blair and Gavin (1981) proposed that the 

inhibitory nature of the vestibular commissural fibres served to lengthen the time constant of 

nystagmus.

The third component of the vestibulo-ocular response to velocity step stimuli is adaptation. 

Adaptation occurs during sustained or repeated stimulation and serves to reduce the observed 

response (Stockwell and Bojrab 1993) behaving perhaps, as a recalibration mechanism 

(Bloomberg et al 1991).
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2.2 STUDY ONE: THE ROLE OF VELOCITY STORAGE IN VESTIBULAR SENSATION

2.2.1 Introduction

The emphasis thus far has focused on velocity storage in relation to the ocular response, but this 

mechanism is also of interest in the perception of rotation. Vestibular perception has been 

proposed to be under cortical control and it has been shown, in humans, that the hippocampal 

formation, retrospinal cortex and subiculum are activated by vestibular stimulation (Vitte et al

1996). The posteria insula of the vestibular cortex (PIVC) has been identified as important to the 

perception of verticality or tilt (Brandt et al 1994). Electrical stimulation of this area has also been 

shown to produce sensations of rotation and motion (Penfield and Jasper 1954) and increased 

blood flow to the PIVC has been recorded during caloric stimulation (Friberg et al 1985).

Examination of the sensation of rotation, as opposed to the ocular response, may be a more 

valid test of disability in balance disorders as there has been shown to be a poor correlation 

between conventional vestibular test results and subjective reports of symptoms (Brookes et al 

1994, Kanayama et al 1995). Over the past fifty years numerous methods have been devised to 

measure the sensation of rotation.

Cupulometry

During cupulometry the subject was seated in a Barany chair (with head restrained) in a 

darkened room and sub-threshold accelerations were administered until various rotational 

velocities were achieved (Van Egmond et al 1948, Hulk and Jongkees 1948, Groen and 

Jongkees 1948a, 1948b). Constant velocity was then maintained until both the rotatory 

nystagmus and sensation responses decayed at which time the chair was abruptly stopped and 

the duration of the post-rotatory sensation (indicated verbally by the subject) and nystagmus (by 

direct observation through Frenzel glasses) were determined. These data were then plotted on a 

logarithmic scale - the duration of the post-rotatory ocular response or sensation against the 

constant angular velocity of the stimulus - to form a cupulogram. At a stimulus velocity of 80 

deg/s the mean duration of the post-rotatory nystagmus was found to be 30 seconds whereas, 

the sensation response had a duration of approximately 24 seconds (Hulk and Jongkees 1948, 

Groen and Jongkees 1948).
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Hulk and Jongkees (1948) used this technique to determine the thresholds of post-rotatory 

sensation and nystagmus in normals (n=50). They reported a mean sensation threshold of 2.5 

deg/s (range 0.75 to 5 deg/s) and a greater mean nystagmus threshold of 8 deg/s (range 5 to 30 

deg/s). Furthermore, the threshold of sensation was always lower than that of nystagmus. Similar 

results were reported by Aschan et al (1952) who found a mean sensation threshold of 4.5 deg/s 

and a mean nystagmic threshold of 7.2 deg/s. From these results it was concluded that 

“sensation is more easily stimulated than the nystagmus” (Hulk and Jongkees 1948). It was also 

proposed that, although the two responses resulted from stimulation of the vestibular end-organ, 

they were not inter-dependent and probably followed different pathways (Aschan et al 1952).

The observed discrepancy between nystagmus and sensation thresholds could, however, be due 

to the crude nature of direct observation and not to a true physiological difference. Furthermore, 

sensation thresholds determined by the cupulometric technique have been found to be higher, 

and more variable, than thresholds obtained using a staircase method and, as such, it is viewed 

as an unreliable psychophysical test (Dockstader 1971). The cupulometric method did not gain 

popularity as a clinical test, partly for the above reasons, but also because it was time-consuming 

and susceptible to habituation effects (Hood 1984).

Azimuth estimation

The cupulometric test was adapted by Groen and Jongkees (1948) to enable subjective 

estimation of angular velocity. The subjects were rotated at various constant angular velocities 

and were required to indicate each time they passed through an angle of 90,180 or 360 deg until 

the sensation of rotation had ceased. The reported estimate of angular velocity was often larger 

than the actual velocity of the applied stimulus (up to 50% greater). This data was used to plot 

the “deviation of the cupula” although today we are aware that the response reported was 

influenced not only by the mechanism of the cupula but also by the velocity storage mechanism. 

The reported mean time constant of decay of sensation was 8.3 seconds although this shortened 

time constant might be a reflection of the highly selected sample employed by these researchers 

(Guedry 1974).
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Benson (1968) asked subjects to indicate each time they felt they had moved through an arc of 

90 deg and from this calculated the mean subjective velocity for each five second period. The 

time constant of post-rotatory sensation was 35.2 seconds but again there was a tendency 

among subjects to over-estimate angular velocity. Variations of this estimation technique have 

been employed; Bekesy (1955) asked subjects to indicate each time they thought that they were 

facing one of four imaginary walls of an immobile room. Benson acknowledged that this method 

might be an unnatural and difficult task as it required the subject to retain the concept of a 

prescribed angle.

Magnitude estimation

In a study employing sinusoidal stimuli subjects were required to describe the growth and decline 

of their subjective velocity relative to a modulus (50) imposed by the experimenter on every third 

trial. Accelerations of 3 to 24 deg/s/s were employed (with durations of 10 to 80 seconds) and 

differences in both threshold and rate of decline of subjective velocity were evident (Brown

1966). This may have been a difficult task for the subjects as they were required to retain a set 

magnitude of rotation to use as a comparison over a period of several trials.

Howard and colleagues (1998) had subjects stand on a 1 meter diameter revolving turntable 

(with head restrained). An acceleration of 28.5 deg/s/s was applied until a constant velocity of 72 

deg/s was obtained, this was maintained for 180 seconds and then the turntable was decelerated 

(at 28.5 deg/s/s) to zero velocity. Prior to the first trial the subjects were rotated, stopped and 

instructed to assign a modulus value of five to the initial post-rotatory sensation. During the trials 

they were required to state the direction of rotation and to make “numerical estimates of its 

magnitude, noting any changes in sensation as they occurred" (relative to the modulus). The 

data were plotted in five second blocks and the mean time constant of post-rotatory sensation 

was 24.4 seconds compared to 15.5 seconds for slow-phase eye velocity. This was a complex 

task, however, requiring the retention of a magnitude modulus over a period of six trials.
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2.2.2 Aims of the study

It is apparent from the above review that the results obtained from previous perceptual tests of 

vestibular function have varied greatly and it is probable that this is a reflection of the different 

experimental techniques employed. Previous methods either had complex designs or may have 

been difficult for the subject to complete (since they required the retention of a prescribed angle, 

or a set magnitude, of rotation). The aims of the present study were to I) test the efficacy of a 

new method of measuring the perception of angular velocity; II) document the general 

characteristics of the perceptual response and III) compare the eye movement response to 

angular rotation with the corresponding perception of rotation.

2.2.3 Methods 

Subjects

The subjects consisted of 31 normal volunteers with no history of labyrinthine, neurological or 

visual abnormalities (with the exception of refraction defects). There were 12 women and 19 men 

with a mean age of 31 years (range 21 to 62).

To confirm the vestibular specificity of the test four male labyrinthine defective (LD) subjects 

(mean age 58 years, range 41 to 70) were also tested. The loss of vestibular function was 

determined by absent nystagmic responses on rotational (velocity step stimuli in darkness at +/- 

60-80 deg/s) and bi-thermal caloric tests (30° and 44° C, with and without visual fixation). The 

aetiologies of the patients were idiopathic (n=3) and antibiotic ototoxicity (n=1).

Materials

The study involved the development of a device for recording subjective perception of angular 

rotation. The subjects were seated in a Barany chair with occipital, arm and foot rests. The 

recording device comprised a large (16cm diameter with a 7cm handle) low friction fly wheel 

connected to a tachogenerator. The tachogenerater consisted of an optical encoder (British 

Encoder Products Ltd) and a frequency to voltage converter with a bipolar option. This unit was 

attached to the Barany chair in front of the subject, (figure 2.2). Turning the wheel resulted in a
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velocity encoded signal being sent to a connected computer display unit (the signal was saved 

for later analysis). In an attempt to reduce the effect of jerky hand movements on the response 

the signal was RC filtered (time constant 0.5s). This was a linear system so that any change in 

the speed of wheel turning was correspondingly represented in the recorded trace. Electro

oculography (EOG) recordings were made using bi-temporal DC coupled electrodes and the 

signal was filtered at 70 Hz. The subject’s face was also monitored via an infra-red video camera 

to ensure that their eyes remained open and that they maintained arousal. The velocity signal 

from the chair tachometer, the tachogenerator signal and the EOG signal were recorded on a 

chart recorder and sent to a computer (sampled at 250 Hz) for off-line analysis.

Figure 2.2: Diagram of the experimental setting. A subject is shown holding the handle of the tachometer wheel with 
which he indicates subjective rotational velocity. A video camera imaging the face, EOG electrodes, rotating chair 
and optokinetic drum are also shown
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Procedure

The subject was seated in a Barany chair with the tachogenerator wheel attached in front of 

them. A 90 deg/s velocity step stimulus (acceleration <0.5s) was applied (in total darkness) and 

the subject turned the wheel to indicate their perception of angular rotation. The instructions were 

standardised and were as follows:

“We will turn you, in darkness, in either a clockwise or an anti-clockwise direction. We 

would like you to indicate, using the wheel in front of you, the speed that you feel you are 

moving. The initial speed of the chair will be the fastest you will go, please turn the wheel 

in a quick but smooth manner at this point. As you feel the sensation of rotation decline 

indicate this by decreasing the speed with which you turn the wheel. When the sensation 

dies away, and you no longer feel as though you are moving, stop turning the wheel and 

shout out to let us know that you have stopped. We will then stop the chair and you may 

feel that you are moving in the opposite direction - please use the wheel to indicate this 

and any subsequent reduction in sensation. Shout when you feel that you have finally 

stopped. We would like you to try to sit as still as possible with your head pushed tightly 

against the head rest. Please keep looking straight out in front of you, into the darkness, 

and try to keep your face relaxed."

Constant velocity was maintained until the ocular and sensation responses had declined; the 

duration always being greater than 60 seconds. Subjects were rotated four times; twice clockwise 

and twice anti-clockwise. Four stopping (post-rotatory) responses were also obtained. Initially 

headphones and music were used to reduce auditory cues but this was abandoned since some 

subjects reported that it interfered with their ability to concentrate on the decaying sensation. 

Thus, because auditory and kinaesthetic (vibration from the chair) cues could not be removed the 

responses obtained during rotation of the chair were not used and only the post-rotatory rotation 

data was analysed.

Data analysis

Each subject had four stopping responses (two clockwise and two anti-clockwise) which were 

rectified to normalise for direction (on visual examination there were no obvious asymmetries) 

and then averaged from the off-set of chair velocity. The resulting curve was found to
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approximate an exponential decay and was fitted with an exponential curve. This was achieved 

by log converting the data and following a linear fit with a least square procedure against time. 

The fitted curve was used to determine the time constant of decay (the time taken for the signal 

to decay to 36.8% of its initial value, see figure 2.3). The total duration of the response was 

measured from both the verbal report and the cessation of tachogenerator output.

100%

36 .8%

Figure 2.3: Tachometer output in a normal subject during a rotational ‘stopping’ response. The fitted exponential 
curve and the time constant o f decay of his vestibular sensation are also shown.

The EOG signals were filtered at 70 Hz. Using an in-house analysis program, the EOG signal 

was smoothed using a five point moving average technique, then differentiated by a two point 

central difference algorithm and desaccaded. Next, the whole wave was rectified to normalise for 

direction (as no clear asymmetries had been observed during visual inspection of the data). 

These four responses were then averaged from the off-set of chair velocity and, as with the 

sensation trace, were fitted with an exponential curve and the time constant calculated. The 

duration of the response was measured from the off-set of chair velocity. Finally, in order to 

quantify the total activity, the area under the curve (against time) was computed. For the eye 

velocity curves the area measurement was in degrees; for the sensation responses the peak 

amplitude of the curves were first normalised and therefore the units of the area measurement 

were arbitrary.

T im e C onstan t (T)

2.5  secs

39



CHAPTER TWO: VELOCITY STORAGE - GENERAL INVESTIGATIONS

2.2.4 Results

All subjects experienced a sensation of angular rotation both during self-motion and on stopping 

(post-rotatory sensation) and were able to turn the wheel of the tachogenerator in the correct 

direction of perceived rotation (i.e. clockwise on stopping from a leftwards rotation). The four LD 

subjects indicated little, or no, sensation during either rotation or on stopping; this group also 

presented with greatly reduced ocular responses. The raw data was analysed according to the 

process described in the Methods section.

Figure 2.4 shows the sensation response from an LD subject and both the eye movement and 

sensation responses from a representative normal subject. For the normal subject it can be seen 

that both the sensation and eye movement responses approximate an exponential waveform; in 

comparison the sensation response from the LD subject is markedly reduced.

co
o
o  Choir Velocity
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in
\
o
O
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•Wh'M  Eye Velocity:
' Normal Subject

Turning Sensation: 
Normal Subject

Labyrinthine Defective

5s

Figure 2.4: Representative traces from a normal subject and a labyrinthine defective (LD) subject

The maximum output of the tachometer (peak velocity) was usually recorded within 2-3 seconds 

(range 0.5 to 3.8 seconds) of the chair off-set. For the normal subjects the duration of the 

sensation response was measured both from the verbal response given by the subject (29.0 

seconds, SD 8.2) and from the cessation of tachogenerator wheel output (32.6 seconds, SD 9.0). 

The small discrepancy between the two measurements was probably the result of the subject 

saying “stopped" during the last turn of the tachogenerator wheel and from an added time delay 

(1.5 seconds) of the tachogenerator wheel signal. The sensation traces were fitted with an
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exponential curve and, for most subjects, the fit was good (mean V coefficient 0.91, range 0.55 

to 0.99). Only three subjects had poor fitting curves with ‘f  coefficient values less than 0.80. The 

mean time constant, calculated from the exponential curve, was 15.8 seconds although there 

was considerable scatter among the data (SD 7.9). The envelope of the tachogenerator signal 

(area of the sensation curve) was calculated to give a measure of the total activity (peak velocity 

against time). The mean area was 431.9 arbitrary units (SD 168.3).
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Figure 2.5: Scattergram of the duration of the post-rotatory nystagmus and sensation responses for the sample of 
normal subjects (n=31)
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Figure 2.6: Scattergram of the time constant of the post-rotatory nystagmus and sensation responses for the sample 
of normal subjects (n=31)
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Figure 2.7: Scattergram of the area under the curve of the post-rotatory nystagmus and sensation responses for the 
sample of normal subjects (n=31)

The mean duration of the ocular response for the normal subjects was 38.6 seconds (SD 6.61) 

with a time constant of 15.7 seconds (SD 6.8). From this data (and figure 2.4) it can be seen that 

the shape and time constant of the sensation and ocular responses were similar. The mean 

duration of the eye movement response was about six seconds (SD 7.1) longer than the 

sensation response. At the time the subjects indicated the cessation of sensation (zero 

tachogenerator output) the mean eye velocity was 4.6 deg/s (SD 3.3 deg/s).

A correlation (using Pearson’s correlation coefficient) was made between the ocular and 

sensation responses for the time constant (r=.306, p=.094), duration (r=.620, p<.01) and area 

measurements (r=.337, p=073), the scattergrams of this data can be seen in figures 2.5 to 2.7. 

To determine if the discrepancy between the different response parameters was the result of a 

measurement error the correlation for the time constant data was repeated using only data with 

an ‘r’ coefficient greater than 0.90; the resulting correlation (with the data from 20 subjects) was 

still not significant (r=294, p=.208).

The responses of the LD subjects were not fitted with an exponential due to the gross shortening 

of the responses and therefore only the duration measure will be reported. The mean duration of 

the sensation response for the LD subjects was 3.5 seconds with a range from 1 to 8 seconds; 

the mean duration of the ocular response was 5 seconds (range 0 to 8 seconds).

42



CHAPTER TWO: VELOCITY STORAGE - GENERAL INVESTIGATIONS

2.2.5 Discussion

The aims of this study were to I) test the efficacy of a new method of measuring the perception of 

angular velocity; II) document the general characteristics of the perceptual response and III) 

compare the eye movement response to angular rotation with the corresponding perception of 

rotation.

The test equipment designed for this study was found to be functionally viable, independent of 

handedness. The protocol and instructions were easily understood by subjects and the test was 

not viewed as unpleasant. All subjects felt a sensation of turning both during rotation and on 

stopping and were able to use the tachogenerator wheel to signal this. The subjects were 

required to turn the tachogenerator wheel in the direction of perceived rotation and, as these two 

were in the same plane of rotation, this may have been a more intuitive task than previous 

methods of assessing perception of rotation. The vestibular specificity of the test can be inferred 

from the grossly reduced responses of the LD subjects.

Earlier perceptual tests (i.e. cupulometry) had not enabled simultaneous recording of angular 

velocity perception and ocular responses to step velocity stimuli. A number of previous tests were 

conducted prior to the establishment of electro-oculography when direct observation (often with 

Frenzel’s glasses) was used to measure the ocular response (Van Egmond et al 1948, Hulk and 

Jongkees 1948, Aschan et al 1952, Bekesy 1955). Other techniques required subjects to either 

point or use a joystick to return themselves to an imagined or remembered portion of a room 

(Metcalfe and Gresty 1992, Nakamura and Bronstein 1995, Bloomberg et al 1988, Faldon et al 

1997) or to estimate the angle travelled during an imposed rotation (Groen and Jongkees 1948, 

Benson 1968). It is known that that the use of imaginary external cues can modify the VOR (Barr 

et al 1976) and that an earth-fixed target improves performance on self-rotation navigational 

tasks (Israel et al 1996). Furthermore, activities requiring displacement estimates are thought to 

undergo mathematical integration to convert the velocity signal (of the VIII nerve) to a position 

signal (for ocular motion) (Mergner et al 1996). It is possible that this additional processing may 

affect the dynamic characteristics of the signal. The subjects in Benson’s study (1968) tended to 

overestimate angular velocity with a power function of approximately 0.5. Benson proposed that 

the subjective response of the subjects (mean time constant 35.2 seconds) was about twice the

43



CHAPTER TWO: VELOCITY STORAGE - GENERAL INVESTIGATIONS

duration of the afferent signal which he proposed would have a time constant of 17.5 seconds. 

This latter value is similar to the time constant of post-rotational sensation reported in the present 

study. The test described in the present study does not involve a reconstruction of external space 

but rather requires that the subject attend to, and report, only their sensation of rotation.

It is known that the ocular response to step velocity stimuli decays exponentially and the present 

study demonstrated that post-rotatory sensation follows a similar decline. Additionally, the time 

constants of the two responses were similar (circa 15 seconds) suggesting that velocity storage 

must also influence sensation responses to vestibular stimulation. This is perhaps not surprising 

as the two responses stem from the same input and must undergo some degree of similar central 

processing to achieve functional congruency: in order to navigate a person needs both the 

stabilisation of images on the retina (brought about by the VOR) and an awareness of self in 

space (perception of self-motion).

The persistence of nystagmus, beyond the end of sensation, as reported in earlier studies (i.e. 

Groen and Jongkees 1948) may be a reflection of the magnitude estimation technique employed. 

However, the present study also found this trend with a mean slow phase velocity, at cessation 

of sensation, of circa 5 deg/s. It has been reported previously that, following large changes in 

angular velocity, the sensation of rotation may diminish even while the slow phase eye velocity is 

still as great as 20 to 40 deg/s (Guedry 1974) This may be because the tail-end of the sensation 

is difficult to detect, particularly when a competing task is involved (i.e. during angular 

displacement estimates), resulting in a raised sensation threshold in comparison to the 

nystagmus threshold. Furthermore, during caloric stimulation it is observed that mental arithmetic 

enhances vestibular nystagmus but distracts attention from vestibular sensation (Guedry 1974). 

Alternatively, the discrepancy could reflect a measurement difficulty in detecting the end of the 

nystagmus response.

The corelation between the time constants of sensation and eye response data, however, was 

not found to be significant suggesting that there may be some degree of differentiation in the 

processing of the two responses. Alternatively, this may be the result of a measurement error in 

the time constant data since the duration data was found to be significantly correlated. This is 

improbable, however, since the correlation of the time constant data was repeated (this time 

including only data with an V coefficient greater than 0.90) and still found to be non-significant.
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Earlier research demonstrated that thresholds for sensation were lower than for nystagmus and a 

conclusion was drawn that the two responses were independent of each other (Aschan et al 

1952, Hulk and Jongkees 1948). More recently, Peterka and Benolken (1992) found no 

correlation between VOR asymmetry and directional bias in subjects’ perception of rotational 

velocity, suggesting that there may be a difference in the higher level central processing of eye 

movements and sensation. Due to the general similarity between the time constants for the eye 

movements and sensation (exponential decline and a mean time constant of 15 seconds) it is 

probable that any differences in processing would occur after the level of the velocity storage 

mechanism.

The intra-subject discrepancy between eye movement and sensation responses may also 

explain why it has been found that subjective reports of symptoms correlate better with the 

results of perceptual tests than with those of conventional vestibular tests (Brookes et al 1994, 

Kanayama et al 1995). Thus, the test described here may be useful clinical tool for the 

examination of vestibular disorders. From a clinical perspective the test is easily understood by 

subjects and, as it can run simultaneously with regular electro-oculographic evaluation of 

vestibular function, it need not excessively lengthen the examination. It does, however, require 

good hand control and thus may not be suitable for certain neurological patients.

Finally, although the three response parameters (time constant, duration and area) described in 

the present study are not independent measures they were included to allow a full description of 

the sensation response. As such, in the forthcoming studies only the time constant data will be 

described (the duration and area measurements will be presented as a table). The time constant 

was chosen over the other two parameters because it is can be difficult to assess exactly when 

an eye movement signal reaches zero velocity and interpretation of the trace may be confounded 

by additional responses such as rebound nystagmus. Furthermore, established criteria exist for 

the calculation of the time constant and since this is a frequently quoted measure it would enable 

comparison across studies.
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2.3 STUDY TWO: EXAMINATION OF HABITUATION AND OPTOKINETIC TRAINING

2.3.1 Introduction

The terms "habituation”, “adaptation" and “fatigue" are often used interchangeably in the literature 

and so, for the purpose of this study, the distinction made by Collins (1974) will be adopted. 

According to this typology ‘fatigue’ refers to a temporary state whereby recovery is usual after a 

sufficient period of rest; ‘adaptation’ denotes a response decline that occurs during a prolonged 

stimulus and; ‘habituation’ signifies a long-lasting change and a situation where restoration of the 

full response may never be achieved, even after an extended rest period.

Habituation of vestibular nystagmus has been observed among experienced ballerinas (Fukada 

et al 1967, Dix and Hood 1969), pilots (Aschan 1954) and figure skaters (Collins 1965). 

Furthermore, it is known that recovery from vestibular disorders or vertigo is partly mediated by 

the process of vestibular habituation (Cooksey 1945, Dix and Hood 1970). It has been postulated 

that the process of habituation is controlled by the central vestibular system (Aschan 1954, Dix 

and Hood 1969); the evidence is taken from the need to maintain arousal throughout the 

habituation protocol (Collins 1974) and the non-transference of habituation between altered head 

positions or different axis of rotation (Collins 1969, Crampton and Brown 1966). In particular, the 

pontine tegmentun region of the lower brainstem (Hemandez-Peon and Brust-Camona 1961) 

and the nodulus of the vestibulocerebellum (Cohen et al 1992) have been implicated as possible 

mechanisms of vestibular habituation.

It has been postulated that habituation to rotatory stimuli occurs when the stimulus and response 

are unphysiological (not usually part of a person’s daily repertoire of activities) and therefore a 

process of inhibition or elimination occurs (Hood and Pfaltz 1954). Furthermore, Young and Henn 

(1974) proposed that habituation exists to reduce inappropriate responses to visual-vestibular 

conflicts so as to prevent disorientation. Thus, there exists a mechanism to recalibrate the ocular 

response according to the behavioural context (Bloomberg et al 1991). The ocular response to a 

velocity step stimulus consists of an initial high velocity response (the result of high frequency 

spectra) followed by a trailing "tail" composed mainly of low frequency components. During the 

habituation process neither the phase nor gain of the high frequency components are affected, 

rather the gain of the low frequency components are reduced leading to a shortening of the 

nystagmus response (Jagerand Henn 1981).
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For habituation to occur it is necessary to ensure that the response is not interrupted (Collins

1967), that arousal is maintained and that visual fixation is prevented (Collins 1974). It has also 

been shown that stimulation of the vestibular end-organs is neither sufficient, nor necessary, for 

vestibular habituation to take place (Young and Henn 1974). What is required, however, is the 

presence of a stimulus that produces the same subjective sensation of motion, for example 

optokinetic stimulation. Optokinetic training has been shown to facilitate vestibular habituation, 

leading to a reduction in vestibular nystagmus (Young and Henn 1974, Pfaltz and Kato 1974) 

which is suggestive of a common central mechanism for the generation of optokinetic and 

vestibular nystagmus.

Less attention has been paid to habituation of the sensation response; the rationale for this is 

reflected in Jager and Henn’s (1981) observation that, “the nystagmus response is especially 

useful as it can be compared to results of animal experiments”. Brand (1968) asked subjects to 

indicate the cessation of post-rotatory sensation during two trials on nine consecutive days. 

There was a reduction in the duration of the sensation from 23.2 seconds on day one to 15.5 

seconds on day nine. Effects of habituation on sensation have also been found using the 

cupulometry technique (Aschan 1954) and during unidirectional rotational stimulation (Collins 

1964).

2.3.2 Rationale

A method has been described (see Study One) for the measurement of the perception of 

subjective velocity of angular rotation. The aim of the present study was to use that method to 

examine the effect of visual (optokinetic) and vestibular (rotational) stimuli on the habituation of 

vestibular sensation.

2.3.3 Methods 

Subjects

The subjects for the vestibular habituation protocol consisted of eight normals without a history of 

labyrinthine, neurological or visual abnormalities (with the exception of refraction defects). There 

were three males and five females with a mean age of 22 years (range 21 to 27).
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For the optokinetic (visual) protocol the subject group comprised eight normals, five males and 

three females with a mean age of 28 years (range 23 to 38).

Additionally, a control group of eight subjects were used for comparison. This group consisted of 

five males and three females with a mean age of 29 years (range 22 to 38). This group was 

included to see if order effects or fatigue could influence the findings of the habituation studies. 

The subjects underwent the sensation test twice on the same day, with a period of two hours 

between the tests during which time they undertook their regular activities.

Materials

The mechanism for recording the sensation of rotation has been described previously in section 

2.2.3. Additionally, for the optokinetic study, a full-field black and white striped drum was used for 

optokinetic stimulation. The drum was concentric to the rotating chair, had a height of 1.44m, a 

radius of 70cm with stripes that were spaced 10 degrees apart.

Procedure

Vestibular habituation condition

Over five consecutive days, and at approximately the same time each day, subjects were 

exposed to the following habituation protocol consisting of trapezoid and step velocity stimuli. 

During the trapezoid stimuli the chair was accelerated at 5 deg/s/s to a constant velocity of 90 

deg/s which was maintained for 20 seconds. This was followed by a deceleration of 5 deg/s/s to 

a constant velocity of 90 deg/s in the opposite direction. This profile was completed four times 

and was followed by a series of eight 90 deg/s velocity steps, four in each direction and 

separated by 60 seconds. Prior to the commencement of this stimuli on day one, and 

immediately following the stimuli on day five, the subject also underwent the sensation test 

previously described (see section 2.2.3).
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Optokinetic condition

The subjects completed the sensation task (described section 2.2.3) and were then exposed to 

the following 36 minute protocol of optokinetic stimulation. The drum was accelerated at 8.3 

deg/s/s to constant velocities of 30, 60 or 90 deg/s which were maintained until the whole 

stimulus (including acceleration) had lasted 120 seconds. The relatively high velocities were 

included in order to ensure retinal slip (Baloh et al 1981, Fletcher et al 1990). The direction of the 

stimuli were alternated according to a Latin square design. Throughout the trial the subject was 

asked to keep their head still (against the occipital rest) and to look at the rotating stripes. To 

maintain alertness the experimenter monitored the eye movements with EOG, an infra-red video 

camera was used to monitor the face and verbal encouragement was periodically given. 

Immediately after the period of optokinetic stimulation the subject repeated the sensation task.

2.3.4 Results

The data was analysed according to the procedure outlined in section 2.2.3. Figure 2.8 shows 

examples of representative data obtained on each of the two trials of the habituation, optokinetic 

and control conditions. For the statistical analysis non-parametric tests (Wilcoxon signed ranks 

test and Spearman’s rho correlation) were used since the small sample sizes would make it 

difficult to determine if the populations were normally distributed.

Figure 2.8: Representative data from individual subjects showing the sensation and eye velocity responses before 
and after the habituation conditions
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Figure 2.9: The mean duration (A); time constant (B) and area (C) of the ocular response in individual subjects during 
the vestibular habituation, optokinetic and control conditions

Kruskall Wallis tests were used to examine the differences between the three conditions. There was not found to be a 
significant difference between the before and after scores (across conditions) for the measure of the area of nystagmus 
(p=.424) The nystagmus time constant (p< 01) and duration data (p< 05) were found to be significant.
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Figure 2.10: The mean duration (A); time constant (B) and area (C) of the sensation in individual subjects during the 
vestibular habituation, optokinetic and control conditions

Kruskall Wallis tests were used to examine the differences between the three conditions. There was not found to be a 
significant difference between the before and after scores (across conditions) for the measures of the time constant 
(p=. 141) and duration of sensation (p=.350). The sensation area data were found to be significant (p<.01).
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The mean duration, time constant and area measurements of the ocular and sensation 

responses for the individual subjects can be found in figures 2.9 and 2.10. There was found to be 

a reduction in both the duration and area measurements of post-rotatory sensation following 

habituation with the vestibular stimuli (Z=-2.100, p<.05; Z=-1.906, p<.05). There was not a 

significant difference between the time constant measurement before and after the vestibular 

habituation stimuli (Z=-1.540, p=.123). This discrepancy may be due to a poor fit of the 

exponential from which the time constant was calculated although when the measurements with 

an Y coefficient of less than 0.90 were removed; the test was still found to be non-significant (Z=- 

1.214, p=.225). Alternatively the discrepancy may reflect the great variability among the time 

constant data; for the pre-habituation response the SD was 3.7 seconds; for the post-habituation 

response it was 5.5 seconds. All three of the response parameters for the ocular response were 

found to be significantly reduced following the vestibular habituation stimuli (table 2.1).

Before protocol After protocol Mann-Whitney
Sensation time constant (seconds) 13.00 (3.65) 9.08 (5.47) Z=-1.54

p=.123
Sensation duration (seconds) 29.36 (8.27) 21.98 (6.67) Z=-2.10

p=.036*
Sensation area (arbitrary units) 35.60 (11.50) 27.03 (6.07) rs

i ii ■ C
D CT>

p=.049*

Eye movement time constant (seconds) 16.09 (5.79) 9.68(1.51) Z=-2.52
p=. 012*

Eye movement duration (seconds) 38.88 (8.20) 29.38 (6.67) Z=-2.24
p=.025*

Eye movement area (deg) 521.25 (215.43) 291.25(138.68) Z=-2.24
p=.025*

Table 2.1 The mean post-rotatory sensation and eye movement responses (with one SD in parentheses) for the 
vestibular habituation condition. The table also shows the results of the Mann-Whitney tests examining the responses 
prior to, and following, the habituating stimuli. * Significant at the .05 level.

Following optokinetic training the three measurements of the sensation response were found to 

be significantly reduced (see table 2.2); with regards to the ocular response the duration data 

was found to be non significant although the other responses were significantly reduced. This 

discrepancy, between the duration data and the other parameters, may be due to difficulty 

determining precisely when the eye velocity had decayed to zero.
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Before protocol After protocol Mann-Whitney
Sensation time constant (seconds) 13.79 (4.69) 10.46(4.01)

C
D0
3iII

fsl

p=.049*
Sensation duration (seconds) 31.24(6.37) 22.99 (5.69) Z=-2.52

p=. 012*
Sensation area (arbitrary units) 44.07(19.57) 32.39 (14.50) Z=-2.52

p=.012*

Eye movement time constant (seconds) 14.50(5.53) 12.51 (6.64) Z=-1.96
p=.049*

Eye movement duration (seconds) 37.73(6.65) 32.04(12.86) Z=-1.82
p=. 069

Eye movement area (deg) 621.49(499.30) 504.93(522.74) Z=-2.24
____________________________________________________________________________p=025*_________
Table 2.2 The mean post-rotatory sensation and eye movement responses (with one SD in parentheses) for the 
optokinetic training condition. The table also shows the results of the Mann-Whitney tests examining the responses 
prior to, and following, the optokinetic training. * Significant at the .05 level

There were found to be no significant differences between the two trials of the control condition 
for either the sensation or ocular responses (see table 2.3).

Before protocol After protocol Mann-Whitney
Sensation time constant (seconds) 11.51 (6.00) 12.23 (8.00)

o•'3-rnINI

p=.889
Sensation duration (seconds) 32.00 (8.18) 34.09 (9.05) Z=-.421

p=.674
Sensation area (arbitrary units) 26.84 (18.85) 30.69 (21.72) Z=-.560

p=.575

Eye movement time constant (seconds) 10.36(3.93) 11.26 (3.77) IN
I n ■ C

D
C
O O

p=.327
Eye movement duration (seconds) 33.13(6.38) 34.09 (9.05) Z=-.593

p=.553
Eye movement area (deg) 657.63(402.65) 565.61 (258.06) Z=-1.12

p=.263
Table 2.3 The mean post-rotatory sensation and eye movement responses (with one SD in parentheses) for the 
control condition. The table also shows the results of the Mann-Whitney tests examining the responses prior to, and 
following, the control condition

2.3.5 Discussion

The aim of this study was to examine the effect of visual and vestibular training on post-rotatory 

sensation. Both the visual and vestibular habituation conditions were found to reduce both the 

sensation and ocular responses, whereas such a reduction was not observed for the control 

condition. This suggests that the visual and vestibular habituation protocols used in this study
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serve to reduce both ocular and sensation responses and that these results are not confounded 

by fatigue and boredom effects.

A reduction in the time constant of the ocular response following both visual and vestibular 

habituation has previously been documented. It is known that skilled ballerinas, pilots and figure 

skaters experience a reduction in vestibular nystagmus (Fukada et al 1967, Dix and Hood 1969, 

Aschan 1954, Collins 1965). Under experimental conditions, Brand (1968) exposed subjects to 

repeated rotations and observed a reduction in the number of subjects from whom it was 

possible to record post-rotational nystagmus. This was taken as evidence for a decline in the 

ocular response due to repeated rotational exposure. In agreement with the present study a 

similar reduction in the time constant of the VOR following repeated rotational stimuli have been 

reported in monkeys (Cohen et al 1992), rabbits (Hood and Pfaltz 1954) and man (Dodge 1923, 

Hallpike and Hood 1953).

Less is known of the habituation of the sensation response following repeated exposure to 

rotational stimuli and the results of the present study demonstrate that, as with the ocular 

response, sensation is reduced following vestibular habituation stimuli. It has been proposed that 

habituation occurs in order to reduce disorientation resulting from inappropriate visual-vestibular 

conflict (Young and Henn 1974). Thus, the process of habituation serves to reduce not only the 

ocular response but also the perception of rotation.

The present study demonstrated a reduction in the time constant of the vestibular induced ocular 

response following visual (optokinetic) training. It is known that optokinetic stimulation can modify 

the slow-phase velocity of vestibular nystagmus (Pflatz and Kato 1974, Young and Henn 1974), 

also it has been proposed that the response decline observed is probably the result of retinal slip 

during fixation and that this may be a form of vestibular suppression (Barratt and Hood 1988).

The interaction of visual and vestibular stimuli in perception is well documented and good 

examples are the oculogyral illusion (Hallpike and Hood 1953, Benson and Brown 1989) and the 

sensation of rotation experienced during optokinetic stimulation. The present study demonstrated 

a reduction in vestibular sensation following a period of optokinetic stimulation indicating that the 

perception of rotation can be modified without repeated stimulation of the vestibular end-organs.
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As previously mentioned, what is required is the presence of a stimulus that produces the same 

subjective sensation of motion (Young and Henn 1974).

The findings of the present study are interesting from a clinical perspective as it known that 

recovery from vestibular disorders or vertigo is partly mediated by repeated exposure to the 

disorientating situation (Cooksey 1945, Dix and Hood 1970). Furthermore, it has been proposed 

that optokinetic training may be beneficial in the rehabilitation of balance disorder patients, 

particularly those with visually triggered symptoms (Vitte et al 1994, Bronstein 1995, Jacob et al 

1995). Optokinetic and vestibular systems are thought to share common pathways and it has 

been shown, in humans, that optokinetic stimulation activates the vestibular cortex (Bucher et al 

1997). Therefore, it could be hypothesised that a reduction in vestibular sensation (as observed 

in the present study) would be essential for the reduction of vestibular symptoms among patients.
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2.4 STUDY THREE: EXAMINATION OF VESTIBULAR SENSATION IN ROLL AND YAW

2.4.1 Introduction

There is evidence to suggest that eye velocity and perceptual responses to velocity step stimuli 

about the yaw axis have similar characteristics (see study one in this chapter). Both decay 

exponentially with a time constant of circa 15 seconds which suggests that, for horizontal eye 

movements, velocity storage operates to sustain not only nystagmus but also perceptual 

responses. However, the ocular response to head rotation in roll has been shown to have a 

much shorter time constant. Gilson and colleagues (1973) recorded the ocular responses of 

subjects exposed to triangular waveforms of angular velocity with a peak to peak duration of 12 

seconds. They found time constants of 16 and 7 seconds for the horizontal and vertical canal 

responses respectively. Even shorter time constants (circa 4 seconds) have been found using 

velocity step stimuli (Seidman and Leigh 1989). Thus the VOR response to rotation in roll 

appears to be determined primarily by cupula dynamics.

With regards to sensation during roll, Melvill Jones and colleagues (1964) reported a time 

constant of post-rotational sensation of circa 6 seconds (10 seconds in yaw) compared to 4 

seconds for the ocular response (15 seconds in yaw). Thus, there was a greater reduction of the 

time constant for the ocular response in the two planes than of the reported sensation. However, 

due to the method used by these authors they were unable to document the shape of the decay 

of sensation.

During eccentric rotation, however, when angular rotation is accompanied by linear acceleration, 

the brain does not interpret the cupula signal in isolation but rather is also influenced by signals 

from the otoliths and truncal graviceptors (Benson and Bodin 1966, Mittelsteadt and Mittelsteadt

1997). Thus, during simultaneous constant rotation and linear acceleration the signals from the 

otolithic and truncal graviceptors enhance the fading cupula signal. The duration and perceived 

magnitude of the perceptual responses to such stimuli has been shown to depend linearly on the 

degree of centrifugal force applied (Mittelsteadt 1998).

Mittelsteadt and Mittelsteadt (1997) used velocity step stimuli (20 to 50 deg/s) in the pitch plane 

and asked subjects to estimate the angular velocity of the rotation. They found that the greater 

the radius between the axis of rotation and the subject the greater the time constant of the per-
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rotational sensation. However, post-rotational sensation was independent of position and thus 

was influenced primarily by information from the semi-circular canals (Guedry et al 1992). This 

was taken as evidence for the effect of centrifugal force on the perception of angular rotation. 

However, the task required of the subject was one of perception of angular displacement as 

opposed to perception of angular velocity and this, along with the fact that the subject’s head 

was not fixed, may have influenced the results.

2.4.2 Aims of the present study

The aims of the present study were to use an angular velocity perception task to I) document the 

decline of post-rotatory sensation in the roll plane; II) examine the influence of concomitant 

centrifugal force on post-rotatory sensation.

2.4.3 Methods 

Subjects

The subjects for this study comprised 10 normals with no history of labyrinthine, neurological or 

visual abnormalities (with the exception of refraction defects). There were five females and five 

males with a mean age of 28.3 years (range 23 to 34). Additionally, one female labyrinthine 

defective (LD) subject (aged 48 years) was examined to verify the vestibular specificity of the 

test.

Materials and procedure

Subjects lay supine on a manually driven rotating couch onto which was attached a tachometer 

device for recording subjective perception of angular rotation (previously described in section 

2.2.3). The tachometer signal was fed to a computer (sampled at 250 Hz) for off-line analysis. 

The subjects lay with their legs flexed since leg extension is thought to effect velocity estimation 

during head eccentric rotation (Mittelsteadt and Mittlelsteadt 1997). The reason for this is that 

afferent pathways from the kidneys and the mechanoreceptors (which measure gravoinertial load
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on the blood vessels) are altered with variations in leg position. The subject’s trunk was 

restrained with adjustable belts and a bite-board was used to stabilise the head.

The subjects were manually rotated about an earth-vertical axis for a period of 60 seconds during 

which they were required to signal their perception of angular rotation by the method previously 

described in section 2.2.3. Due to the bite-bar they were not required to verbally signal the end of 

their perception of rotation. After 60 seconds the couch was suddenly decelerated to zero 

velocity and again the subject used the tachometer to signal their post-rotational sensation. This 

was repeated twice clockwise and twice anti-clockwise for each of the two experimental 

conditions.

The subjects underwent each of two experimental conditions, the order of which was 

counterbalanced (figure 2.11). Condition I consisted of a velocity step rotation at a constant 

velocity of approximately 93.7 deg/s (SD 4 deg/s) with the head in the centre of the axis of 

rotation. In condition II the subjects were rotated using a velocity-step profile of circa 90.5 deg/s 

(SD 5.8 deg/s) with the head placed 140 cm caudal to the axis of rotation.

Figure 2.11: The intercepts of the dashed lines denote the position of the subject's head during the two experimental 
conditions. (A) represents the axis of rotation under both conditions and the position of the subject’s head during the 
head-centric condition. (B) signifies the position of the subject's head during the head-eccentric condition (during this 
condition the subject’s legs faced inward, toward the axis of rotation). The centrifugal force applied with the head in 
position (B) was estimated to befo.35g

A

3

B
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The concomitant linear acceleration in condition II was estimated to be 0.35g (see Appendix 

Three), a representation of the profile of the tangential and centripetal accelerations during head 

eccentric rotation can be seen in figure 2 .12..

90 deg/s

Angular Velocity
0

0
/

j  Tangential Acceleration (aT)

Centripetal Acceleration (a j

Time

Figure 2.12: Representation of the profile of the tangential and centripetal accelerations during head eccentric 
rotation in roll at 90 deg/s

Simultaneous eye movement recordings were not made because infra-red and electro

oculography (EOG) techniques are insensitive to torsional eye movements. Although it is 

possible to accurately record torsional eye-movements using a magnetic coil technique this 

method is semi-invasive and restricted to a maximum recording time of 25-30 minutes before 

discomfort ensues (Carl 1993). Four of the subjects in this study had previously undergone eye 

movement recordings (with search coils) on the same equipment using a velocity step stimuli of 

60 deg/s (see Jauregui-Renaud et al 1998). The time constants of the slow-phase velocity for 

these subjects were used for comparison with the sensation data collected in the present study.
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2.4.4 Results

The raw data was analysed according to the criteria reported in section 2.2.3. The histograms of 

the data approximated a normal distribution and the standard errors of the skewness and 

kurtosis tests were between -2 and 2 and thus parametric statistical tests were employed. 

Differences between the time constants were examined using paired t-tests and a Pearson’s 

correlation coefficient was used to examine the relationship between sensation with the head 

centric and eccentric.

The LD subject had absent responses during both head centric and head eccentric rotations and 

on stopping. All of the normal subjects experienced a sensation of angular rotation both during 

self-motion and on stopping (under both experimental conditions). The sensation traces were 

fitted with an exponential curve and for most of the subjects the fit was good. For the head centre 

condition the mean *r’ coefficient was 0.96 (range 0.85 to 0.99) and for the head eccentric 

condition it was 0.93 (range 0.73 to 0.99).

The mean time constant of post-rotatory sensation in the head centric condition was 5.6 seconds 

(SD 2.2) compared to 5.3 seconds (SD 2.9) for the head eccentric condition (t=.669, p=.520). 

See table 2.4 for the duration and area under the sensation curve data.

Head Centric to axis of rotation Head eccentric to axis of rotation
Mean SD Mean SD

Time constant (seconds) 5.80 2.24 5.34 2.90
Duration (seconds) 16.55 5.25 15.26 4.76
Area (arbitrary units) 80.60 49.56 63.66 42.24
Table 2.4 Means and one SD for the post-rotatory sensation with the head centric to the axis of rotation and with the 
head eccentric

There was found to be a significant correlation between the time constants of the two conditions 

(f .666, p<.05). Individuals who had a longer time constant in the head centre position also 

tended to produce a longer response in the head eccentric position (figure 2.13). Thus although 

there was great inter-subject variability there was also good intra-subject consistency.
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Figure 2.13: Scattergram of the time constants of post-rotatory sensation (seconds) following rotation with head in the 
centre of rotation and with head eccentnc to the centre of rotation

Seven of the subjects had previously participated in study one (rotation about the yaw axis) and 

thus it was possible to make a comparison of their post-rotatory time constants in yaw and roll. 

The time constant for the rotation in roll (mean 5.1 seconds, SD 1.7) was significantly shorter 

than the time constant in yaw (mean 15.0 seconds, SD 6.7) (t=4.38, p<.01).

Although the time-constants of post-rotatory sensation under the two conditions of this study did 

not differ significantly, four subjects did report a subjective sensation of tilt during rotation with 

head eccentric. These subjects also reported a shortening of their post-rotatory sensation with 

head eccentric compared to head centric.

Finally, four subjects had previously participated in a study examining the ocular response in roll 

(Jauregui et al 1998). In that study subjects were rotated on the same couch at approximately 60 

deg/s and eye movement recordings were made with magnetic search coils. The mean time 

constant of the ocular response for the four subjects was 5.1 seconds (SD 1.0); the four subjects’ 

mean time constant of sensation in the present study was 4.8 seconds (SD 2.8).
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2.4.5 Discussion

The post-rotatory sensation curves produced in roll declined approximately exponentially as 

previously found with rotation in yaw. The time constant of the post-rotatory sensation was of 

comparable magnitude to the eye-movement response recorded under similar experimental 

conditions (Jauregui-Renaud 1998). However, the time constant for both the eye movement and 

sensation responses in roll (5.8 seconds) were significantly shorter than observed in yaw (15.0 

seconds). The mean time-constant in the present study was also grossly shorter than previously 

found for per-rotation in pitch while lying sideways on a turntable rotating about an earth vertical 

axis (Mittelsteadt and Mittelsteadt 1997). That study, however, did not measure the time constant 

of post-rotatory sensation and the discrepancy between their results and those of the present 

study is probably reflection of different test conditions.

The short responses found in the present study suggest that ocular and perceptual responses to 

rotation in roll are determined mainly by cupula dynamics and not influenced by velocity storage. 

Several hypotheses have been proposed to explain why velocity storage might not operate for 

the vertical canals (see Seidman and Leigh 1989). Firstly, during head rotation in roll the image 

on the fovea remains stable and slip only occurs in the periphery of the retina. Seidman and 

Leigh found a mean gain of 0.47 for the torsional VOR and proposed that this occurred because, 

during roll, only a small degree of VOR is necessary to reduce slip in the periphery and to 

maintain visual acuity. Finally, there are few, if any, natural situations in which a person will 

experience sustained head rotations in roll (Melvill Jones 1964) and thus, in this plane, there 

would little use for velocity storage.

There was not a significant difference between the post-rotatory time constants with the head 

centric or eccentric, indicating that the inclusion of linear acceleration during angular rotation had 

minimal effect on post-rotatory sensation. The results suggest that, although during angular 

rotation the inclusion of a concomitant centrifugal force serves to lengthen the time constant of 

vestibular sensation, during stopping the response is determined mainly by canal dynamics with 

little otolith input (Guedry et al 1992). However, even though the time constant of the post

rotatory sensation for the two conditions was similar the subjective sensation during rotation was 

different between the two conditions. Four subjects reported that during head eccentric rotation
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they experienced a subjective sensation of tilt in the pitch plane; this was not present on 

stopping, nor during head centric rotation. Stimuli which combine angular rotation with centrifugal 

force will stimulate not only the semi-circular canals but also the otoliths; therefore a fading 

angular velocity signal will be enhanced by information from the otoliths. The otoliths detect linear 

acceleration but are unable to discriminate translation from tilt and furthermore it is argued that, 

in an everyday situation, such a sustained change in the force of a vector’s direction would be 

due to tilt and thus under such conditions the subject would begin to feel tilted (Mittelsteadt and 

Mittlelsteadt 1997).! This is known as the somatogravic illusion.,

In summary, the results of this study demonstrated that sensation responses following rotation in 

roll are significantly shorter than responses after rotation in yaw. The post-rotatory responses 

following rotation in roll were also found to be unaffected by a concomitant centrifugal force 

during the period of rotation.
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2.5 GENERAL SUMMARY

The described set of studies were designed to allow examination of the perceptual responses to 

a new method of examining vestibular sensation. Although numerous methods have previously 

been described some had complex designs or may have been difficult to complete as they 

required the subject to retain the concept of a prescribed angle or of a set magnitude of rotation. 

All subjects in the present studies understood the instructions and were able to successfully 

complete the task.

There was found to a similarity in the sensation and ocular responses, both declining 

exponentially with a mean time constant circa 15 seconds, suggesting that both are influenced by 

velocity storage. On an intra-subject basis, however, there was a poor correlation between these 

two responses. This may help explain why there is often a discrepancy between vestibular test 

results and the symptoms reported by patients. It was found that visual and vestibular habituating 

protocols served to reduce both the sensation and ocular responses. These protocols may be 

useful in the rehabilitation of balance disorder patients.

Finally, it was found that the post-rotatory sensation responses to rotation in roll were significantly 

shorter than responses following rotation in yaw. Also, this response was found to be unaffected 

by the inclusion of a centrifugal force during rotation. Therefore, it is proposed the post-rotatory 

sensation response in roll is determined primarily by the dynamics of the cupula and not by 

velocity storage or by otolithic signals.
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Chapter Three

VESTIBULAR SENSATION AND THE VELOCITY STORAGE 
MECHANISM. PART TWO: PATIENT INVESTIGATIONS

3.1 BACKGROUND

Congenital nystagmus (CN) consists of involuntary eye movements that are usually conjugate and 

horizontal in direction. It is normally noted during the first few weeks of life or in early infancy (Chavis 

and Hoyt 1995). In certain cases, however, the disorder remains undetected until adulthood, at 

which time diagnosis can be complicated (Gresty et al 1991). CN is sometimes present without 

associated sensory difficulties (i.e. albinism, optic atrophy or congenital cataract).

3.1.1 Pathophysiology of CN

The pathophysiological mechanism of CN is unknown although several hypotheses have been 

proposed. Traditional classifications have focused on a sensory and motor distinction, attributing jerk 

nystagmus to a defect in the motor fixation system and pendular nystagmus to a sensory defect 

(whereby visual acuity is impaired by an ocular abnormality). However, the occurrence of jerk or 

pendular waveforms is independent of detectable sensory deficits; also a single individual may 

demonstrate both types of waveform depending upon the position of the eyes (see Leigh and Zee 

1983). Anomalies of the visual pathway (i.e. abnormal decussation) have been postulated to be the 

cause not only of “inverted” pursuit and optokinetic reflexes but also of the CN itself (Halmagyi et al 

1980). However, a study employing visual evoked potential topography demonstrated that 

contralateral retinal cortical mis-projections were recorded in albino subjects regardless of whether 

CN was present, suggesting that the mis-routing is a feature of albinism, not of CN (Shallo-Hoffmann 

and Apkarian 1993).

More recently, explanations have focused on an instability of the brainstem neural integrator. The 

afferent signals from the vestibulo-ocuIar, saccadic and pursuit systems are thought to be velocity 

encoded and yet the signal required by the ocular motor neurones is one of eye position. Thus,
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mathematical integration is required to convert velocity coded information into a position encoded 

signal. The mechanism of this neural integrator is not thought to be located in any discrete site, but 

rather is influenced by various structures including the cerebellum, pontine reticular formation and 

perihypoglossal nuclei (Carpenter 1977). Under optimal conditions (i.e. perfect integration) the 

output of the neural integrator would not only represent the appropriate eye position signal, but this 

signal would also be sustained. However, even normal controls demonstrate a decay of the eye 

position signal over time and a centripetal (towards the null) drift of the eyes from eccentric to 

primary position, with a time constant of around 25 seconds (Becker and Klein 1973). Under such 

conditions corrective saccades are required to return the eye to the targeted position. This decay of 

the eye position signal is attributed to a “leaky” neural integrator and the smaller the observed time 

constant the "leakier" the integrator is thought to be.

Zee and colleagues (1980) developed a model to describe the influence of the cerebellum on the 

brainstem neural integrator. They proposed that the neural integrator is inherently leaky, that the 

signal from this mechanism is received by the cerebellum and that a positive feedback loop with a 

variable gain is used to ensure the integrator functions adequately. If the gain of the feedback signal 

were too small then the neural integration provided would be inadequate and thus, following an 

eccentric movement of the eyes, there would be centripetal drift (as seen in gaze-paretic 

nystagmus). Conversely, an unstable neural integrator would result from a feedback signal with too 

high gain, culminating in centrifugal drift of the eyes from primary position. They proposed that this 

could account for waveforms observed in patients with acquired jerk nystagmus. The theory has 

been criticised, however, because the gain of the feedback loop would need to be considerable to 

account for the frequencies and accelerations of centrifugal drift observed among CNs (Harris 

1993).

The model of CN proposed by Optican and Zee (1984) comprised three parts: I) a brainstem neural 

integrator with a time-constant of around 1.5 seconds, II) a positive position feedback loop and III) a 

negative velocity feedback loop. In healthy normal subjects the combined feedback of the position 

and velocity loops stabilises, and increases the gain of, the neural integrator. In the case of CN, it is 

proposed that the velocity feedback loop has the wrong polarity (i.e. positive) due perhaps to neural 

mis-routing of the signal. This reversed polarity would make the neural integrator unstable, resulting 

in one of a variety of CN waveforms. The model has been criticised, however, for not being 

applicable to large amplitude pendular nystagmus (Harris 1993).
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Harris et al (1993) reported a CN patient with a short time constant (0.24 seconds) of the neural 

integrator. The time constant of the neural integrator was measured as the time taken for the eyes to 

drift back to 63% of the original eye movement. It has been postulated that a leaky neural integrator 

would be common among patients with CN and two possible explanations for this were proposed. 

Firstly, during early infancy foveal vision has not yet developed and a precise neural integrator is not 

required. Furthermore, if foveal vision never fully develops (as may be the case in CN with 

accompanying sensory deficits) then the neural integrator may also be prevented from developing. 

However, this explanation was rejected by the author on the grounds that, in CN, there is a 

pronounced reduction of the time constant which must be due to an active process on the part of the 

ocular-motor system. The preferred hypothesis of Harris is that continuous oscillation of the eyes 

actively shortens the time constant of the neural integrator which creates a null region to improve 

visual acuity. Thus, within a narrow null region, CN is damped due to the shortened time constant. 

The compromise, however, is that outside of this region the nystagmus is greater. Support for this 

second hypothesis is taken from the work of Robinson et al (1984) who proposed that Alexander’s 

law of spontaneous nystagmus could be attributed to a vestibular abnormality shortening the time 

constant of the neural integrator.

3.1.2 Vestibular testing in CN

Yee and colleagues (1976) proposed that abnormalities of the vestibular system might be important 

in the aetiology of CN but that the presence of spontaneous nystagmus may mask vestibular 

responses and make interpretation difficult. This problem was encompassed in a later study by the 

same authors who, despite finding abnormal vestibular results in almost half of the CN subjects 

tested, concluded that the vestibulo-ocular reflex (VOR) was essentially normal (Yee et al 1981). 

Moreover, Jarzebinska-Vererova and Pospiech (1996) proposed that caloric and optokinetic 

stimulation had limited clinical application to patients with CN due to the interfering nature of the 

underlying spontaneous nystagmus.

In an examination of 90 CN patients Forssman (1964a) reported that 44% of the sample 

demonstrated no response to caloric and rotational testing and attributed this to a central, as 

opposed to peripheral, lesion. A further 10% of cases had responses that made interpretation
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difficult. In a follow-up study of 20 CN patients (all shown previously to have bilateral reduction of 

vestibular function) caloric responses and laterotorsion were examined and the subjects were asked 

to rate their perceived vertigo on a scale of 0 to 6 (Forssman 1964b). All CN subjects demonstrated 

laterotorsion and reported less dizziness than both normal controls and blind subjects (45% of whom 

demonstrated weak caloric responses). Forssman concluded that, in CN patients, the process of 

habituation abolishes nystagmus induced by vestibular stimulation, which subsequently reduces the 

symptoms of oscillopsia and vertigo. However, the validity of using a single rating scale (without a 

modulus) across different patient groups is questionable.

Gresty and colleagues (1984,1985) proposed that short or absent responses to velocity step stimuli 

in CN subjects was possibly the result of masking by the spontaneous nystagmus, rather than a true 

physiological observation. Alternatively, they postulated that the repetitive and predictable nature of 

the nystagmus could induce adaptation and thus shorten the time constant of the vestibular 

response. Interestingly, these researchers also found that sinusoidal stimulation allowed modulation 

of the CN enabling the phase of the underlying vestibular nystagmus to be examined. Under these 

conditions the responses of CN patients were found to be similar to normal controls (Gresty et al

1985).

Applying velocity step stimuli, Demer and Zee (1984) found extremely short time constants (1-2 

seconds) for three CN subjects. It was postulated that this finding might be the result of a defective 

velocity to position neural integrator which, as previously mentioned, may be a cause of the CN 

itself. These authors also proposed that the findings might be explained by a congenital lesion of the 

velocity-storage mechanism, shortening the response of the VOR to below the value of cupula 

deflection.

In order to overcome the problem of masking of vestibular responses by CN, Faldon et al (1997) 

devised a vestibular perception test whereby CN patients were required to match a series of 

imposed angular displacements by controlling their rotation back to a starting position. CN subjects’ 

responses were variable, 39% produced responses similar to those of normal controls and 56% 

presented with mildly hypometric responses (the subjects underestimated the amplitude of the target 

rotation). The authors proposed that CN subjects with mildly hypometric responses may not have 

utilised their velocity storage mechanism, particularly during low frequency head movements. The 

task required of the subjects in the vestibular perception test could be argued to be one of
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perception of angular displacement, as opposed to perception of angular velocity, which may 

account for the mildly abnormal responses found in this study.

3.1.3 Vestibular responses in ophthalmoplegia

Individuals with ophthalmoplegia will experience retinal slip due to the inappropriate gain of their 

VOR (Wist et al 1983); in these subjects the ophthalmoplegia abolishes the efferent branch of the 

VOR resulting in retinal slip during head movement. It is known that visual fixation shortens the time 

constant of post-rotatory nystagmus, a mechanism known as “dumping” (Waespe and Schwarz

1986) and that prolonged full-field visual stimulation reduces vestibular sensation (see Chapter 

Two). Therefore, it is possible that retinal slip, as experienced by ophthalmoplegia subjects, could 

also lead to a shortening of the time constant of post-rotatory nystagmus and sensation. In a 

situation where visual information is available, a comparison can be made between compensatory 

eye movements and residual retinal slip, in order to assess the appropriateness of ocular-motor 

output. If a directional match is found then the ocular-motor output should not be suppressed as the 

response would be useful for stabilising vision. If, however, retinal slip is profuse, and the ocular- 

motor output inadequate to stabilise vision, then it would be beneficial to reduce this response. A 

method by which this can be achieved is attenuation of the gain of the velocity storage mechanism 

(Maioli 1988).

3.1.4 Vestibular responses in lesions of the cerebellum

The cerebellum is a sizeable structure connected to the brainstem by three large fibre bundles: the 

superior, middle and inferior cerebellar penduncles. The vestibulocerebellum, consisting of the 

flocculus, nodulus, uvula and ventral paraflocculus, receives fibres from the ipsilateral superior, 

medial and inferior vestibular nuclei as well as a limited number of fibres direct from the vestibular 

nerve. Of particular interest is that the nodulus and ventral uvula are thought to modulate the low 

frequency components of vestibular nystagmus and thus affect the time constant of the VOR (see 

Lewis and Zee 1993). The efferent fibres from the vestibulocerebellum terminate throughout the 

ipsilateral vestibular nuclei complex and from here the vestibular nuclei are able to influence axial 

musculature via the vestibulospinal tracts and the extra-ocular eye muscles via the medial 

longitudinal fasciculus. Thus, the cerebellum is crucial to vestibular activity and damage to this
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structure (through toxicity, tumour or infarction) can result in abnormalities of equilibrium, posture, 

gait, eye movements and head position as well as vestibular nystagmus (Willard and Perl 1993). 

Furthermore, the cerebellum has been implicated as a component of the brainstem neural integrator 

and as such may be important in the generation of spontaneous nystagmus (Zee et al 1981). 

However, nothing is known as to whether cerebellar lesions can also modify the dynamics of 

vestibular sensation.

3.2 RATIONALE

The observed time constant of the slow phase eye velocity following velocity step stimuli is greater 

than could be attributed to cupula deflection alone. It is thought that the signal of head velocity is 

"stored”, and the eye velocity signal prolonged, by a central “mathematical integrator" known as the 

velocity storage mechanism (Raphen et al 1977, 1979). It is apparent that discrepancies exist 

between studies examining vestibular function in CN. The presence of involuntary nystagmus can 

confound interpretation of vestibular responses when eye movement recordings are used. This 

study aimed to examine vestibular function in patients with CN and with ophthalmoplegia (both of 

which lead to excessive retinal slip) using an angular velocity perception test. Furthermore, patients 

with cerebellar lesions were examined as the cerebellum has been implicated, not only as a 

component of the brainstem neural integrator, but also in the modulation of the low frequency 

components of vestibular nystagmus. Thus the aims of the present study were to: I) assess 

vestibular function in CN and ophthalmoplegia subjects; II) assess the effect of excessive retinal slip 

on the process of velocity storage; and III) examine the perceptual responses of patients with 

cerebellar lesions.

3.3 METHODS

3.3.1 Subjects

Three distinct patient groups were examined.

The CN group comprised ten males and one female (mean age 36 years, range 26 to 55). The 

diagnosis was established by a history of nystagmus since childhood, the absence of 

labyrinthine/neurological disease, and eye movement recordings with typical CN waveforms. Eye
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movement recordings were made with EOG or infra-red reflection oculography (IRIS, Skalar, Delft), 

most patients having both recordings taken. Table 3.1 contains a clinical summary of these patients.

Subject Age/Sex Snellen Acuity 
Corrected

Ocular Alignment Clin Diag / Waveform Stereopsis (Titmus)

1 28 M 0.3; 0.3 esotropia idiopathic/ APAN nil

2 26 M 1.2; 1.0 orthotropia idiopathic/APAN 40”

3 27 M 0.5; 0.5 orthotropia idiopathic/ bidirectional jerk 50”

4 40 M 0.17; 0.17 esotropia inherited optic atrophy/ 
bidirectional

nil

5 45 M 0.3; 0.3 orthotropia OA-X chrom 
APAN

800"

6 40 M 0.67; 0.67 orthotropia idiopathic/ 
left jerk

140”

7 47 M 0.33; 0.33 orthotropia idiopathic/
APAN

120”

8 29 M 0.7; 0.7 orthotropia idiopathic/ 
left jerk

140”

9 33 M 0.7; 0.7 orthotropia idiopathic/ 
bidirectional jerk

480"

10 34 F 0.1; 0.1 orthotropia occ albinism/ 
bidirectional + 
left jerk

800"

11 34 M 0.16; 0.16 exotropia occ albinism/ 
pendular+torsion

nil

Key: APAN - aperiodic alternating nystagmus; OA-X Chrom - ocular albinism, X Chromosomal; occ - occutaneous.

Table 3.1: Clinical summary of CN patients

The ophthalmoplegia group consisted of two males and three females (mean age 44 years, range 

30 to 69). The aetiology of the ophthalmoplegia was myasthenia gravis (n=2) and chronic 

progressive external ophthalmoplegia (n=3). Clinical examination of the patients revealed slowing 

and reduction of eye movements which was asymmetric in the myasthenia gravis subgroup. Three
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of the group complained of visually induced dizziness precipitated by unstable visual backgrounds 

such as crowds or traffic.

The cerebellar group consisted of three males and two females (mean age 48 years, range 28 to 

66). Three of the group were diagnosed with cerebellar system degeneration (one with possible 

inherited origin) and two patients were diagnosed with demyelination disorders (one post viral). The 

degree of observed ataxia was marked in two cases, mild in two cases and normal in the fifth; all 

subjects were adequately able to turn the wheel of the tachogenerator. All of the subjects 

complained of either balance difficulties or clumsiness.

A sample of 30 age-matched normal controls were used as a comparison for the patient groups. 

These subjects had no history of labyrinthine, neurological or visual abnormalities (with the 

exception of refraction defects). There were 14 males and 16 females with a mean age of 35.7 years 

(range 24 to 62).

3.3.2 Materials and procedure

The materials and procedure used in this study are outlined in sections 2.3.1.2 and 2.3.1.3.

3.4 RESULTS

The raw data was analysed according to the criteria reported in section 2.4.1. For the statistical 

analysis non-parametric tests were used because it was felt that the small sample sizes (i.e. n=5 for 

both the ophthalmoplegia and cerebellar groups) would make it difficult to determine whether the 

variables were normally distributed.
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CHAPTER THREE: VELOCITY STORAGE - PATIENT INVESTIGATIONS

All of the patients experienced a sensation of angular rotation both during self-motion and on 

stopping (post-rotatory sensation). Figure 3.1 shows representative vestibular post-rotatory 

sensation data from each of the patient groups and from normal controls. As can be seen from this 

figure the sensation traces were approximately exponential in their decay, although the patient 

groups demonstrated a faster decline or a shortening of the response. The sensation traces of all 

subjects were fitted with an exponential curve and in most cases the fit was good. For normal 

controls the mean V coefficient value of the fitted curve was 0.93 (range 0.73 to 0.99), for the CN 

subjects it was 0.93 (range 0.89 to 0.99), the ophthalmoplegia group had a mean coefficient of 0.93 

(range 0.78 to 0.99) and finally, for the cerebellar group the mean was 0.90 (range 0.86 to 0.99).

Similar patterns can be found in figures 3.2a and 3.2b which portray the grand average velocity 

traces for both vestibular sensation and the slow phase eye velocity. The slow phase eye velocity 

traces for individual CN and ophthalmoplegia subjects were poor; in particular, the presence of CN 

made interpretation of the vestibular response difficult. However, it is possible that in the grand 

average traces the spontaneous nystagmus was reduced by the normalisation and averaging 

procedures, enabling the underlying vestibular nystagmus to be examined. As can be seen in figure 

3.2a the CN subjects’ grand average eye velocity curve approximated an exponential waveform. 

Furthermore, the individual averages of the post-rotational eye velocity curves of the CN subjects 

were examined post hoc and eight had an exponentially decaying waveform. The grand average 

eye velocity curve of the CN subjects exhibited a secondary decay approximately 30 seconds after 

peak velocity. Examination of the individual EOG recordings revealed that, in some CN subjects, the 

underlying spontaneous nystagmus may have been enhanced and that this effect lasted longer or 

decayed slower than the vestibular nystagmus. Finally, the beat direction of the CN was not found to 

be associated with any asymmetries in the post-rotatory sensation responses. The better eye of the 

ophthalmoplegia subjects was used in the analysis.

The means and SDs of the vestibular post-rotatory sensation and slow phase eye velocity for each 

subject group are represented in table 3.2. A Kruskal-Wallis one way analysis of variance was 

carried out to test for any significant differences between the ranks of the sensation time constant 

data across groups; there was found to be a significant difference between the groups (x2=17.739, 

df=3, p<.05). Further analysis of the data, using Mann-Whitney U tests, revealed that all of the 

patient groups differed from the normal controls, but they were not significantly different from each
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other (table 3.3). All the patient groups demonstrated greater decay of vestibular post-rotatory 

sensation than normal controls.

Normal Controls CN Cerebellar
Patients

Ophthalmoplegia
Patients

Sensation

Time constant (sec) 17.34 (7.71) 7.18(3.81) 7.71 (1.18) 9.48(1.49)

Duration (sec) 37.00(12.01) 16.91 (4.10) 20.90(4.21) 21.48 (10.41)

Area (arbitrary units) 50.03 (16.60) 22.56 (10.38) 25.33 (10.84) 24.63 (10.05)

Eye velocity

Time constant (sec) 16.59 (7.58) *6.84 8.63 (2.32) *6.50

Duration (sec) 40.48(7.69) *16.94 23.15(3.87) *16.64

Area (deg2) 663.82 (446.92) *208.40 385.83 (91.21) *201.93

Table 3.2 The means and SDs of post-rotatory sensation and eye velocity. The three parameters examined were 
duration, time constant and area under the curve. Only the time constant is reported in the text.
* The eye velocity data for the CN and ophthalmoplegia groups was calculated from the grand average curve. The data 

for the other groups were calculated from the means of the individual curves.

Normal Controls CN Subjects Ophthalmoplegia
Subjects

Cerebellar
Subjects

Normal Controls -3.489 -2.174 -2.786
(<.001) (.030) (<•01)

CN Subjects -3.489 -.850 -.283
(<.001) (.396) (.777)

Ophthalmoplegia -2.174 -.850 -1.776
Subjects (.030) (.396) (.076)

Cerebellar Subjects -2.786 -.283 -1.776
(<•01) (.777) (.076)

Table 3.3: Results of Mann-Whitney U Tests for sensation time constant data. Z values are shown and the significance 
value in parentheses.

As mentioned previously the slow phase eye velocity traces were averaged over the groups and the 

time constants of the averaged curves measured. The mean time constants of the grand average 

eye velocity curves are represented graphically in figure 3.3; as with the vestibular sensation data, 

the time constants of the slow phase eye velocity are also greatly reduced among all the patient 

groups in comparison to normals.
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CHAPTER THREE: VELOCITY STORAGE - PATIENT INVESTIGATIONS

3.5 DISCUSSION

The aims of the present study were to: I) assess vestibular function in CN and ophthalmoplegia 

subjects; II) assess the effect of excessive retinal slip on the process of velocity storage for both eye 

movement and sensation responses; and III) examine the effect of cerebellar lesions on post

rotatory sensation.

As observed with the normal controls reported in Chapter Two, the patients in this study produced 

similar shaped grand average post-rotatory sensation and slow phase eye velocity curves with 

comparable time constants. All the patient groups had significantly shortened time constants of post

rotatory sensation and slow phase eye velocity in comparison to normal control subjects. The 

implications of these findings, for each patient group, are discussed below.

3.5.1 Vestibular function in CN

The use of eye-movement recordings and traditional neuro-otological tests to assess vestibular 

function in CN subjects is of limited clinical value due to the interfering nature of the underlying 

spontaneous nystagmus (Jarzebinska-Vereova and Pospiech 1996). An alternative is to employ 

vestibular perception tests which remove the need for eye-movement recordings. A perceptual- 

based test of vestibular function in CN elicited mildly hypometric responses (Faldon et al 1997). The 

authors postulated that hypometric responses may have been the result of a reduction in the gain 

and time constant of the velocity storage mechanism. In a task-specific description of why the 

velocity storage mechanism was not fully utilised, the authors proposed that during low-frequency 

head movements spontaneous nystagmus was enhanced and that under such conditions velocity 

storage would do little to stabilise and preserve vision (the main function of the VOR). The task 

required of the subjects in that test, however, was one of perception of angular displacement as 

opposed to angular velocity, and it has been suggested that this requires additional mathematical 

integration to convert the velocity coded information into a position signal (Robinson 1968). 

Furthermore, the test frequencies employed in that study (0.17-0.5 Hz) were not low enough to 

enable adequate evaluation of the velocity storage mechanism.

The present study required the perception of angular velocity and as such may be more 

representative of the velocity encoded afferent signal relayed by the vestibular nerve. The CN
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subjects were found to have a mean post-rotatory sensation time constant of approximately seven 

seconds which was almost half of that observed in normal controls. This is slightly greater than the 

time constant of vestibular nerve activity of five to six seconds reported in monkeys (Buttner and 

Waespe 1981) and the difference may relate to the larger size of the semi-circular canals in humans 

(Cohen et al 1981). The present findings suggest that in CN there is either an absence of, or 

minimal utilisation of, the velocity storage mechanism, with the observed time constant directly 

reflecting the activity of the vestibular nerve fibres.

The results of the present study, and the findings of Faldon and colleagues, do not support Demer 

and Zee’s (1984) hypothesis of an “inverted” velocity storage mechanism in CN. The present study 

demonstrated a reduction in the time constant but not an indication of an inverted mechanism (i.e 

ultra short time constants). They postulated that the ultra-low (1-2 seconds) time constants observed 

could be the result of a defective velocity to position (ocular-motor) neural integrator (proposed to be 

the cause of the CN itself (i.e. Harris 1993).

The findings of the present study also challenge the observations of absent vestibular responses in 

CN reported by Forssman (1964a,b). CN probably confounded interpretation of the eye movements 

in these studies. However, Forssman’s proposal that hypofunction of the VOR results in a situation 

in which there is little use for stabilisation of images against retinal slip is interesting. The findings of 

the present study suggest that in CN cupula dynamics remain operational but that the central 

mechanism of velocity storage has been “switched off’ (or the gain attenuated) perhaps so as not to 

further compromise visual acuity, or possibly because it serves little useful purpose. Cupula 

dynamics and vestibular nerve activity remain intact to inform central mechanisms of head 

movement. It is possible that this shortening, or “switching off’, of the velocity storage mechanism 

results from the continual retinal slip produced as a consequence of spontaneous nystagmus. This 

hypothesis is explored in more detail below.

3.5.2 Vestibular perception in ophthalmoplegia

In routine neuro-otological tests patients with ophthalmoplegia have been found to have abnormal 

saccadic eye movements (see Leigh and Zee 1983) and also an adaptive gain of the VOR (Estanol 

and Lopez-Rios 1984). This was proposed to be a recalibration mechanism to reduce the effects of

80



CHAPTER THREE: VELOCITY STORAGE - PATIENT INVESTIGATIONS

retinal slip. However, as with CN patients the eye movement recordings obtained from these 

subjects are difficult to interpret. The ophthalmoplegia patients tested in this study were found to 

have a shortened mean time constant of post-rotatory sensation (9.48 seconds). The time constant 

of the slow phase eye velocity of post-rotatory nystagmus was measured from a grand average 

curve and was also found to be significantly reduced in comparison to normal controls (9 seconds 

compared to 18.56 for the normals). Although chronic progressive external ophthalmoplegia has 

been associated with other manifestations of mitochondrial disease, such as cerebellar-vestibular 

abnormalities (Vaughan et al 1995), it is unlikely that this was the cause of the reduced time 

constant, as a comparable time constant was observed among the myasthenia gravis subjects. 

Also, these subjects did not exhibit either cochleo-vestibular or cerebellar type symptoms. 

Furthermore, as neither ophthalmoplegia nor CN are known to be associated with lesions of the 

pontomeduliary region, it is probable that the observed reduction in the time constant resulted from a 

shortening of the velocity storage process secondary to the presence of excessive retinal slip. As 

previously mentioned, utilisation of velocity storage would serve little purpose, perhaps even be 

detrimental, in a situation where ocular-motor output is inadequate to stabilise vision (Maioli 1988).

3.5.3 Vestibular perception in lesions of the cerebellum

In the five patients tested with lesions of the cerebellum region there was found to be a mean time 

constant of post-rotatory sensation of 7.71 seconds which is comparable to the time constant 

measured in the CN subjects. The time constant of the slow phase velocity of nystagmus was also 

significantly shortened, suggesting that the activity observed is that of the signal relayed by the 

vestibular nerve with little, if any, processing by the velocity storage mechanism. A previous 

examination of the caloric responses of 146 patients with either cerebellar tumour, cerebellar 

haemorrhage or spinocerebellar degeneration demonstrated normal or reduced responses among 

these subjects (Takemori et al 1987). The results of the present study suggest that any disruption to 

the signal between the cerebellum and vestibular nuclei may diminish the effect of the velocity 

storage mechanism, reducing the time constant of the slow phase eye velocity and of the 

accompanying sensation. Modification of the VOR response by cerebellar lesions has been shown 

previously in the decerebrated cat (Carpenter 1972), in particular the low frequency gain is greatly 

reduced with less affect on the high frequency gain. Thus, the present (and previous studies) 

suggest that the cerebellum supports the activity of the brainstem and ocular integrators.
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3.6 Summary

The time constants of the post-rotatory slow phase eye velocity and sensation were significantly 

shortened among the patient groups in comparison to normal controls. The implication of these 

findings is that, among CN patients, ophthalmoplegia subjects and patients with lesions of the 

cerebellum, there is an attenuation of velocity storage. This results in a time constant that reflects 

the afferent signal of the vestibular nerve. In CN and ophthalmoplegia subjects the reduction in 

velocity storage is probably the consequence of excessive retinal slip; in individuals with cerebellar 

lesions it may be the result of a disruption in the signal between the vestibulocerebellum and the 

vestibular nuclei. In conclusion, the test described here is useful for the assessment of vestibular 

function - particularly for subjects in whom it is impractical to record eye movements.
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Chapter Four

ADAPTATION TO OSCILLOPSIA: 

AN INVESTIGATION OF TOLERANCE TO SELF-MOTION AND 

PSYCHOLOGICAL VARIABLES

4.1 BACKGROUND

The purpose of the vestibulo-ocular reflex (VOR) is to hold the direction of gaze stable in space 

during head movement with the ultimate aim of preserving clear vision (see chapter one for a 

more detailed description). It achieves this by driving the eyes in the opposite direction to head 

motion at a velocity and amplitude suitable to i stabilise gaze. Although the reflex is highly 

efficient the compensatory eye-movements produced do not completely prevent the movement of 

images across the retina. Thus, even normal, healthy individuals experience some displacement 

of retinal images (Steinman et al 1985). A small degree of retinal image motion, however, does 

not appear to degrade vision (Westheimer and McKee 1975, Steinman and Collewijn 1980) and 

in fact has been shown to be beneficial in that it provides important cues that are not always 

available in the environment (Kelly 1979, Skavenski et al 1979, Tulunay-Keesey and VerHoeve

1987). However, if the velocity of the retinal image motion is increased above the optimal level, 

which is dependent on factors such as background and self-motion, then a detrimental effect on 

vision becomes apparent (Barnes and Smith 1981).

In 1936 Brickner described a symptom commonly reported by multiple sclerosis patients during 

walking. He named it oscillopsia (oscillating vision) and today the term is used to refer to an 

illusionary movement of the visual world. The terms “jumbling” (Kamei and Takahashi 1991) and 

“apparent concomitant motion” (Post 1997) are also used in the literature to describe this 

percept. Patients may describe the illusion as either a “bobbing”, "dancing”, “jumping”, 

"shimmering” or “blurring" of a stationary fixated target (Bender 1965). Oscillopsia can result from 

a lesion located within the regions of the cerebellar or brainstem, or within the ocular-motor or
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peripheral vestibular systems. Patients with bilateral reduction of vestibular function, also known 

as labyrinthine defective patients (LD), are unable to use their deficient VOR to compensate for 

head movement which leads to poor image stabilisation on the retina and frequent reports of 

oscillopsia.

4.1.1 Adaptive changes that occur after loss of labyrinthine function

In LDs the development of alternative strategies is necessary in order to improve gaze during 

head movements. Dichgans et al (1973) reported the progress of four adult monkeys following 

bilateral vestibulectomy. They found gradual, but comprehensive (90%), recovery of 

compensatory eye-movements over a seven week period and proposed three underlying 

mechanisms: (1) potentiation of the cervico-ocular reflex (COR), (2) centrally controlled 

programming of compensatory eye-movements that occur in predictable movement situations 

(this remained even after cervical deafferentation and so was not thought to be due to peripheral 

feedback), (3) and finally, a recalibration of saccadic eye-movements in relation to retinal error in 

order to prevent gaze overshoot during combined head and eye movement. Similar mechanisms 

have been observed in human LDs (Gresty et al 1977, Kasai and Zee 1978).

4.1.1.1 Cervico-ocular reflex

Torsion of the neck stimulates cervical proprioceptors resulting in a reflexive movement of the 

eyes and this is known as the cervico-ocular reflex (COR). Under normal circumstances the COR 

is negligible (Dichgans et al 1973) and the reflexive movement produced is often anti- 

compensatory (Fuller 1980, Barlow and Freedman 1980) although this has been found to be less 

so at lower frequencies (Jurgens and Mergner 1989). The role of the COR in normal function is 

debatable but it has been suggested that it is latent in normal human adults who instead utilise 

the highly efficient VOR (Bronstein and Hood 1986, Fuller 1980, Bames and Forbat 1979). In 

LDs the COR is enhanced and is compensatory in phase allowing at least partial compensation 

for the loss of VOR (Chambers et al 1985, Bronstein and Hood 1986, Kasai and Zee 1978).

Bronstein et al (1995) reported the case of an LD who, over a period of seven months, regained 

considerable labyrinthine function. They measured the COR during this time and found an initial
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increase after loss of function but as labyrinthine function returned the gain of the COR 

decreased. Their findings suggest that vestibular activity may have an inhibitory effect on the 

COR.

The adequacy of the COR to compensate for the loss of VOR is questionable as this response 

has been found to be highly variable both within and between subjects (Kasai and Zee 1978, 

Barnes and Forbat 1979). This may, however, be a reflection of the different experimental 

techniques used (Bronstein and Hood 1986). The COR also exhibits low-pass characteristics 

(Huygen et al 1991) and, despite the finding of higher gains during head on trunk compared to 

trunk on head displacements, it has been suggested that it may not be effective at the higher 

frequencies of natural head movements (Bronstein and Hood 1986). Furthermore, there has 

been found to be no correlation between measured COR gain and self-reports of oscillopsia 

(Bronstein and Hood 1987).

4.1.1.2 Ocular-motor and perceptual adaptation

The optokinetic system is thought to work in conjunction with the vestibular system to stabilise 

images on the retina, particularly during head movements that contain an element of constant 

velocity angular rotation (see Zee et al. 1976). The optokinetic responses of LD patients have 

been investigated by numerous researchers with varying results. Gresty et al (1977) reported that 

two of the three LDs they tested had pursuit and VOR responses within normal limits. The third 

had enhanced responses and demonstrated smooth sinusoidal following up to 3 Hz (up to 2 Hz 

would be considered within the normal range). Enhanced OKN responses (compared to age- 

matched normals) were also found among 27 LDs tested by Huygen and colleagues (1989). 

They proposed that this enhancement was a compensatory mechanism brought about by the 

“intense optokinetic training” that LDs experience in everyday life. Such enhancement, however, 

is relatively rare and for many LDs the retinal slip and visual symptoms persist.

Conversely, Zee and colleagues (1976) examined three LDs and reported reduced responses to 

optokinetic stimulation that were more pronounced at the higher frequencies. They postulated 

that the vestibular and optokinetic systems operate as a unit: thus with the loss of labyrinthine 

function there is also a decrease in the transmission of the optokinetic signal resulting in a
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reduction in the OKN response. The concept of shared vestibular and optokinetic pathways was 

also proposed by Bles and co-workers (1984) to account for the depressed OKN responses that 

they observed among LDs.

An alternative explanation for the depression of OKN responses in LDs was proposed by 

Bronstein and Hood (1987). They claimed that reduced OKN responses were a consequence of 

“perceptual rearrangements” that enable individuals to ignore the unpleasant effect of image 

motion across the retina, with the ultimate aim of reducing oscillopsia.

More recently, Morland and colleagues (1998) have examined the visual responses of LDs to 

determine if adaptation to oscillopsia is mediated by changes in visual function. They observed 

that both self-motion and visual-stimulus motion resulted in a deterioration of spatial vision in LDs 

and from this concluded that spatial responses in LDs were determined solely by retinal slip. The 

authors did, however, observe that some LDs experienced a deterioration in visual velocity 

discrimination under conditions of self-motion. They concluded that this reduction of visual motion 

sensitivity represented a central form of adaptation to oscillopsia by increasing tolerance to 

retinal slip, although the intersubject variability serves to highlight the idiosyncratic nature of 

compensation among LDs.

4.1.2 Adaptation to oscillopsia in patients with congenital nystagmus

Congenital nystagmus (CN) is normally noted during the first few weeks of life or in infancy and 

usually consists of involuntary, horizontal and conjugate rhythmical movements of the eyes 

(Chavis and Hoyt 1995). Yet despite this, patients with CN rarely report oscillopsia (Gresty et al 

1984, Abel et al 1991). Examination of findings in CNs may improve our understanding of the 

possible adaptive strategies that could be used by LDs to reduce oscillopsia.

It has been proposed that CNs only sample visual input during foveation periods, when the 

velocity of eye movement is reduced, which results in enhanced visual acuity (Dell’Osso and 

Daroff 1975, Abel et al 1991). However, other researchers were unable to produce this effect 

experimentally in normals and concluded from this that the theory was unable to account 

adequately for the suppression of oscillopsia in CN (Bedell and Bollenbacher 1996).
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It has been suggested that the use of extra-retinal signals of eye position might be used to 

perceive correctly the location of targets in space which may, in turn, cancel out the effects of CN 

(Leigh et al 1988, Bedell and Curie 1993). This extra-retinal signal could be from a central copy 

of oculomotor output (also known as efference copy) or from orbital proprioception. Such a 

system should allow compensation for all types of nystagmus waveform (Goldstein et al 1992) 

and yet Dell’Osso and Leigh (1990) reported the onset of oscillopsia during an abrupt change in 

the nystagmus waveform. This suggests that the extra-retinal theory may be only a partial 

explanation for the suppression of oscillopsia in CN.

Raised visual motion thresholds have been proposed to be beneficial in the alleviation of 

oscillopsia in CN (Dieterich and Brandt 1987). Shallo-Hoffmann and colleagues (1998) found 

elevated visual motion detection thresholds for horizontal (but not vertical) motion detection. 

These findings persisted, however, even in the absence of nystagmus (i.e. during null periods) 

and so the authors concluded that although reduced motion sensitivity may contribute to the 

avoidance of oscillopsia there must also be additional adaptive mechanisms in operation. This 

conclusion was also reached by Bedell (1992) who postulated a possible mechanism whereby a 

CN subject’s criteria for the perception of amplitude and path of motion is altered. It is probable 

that more than one mechanism is used in the suppression of oscillopsia in CN and that there is 

individual variation in the predominant mechanism employed (Leigh et al 1988).

4.1.3 Ophthalmoplegia

Patients with opthalmoplegia could be expected to experience oscillopsia due to the 

inappropriate gain of their VOR and yet it is only often reported in the early stages of the disorder 

(Wist et al 1983). The suppression of oscillopsia in these subjects has been proposed to be the 

result of visual changes; specifically reduced sensitivity to visual motion (Wist et al 1983, Brandt 

and Dieterich 1988). Additionally there may also be a recalibration mechanism which serves to 

adjust the relationship between actual and expected retinal slip (Wist et al 1983, Brandt and 

Dieterich 1988). As such patients are, in general, able to tolerate oscillopsia they form a good 

comparison group for LDs and are perhaps more suitable than CNs who will, in most cases, have 

had longer to adapt to retinal slip.
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4.1.4 The influence of psychological and psychosocial factors

So far only physiological and perceptual adaptation have been considered. It is possible that 

adaptation to oscillopsia may be influenced by differences in health-related coping behaviour 

among patients. Factors such as hardiness (Pollock et al, 1990; Folkman 1984), illness 

acceptance and information seeking behaviour (Felton & Revenson 1984), perceived control 

over the illness (Wallston 1997) and degree of social support (Parkes 1986) have all been 

proposed to be important in adaptation to, and recovery from, a range of illnesses.

4.2 PURPOSE OF THIS STUDY

The principle behind the experimental set-up was to expose subjects to a combination of 

sinusoidal self and visual-stimulus motion with a maximum velocity of 50 deg/s. This velocity 

borders the breakpoint of the normal pursuit system (Barnes et al 1978). In such a situation 

would a subject prefer to use pursuit or VOR to view a colour video-image? As VOR can 

comfortably maintain clear vision at higher velocities than the pursuit system it is proposed that 

normals would utilise their VOR and thus choose greater self-motion than video-image motion. 

LDs, however, would rely on pursuit during both conditions and so, with regard to visual clarity, 

the degree of self-motion versus video-image motion would be arbitrary. The main reason for 

choosing less self-motion would be to reduce physical discomfort. However, LDs who complain 

more of oscillopsia may have a conditioned intolerance to the perception of oscillopsia during 

body movement and as such would prefer a situation with little self-motion. Additionally, a set of 

questionnaires was administered with the aim of identifying the effect of oscillopsia (including 

handicap) and the role of personality and cognitive factors in adaptation to oscillopsia.

4.3 MATERIALS AND METHODS

4.3.1 Subjects

The LD patient sample consisted of 12 LDs as determined by absent nystagmic responses on 

rotational (velocity step stimuli in darkness at +/- 60-80 deg/s) and bi-thermal caloric tests (30° 

and 44° C, with and without visual fixation). The aetiology of the vestibular lesion was idiopathic 

(n=8), bacterial meningitis (n=2), neurofibromatosis II with bilateral removal of acoustic neuroma
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(n=1) and idiopathic cerebellar-vestibular degeneration (n=1). There were 5 female and 7 male 

subjects with a mean age of 52.2 years (range 33 to 68). All subjects reported oscillopsia and the 

duration with this symptom ranged from nine months to 16 years. The large number of subjects in 

this study with labyrinthine failure of idiopathic origin is in agreement with previous studies in this 

unit (Rinne et al 1998) and this may reflect the nature of the patients seen in our tertiary referral 

neuro-otological clinic.

The ophthalmoplegia (OP) group consisted of four males and four females with a mean age of 

39.6 years (range 25 to 69). The aetiology of opthalmoplegia was myasthenia gravis (n=4) and 

chronic progressive external ophthalmoplegia (CPEO) (n=4).

Nineteen normal subjects with no history of labyrinthine, neurological, or visual abnormalities 

(with the exception of refraction defects) were used as the control group. These subjects were 

age and sex matched to the patient groups and consisted of nine female and ten male subjects 

with a mean age of 43.5 years (range 25 to 69). The mean age of the twelve normals matched to 

the LD group was 51.3 years (range 32 to 69). The control group for the ophthalmoplegia group 

had a mean age of 39.9 years (range 25 to 69).

4.3.2 Psychophysical study 

Test set-up

The subject sat upright in a motorised Barany chair in front of a screen onto which was projected 

a colour image of the laboratory background which was acquired by a video camera viewing 

through a mirror galvanometer (figure 4.1). The chair and visual image were sinusoidally 

oscillated in counter-phase with variable amplitudes which could be adjusted in linear 

proportionality by a three-turn potentiometer so that their relative motion (viewed by the subject) 

was always 50 deg/s peak (see figure 4.2). The subject adjusted the potentiometer (the end

points could be altered to correspond to either maximum chair or maximum video-image motion) 

to control the relative amount of chair and video-image motion. The subject wore modified 

spectacles to vignette the image and remove earth-fixed cues. Clamps were used to fix the head 

and the knees in an attempt to reduce physical discomfort during self-motion.
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Video projector

Mirror __ '" -.
galvanometer \_ A  * ------ ' Video camera

Projectioi^creen

Figure 4.1: Experimental setup

Chair velocity was transduced via the motor tachometer. The video-image velocity was 

determined by the output of the galvanometer. Recordings of head velocity were recorded with a 

‘Watson’ angular rate sensor. Electro-oculography (EOG) recordings were made using bi

temporal DC coupled electrodes and the signal was filtered at 70 Hz. All signals were fed to a 

computer (sampled at 250 Hz) for off-line analysis. Additionally, the chair and visual stimulus 

velocities (as chosen by the subject to achieve the most comfortable viewing conditions) were 

recorded separately using a Schlumberger (SI 1220) FFT spectrum analyser. This was to allow 

precise calibration of frequencies and amplitudes and also to enable the experimenter to monitor 

the subject’s responses during the test.

Visual
Stimulus (V) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■  ■ ■ ■ ■ ■ ■ ■ « » ■  « ■ ■ > ■ > ■ ■ ■ ■

Figure 4.2: Diagram of the experimental protocol. When the video image was moving at maximum velocity, the chair 
was still. As the patient turned the potentiometer, the velocity of the visual image would decrease and the chair would 
begin to move. The summation of the chair and visual image motions was equal to 50 deg/s.

Chair (C)
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Procedure

Each trial began with either total chair or total video-image motion and the choice of initial setting 

was counterbalanced. The subject’s task was to choose the potentiometer setting (the ratio of 

self versus video-image motion) which produced a visual image that was comfortable to view. 

When the subject had obtained this setting they indicated verbally to the experimenter who 

pressed a button connected to the computer to indicate this point in the trial. The task was 

repeated for 12 trials.

4.3.3 Questionnaires

A questionnaire was designed for this study to enable the quantification of symptoms of balance 

disorders (including oscillopsia) and handicap. Handicap was defined as the degree of disruption 

to daily life and social activities. A patient’s reported handicap is thought to give a clearer 

indication of the impact of an illness on their life than could be obtained from a description of their 

impairment or disability alone (WHO 1980). The handicap subsection consisted of questions 

related to the patient’s ability to perform various activities, for example, “driving along a bumpy 

road” or “recognising faces while moving". The validation of this questionnaire is reported in 

Appendix Two.

Six additional standardised questionnaires (see table 4.1) were also administered to the LD 

group and were aimed at identifying the role of personality, cognitive and lifestyle factors in 

adaptation to oscillopsia. These questionnaires are described in more detail in Chapter Five.

Questionnaire Authors Purpose

Vertigo Symptom Scale Yardley 1992 Symptoms observed in patients with vertigo

Recovery Locus of Control Scale Partridge & Johnston 1989 Extent of perceived control over illness

Hospital Anxiety & Depression Scale Zigmond & Snaith 1983 Quantify anxiety & depression

Rosenberg Self Esteem Scale Rosenberg 1967 Selfesteem

Life Orientation Test Scheier& Carver 1987 Optimism-anticipating favourable outcomes

Eysenck Personality Questionnaire Eysenck 1975 Extroversion/introversion and neuroticism

Table 4.1 Questionnaires used in the study
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4.3.4 Data analysis

All reported measurements correspond to the moment when the subject indicated the best 

perceived visual image. The mean velocity of the chair and visual stimulus motions were taken 

from a five-second average calculated during the experiment (by the Schlumberger spectrum 

analyserJ.The velocities of the head and eye movements were calculated using an in-house 

analysis program. The rate meter gave a velocity signal and so it was possible, after inputting the 

calibration figure, to measure the peak to peak velocity without additional analysis of the data. 

The EOG was a position signal and it was necessary to perform the following procedure in order 

to obtain the velocity measurement. A five point moving average smoothing technique was 

applied and then the data was differentiated using a two point central difference algorithm (for a 

reference of this technique see Bahill et al 1982). Next the data was desaccaded and the whole 

wave was rectified. An average of the eye velocity over a two-second period (at the point 

indicated as the best perceived visual image) was calculated and this measurement was used in 

the subsequent analysis. Retinal slip was calculated by subtracting the eye velocity from the 50 

deg/s of the summated chair and visual stimulus motion.

4.4 RESULTS

4.4.1 Distribution of data

Figure 4.3 shows examples of the raw data obtained from each group. It can be seen from these 

examples that the groups differed in terms of their preferred settings, with the normals choosing 

the most chair motion and the LDs the least chair motion.

The distributions of the data were examined using histograms (figure 4.4) and kurtosis and 

skewness tests. It is of course difficult to determine the normality of the data with so few subjects; 

but the standard errors for the kurtosis and skewness tests were all in the region of -2 to +2 

which suggested that the data was roughly normally distributed . As such, parametric tests were 

employed.
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Figure 4.3: Examples of raw data obtained from a labyrinthine defective subject (A), a normal control (B) and an 
ophthalmoplegia subject (C). The marker channel indicates the point of the best perceived visual image as chosen by 
the subjects. It can be seen that, at this point, the subjects differ in their preferred degree of chair motion.
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Figure 4.4: Histogram representing the distribution o f the chair settings across the groups
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4.4.2 Preliminary analysis

A comparison was made of the two subgroups of controls (using an independent t-test) and there 

were found to be no significant differences between them in terms of chair settings (t=-.672, 

df=18, p=.510) or retinal slip (t=-.150, df=18, p=.616). Thus for later analysis the two groups were 

combined and treated as one group.

The OPs had separate recordings for each eye which were categorised as the better and worse 

eye on the basis of clinical diagnosis by a consultant. Using a paired t-test it was found that the 

viewing eye (classified as better or worse) did not significantly affect the choice of chair settings 

(t=2.45, df=6, p=.989) and thus in the subsequent analysis the chair settings were not divided 

according to viewing eye. Comparisons were, however, made between the retinal slip data of the 

better and worse eyes for these subjects as these were found to be significantly different (t=- 

7.06, df=7, p<.01). The retinal slip reported for the controls and LDs corresponds to bi-temporal 

EOG recordings.

4.4.3 Psychophysical data

The means and SD for the chair and video image settings and for the retinal slip can be seen in 

figure 4.5. It is suggestive from this data that the groups differed in both the degree of chair 

motion tolerated and in measured retinal slip.

The chair settings (it was not felt necessary to include the visual stimulus data) and retinal slip 

data were examined by analysis of variance to determine the effect of group and sex (see table

4.2). Significant differences were found between the groups in both retinal slip and chair settings. 

Tukey post hoc tests were performed to identify which groups differed on these variables (table

4.3). The LDs preferred significantly less chair motion than the controls (p<.01). The chair 

settings for the OPs were not significantly different from either the controls (p=.202) or the LDs

(p=.122).
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BS Normal controls 

■  OP - better eye 

□  OP - worse eye 

IS LD patients

Chair motion Video image motion Retinal slip

Figure 4.5: Mean and one SD of chair motion, video image motion and retinal slip for the labyrinthine defective 
subjects (LD), normal controls and ophthalmoplegia patients (OP). The data for the OP subjects is displayed 
according to the better and worse eye.

Examination of the analysis of variance and the post hoc tests also revealed that the LDs had 

greater measured retinal slip than the controls (p< 01). When the retinal slip of the worse eye of 

the OPs was used for comparison there was not a significant difference from the LDs; but there 

was significantly more retinal slip in comparison to controls (p<01). The OPs did not differ 

significantly from either of the other two groups when the retinal slip of the better eye was used 

for comparison (see table 4.3). There was not found to be a significant effect of sex and the 

interaction between sex and group was also non-significant (table 4.2).

F Sig
Sex by chair .175 .678
Sex by better eye .010 .921
Sex by worse eye .056 .814

Group by chair 8.982 **.001
Group by better eye 6.608 **.004
Group by worse eye 13.368 **.000

Sex by group by chair 3.187 .054
Sex by group by better eye .768 .472
Sex by group by worse eye .506 .608

Table 4.2 Summary of ANOVA for chair and retinal slip (better or worse eye) according to sex and group
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Mean difference Std. Error Sig
Chair settings

Controls by LD 15.10 3.33 *.000
Controls by OP 6.67 3.81 .202
LD by OP -8.42 4.16 .122

Retinal slip in better eye
Controls by LD -9.06 2.45 *.002
Controls by OP -6.03 2.81 .095
LD by OP 3.02 3.06 .590

Retinal slip in worse eye
Controls by LD -9.49 2.48 *.001
Controls by OP -13.33 2.84 *.000
LD by OP -3.84 3.09 .438

‘ Significant at the .05 level “ Significant at the .01 level Labyrinthine defective (LD) Ophthalmoplegia (OP)

Table 4.3 Summary Tukey post-hoc tests for chair and retinal slip according to group

4.4.4 Questionnaire analysis

The OPs and 11 of the 12 LDs completed a booklet of questionnaires with the aim of identifying 

possible personality or psychosocial variables that might influence adaptation to oscillopsia. Due 

to the nature of the data (it was ordinal as opposed to interval) and the limited number of 

subjects, the analysis was conducted using Spearman's ‘r’ correlation coefficient for ranked data. 

Separate correlation matrices were calculated for the LDs (table 4.4) and OPs (table 4.5).

Among the LDs there was found to be a significant negative correlation between self-reports of 

handicap and retinal slip (rs=-.674, p<.05) thus subjects with greater retinal slip reported less 

disruption of their daily and social activities (figure 4.6A). Preference for self versus video-image 

motion was not significantly correlated with either retinal slip (rs=-.182, p=.593) or with reports of 

handicap due to oscillopsia (rs=.176, p=.606) (figure 4.6B and 4.6C). There was not a significant 

relationship between degree of reported handicap and age (rs=-.241, p=.476) or length of time 

since the onset of the disorder (rs=-.204, p=.547).
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CHAPTER FOUR: ADAPTATION TO OSCILLOPSIA

Greater handicap scores were also found to relate to a strong external locus of control (rs=-.663, 

p<.05). Individuals with a strong internal locus of control were found to be more optimistic 

(rs=817, p<.01) and to have greater self-esteem (rs=691, p<.05). Individuals who had high 

optimism scores reported less anxiety (rs=-.687, p<.05), neuroticism (rs=-.874, p<.05) and 

autonomic symptoms (rs=-.690, p<.05).

For the eight OPs there were found to be no significant correlations between reports of handicap 

and any of the other variables. This is perhaps not surprising considering that only two of the 

eight OPs reported oscillopsia (i.e. six subjects reported no handicap). The OPs with greater 

retinal slip (in the worse eye) reported lower self-esteem (rs=755, p<.05). There was also found 

to be significant correlation between age and choice of chair settings (rs=810, p<.05) with older 

subjects choosing greater chair motion. Reports of anxiety and depression were correlated with 

each other (rs=940, p<.01) and the more anxious individuals reported less optimism (rs=-.841, 

p<.05).

4.5 DISCUSSION

Oscillopsia is a distressing and disabling symptom frequently observed in LD patients and 

occasionally reported by ophthalmoplegia (OP) patients. Adaptation to this symptom does, 

however, vary between patients and the aims of the present study were to: I) determine whether 

complaints of oscillopsia were related to an intolerance to this percept during self-motion; II) 

examine the influence of psychological and personality factors on adaptation to oscillopsia. The 

present study did not establish any significant relationship between age or length of time since 

the onset of the disorder and the degree of reported handicap due to oscillopsia. However, 

Bronstein and Hood (1987) observed a trend for older subjects with recent vestibular loss to 

report greater oscillopsia in a study with eight subjects aged 17 to 73 years (oscillopsia from 6 

months to 35 years). Thus the discrepancy between their findings and the present results may 

be related to different age ranges.

LD subjects

Normal subjects chose potentiometer settings with greater self-motion than video-image motion. 

Thus they performed as expected - choosing to utilise VOR over pursuit. LDs preferred less self
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motion, although the degree of preferred chair motion was not correlated with retinal slip or with 

reported handicap. The LDs may have chosen less self-motion simply to minimise body 

discomfort during the experiment, but against this argument is the finding that they chose some 

degree of body motion. At 50 deg/s retinal slip would be induced in the LDs regardless of 

whether they or the video-image moved. Thus, choosing some degree of self-motion indicates 

that movement of the video-image alone must have been uncomfortable to view. It could 

therefore be argued that LDs chose to move themselves slightly in order to increase visual 

comfort. This is suggestive of an increased tolerance to retinal slip during self-motion.

In concordance with previous work, normal subjects in this study still experienced a degree of 

retinal slip (approximately 5 deg/s) even under the best viewing conditions of the experiment. It is 

known that a small degree of retinal slip (up to approximately 100’arc/s) is crucial to maintain a 

clear visual image as it provides important cues about the visual environment and may benefit 

clear vision by preventing retinal images from fading (Kelly 1979, Skavenski et al 1979, Tulunay- 

Keesey and VerHoeve 1987). Steinman and Collewijn (1980) asked subjects to fixate on a 

stationary distant target (5,000 to 35,000m) and to actively oscillate their head about the vertical 

axis (the rotations were between 0.25 and 5 Hz). They found mean retinal slip of around 4 deg/s 

(SD 3.9) and, even with this degree of slip, vision was subjectively reported to be stable, clear 

and fused.

In this study the retinal slip of LDs was significantly larger than that of normals, even under the 

best viewing conditions. This explains why a number of the LDs commented that, even with the 

settings they chose, the visual image was not perceived as a clear image. This is not a surprising 

finding given that the LDs were unable to utilise the VOR but it does highlight that, for these 

subjects, there was not enhancement of the pursuit system.

For the LDs greater retinal slip was correlated with reduced reports of handicap. This finding is 

initially counter-intuitive (it would be reasonable to expect increased handicap with greater retinal 

slip) but it does provide further evidence for non-enhancement of pursuit. Previous researchers 

have found improved pursuit in LDs (Gresty et al 1977, Huygen et al 1989) and proposed that 

this might be a mechanism of adaptation to oscillopsia. If that had been the case in this study 

then the LDs who reported less handicap should have demonstrated less retinal slip.
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An alternative explanation for an adaptation to oscillopsia could be a reduction in visual motion 

sensitivity as proposed by Morland and colleagues (1998). They measured the velocity 

discrimination of four LDs under static and self-motion conditions and found that two subjects 

had normal, and two had reduced, velocity discrimination. Similar results were found among a 

sample of 11 LDs for the detection of both vertical and horizontal moving gratings (Shallo- 

Hoffmann and Bronstein 1998). These raised visual motion detection thresholds have been 

interpreted as an adaptive compensatory mechanism aimed at reducing oscillopsia. This 

interpretation has been applied to other groups, such as congenital nystagmus and oculo-motor 

palsies, to account for the rarity of oscillopsia as a symptom among these patients (Dieterich and 

Brandt 1987). Additionally, there may be a recalibration mechanism which serves to adjust the 

relationship between actual and expected retinal slip (Wist et al 1983).

Greater reports of handicap were also found to relate to a strong external locus of control. Thus 

LDs for whom higher handicap scores were observed were found to view their illness as being 

outside of their control and not as something that they could actually influence. It is probable then 

that these individuals would not take an active role in their recovery and might even avoid 

carrying out the rehabilitation exercises prescribed by their clinician because they would be 

sceptical about the efficacy of such a programme. This is an interesting finding because it is 

widely held that adaptation to vertigo (Cooksey 1945) and adaptation to prisms in VI nerve palsy 

patients (Shallo-Hoffmann et al 1996) requires repeated exposure to perceptually incongruent 

situations. Thus subjects who question the benefit of their participation in rehabilitation programs, 

and who subsequently adopt avoidance strategies, could hinder the development of 

compensatory mechanisms. This in turn could increase, or at least prevent reduction of, 

handicap.

Finally, LDs with greater optimism scores were found to report less anxiety, neuroticism and 

autonomic symptoms. It has been proposed that neuroticism is related to an easily aroused 

autonomic system (see Liebert and Spiegler 1994) and that the reporting of autonomic symptoms 

could be due to over-attendance to this system and to emotional state (Yardley 1994). Thus 

those individuals who reported greater optimism could be viewed as less anxious, more 

emotionally stable or more “positive” in their outlook.
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Ophthalmoplegia subjects

The settings chosen by the OPs were not found to differ significantly from either the LDs or the 

controls. The absence of a significant difference between the choice of chair settings for the 

better and worse eye is suggestive of adaptation to oscillopsia during self-motion.

The OPs did not differ significantly from either of the other groups with regard to the retinal slip 

observed in their better eye. The retinal slip for this eye was midway between those observed for 

the LDs and the normals. When the OPs’ worse eye was used as the comparison the retinal slip 

was found to be significantly different from the normals but not from the LDs. Thus the retinal slip 

in this eye could be classed as abnormal in that the velocity recorded was similar to that seen in 

the LDs. It is known that, in monocular palsy patients, motion perception thresholds are raised in 

both the affected and unaffected eyes but that the deficit is greater in the affected eye (Brandt 

and Dieterich 1988). These authors proposed that this could account for the suppression of 

oscillopsia in their patients and the same may apply to the subjects in the present study.

For the OPs there were found to be no significant differences between reports of handicap and 

any of the other variables examined. This is not surprising since only two of the eight subjects 

reported experiencing oscillopsia and so six of the subjects reported no handicap. The handicap 

scores for the two other subjects were much lower than observed for the LDs. Thus the OPs did 

not tend to complain of oscillopsia which is line with previous reports (i.e. Brand and Detroit 

1988).

It was found that the older OPs chose settings with greater chair motion than the younger 

subjects although with so few participants this may be a chance finding. It could, however, be 

due to an age-related decline in pursuit mechanisms which made tracking the visual stimulus 

more difficult for the older subjects (Sharpe and Sylvester, 1978). Finally, as observed with the 

LDs, there was a relationship between greater optimism and reduced anxiety scores.
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4.6 SUMMARY

The findings of this study show that normals prefer to utilise VOR rather than pursuit when 

viewing a moving video-image. LDs, however, would choose little self-motion even though they 

would be relying on pursuit regardless of the degree of movement. Furthermore, the retinal slip 

they experience under such conditions is significantly more than that experienced by the healthy 

age-matched normals, which reflects their loss of VOR. The OPs did not perform as the normals 

but they were also not significantly different from this group. They tended to compromise 

between visual stimulus motion and self-motion when choosing their ideal setting.

In summary, the results of this study suggest that, among LDs, there may be a change in visual 

processing that enables the reduction of oscillopsia and thus limits the handicap experienced. 

However, the results also demonstrate that cognitive factors, such as locus of control, have an 

important role in patients’ approach to their illness and their potential adaptation to that illness. 

Participation in rehabilitation programmes is important because it is widely held that adaptation to 

vertigo (Cooksey 1945), and adaptation to prisms in VI nerve palsy patients (Shallo-Hoffmann et 

al 1996), require repeated exposure to perceptually incongruent situations. Thus subjects who 

question the benefit of their participation in rehabilitation programs and who subsequently adopt 

avoidance strategies could hinder the development of compensatory mechanisms. This in turn 

could increase, or at least prevent reduction of, handicap.
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Chapter Five

COPING AND ADJUSTMENT IN CONGENITAL NYSTAGMUS 

AND VESTIBULAR DISORDER PATIENTS

5.1 BACKGROUND

The literature in the field of coping is both vast in size and diverse in focus and for this reason the 

following review will be selective in its critique. Major themes in coping research include the 

examination of stress per se (Folkman 1984, Folkman et al. 1986), coping in occupational 

contexts (Parkes 1986) and, more relevant to this study, coping in relation to health and illness 

(Felton and Revenson 1984, Wright, 1990).

Definitions of coping are variable reflecting both the area being examined and the personal 

beliefs of the researchers. In everyday language to cope implies an encounter with a successful 

outcome (Cassell’s English Dictionary 1969) and this definition is used by some researchers (i.e. 

Pinkerton et al. 1985). However, the stance taken by Folkman (1984) is commonly accepted and 

is the definition that has been adopted for the present study. In Folkman’s terms “coping refers to 

cognitive and behavioural efforts to master, reduce, or tolerate the internal/external demands that

are created by the stressful encounter defined independently of its outcome”. Thus the

outcome is not inherent upon any given coping process/strategy although the implication of this 

definition is that coping is a problem-solving, as opposed to a problem-generating, procedure 

(Schonpflug and Battmann 1988). A further distinction can be made between coping behaviour (a 

specific action or cognition) and coping style defined as a collection of coping behaviours (see 

Ferguson and Cox 1997).
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5.1.1 The nature of coping

Coping can be seen as having broadly two functions; management of external/environmental 

aspects (problem-focused coping) and the regulation or control of the affective consequences 

(emotion-focused coping) (Folkman 1984; Folkman et al. 1986; Bombardier et al, 1990). Some 

researchers have suggested that the use of emotion-focused coping is associated with poor 

adjustment to illness whereas the opposite can be said for problem-focused coping (Felton and 

Revenson 1984; Bombardier et al. 1990). Others argue, however that this dichotomy is too 

simple a distinction and that scales such as the Ways of Coping (Folkman and Lazarus 1980) 

form several factors that are inversely correlated and thus distinct (Carver et al. 1989).

An alternative to the bi-functional approach is to view coping in terms of individual dimensions or 

themes. The COPE inventory (not an acronym) designed by Carver et al. (1989) incorporates 13 

dimensions or sub-scales (see table 5.1) which assess not only active approaches to coping but 

also responses that could impede successful adjustment. Examples of such responses include 

behavioural disengagement (reducing one’s effort to deal with the stressor) and mental 

disengagement (avoiding thinking about the effects of the stressor).

COPE scales

Active coping 
Planning
Suppression of competing activities 
Restraint coping
Seeking social support - instrumental
Seeking social support - emotional
Positive reinterpretation and growth
Acceptance
Turning to religion
Focus on and venting of emotions
Denial
Behavioural disengagement

 Mental disengagement______________________
Table 5.1 The subscales of the COPE inventory (from Carver et al. 1989)

From their work with surgical (hernia) and breast cancer patients Ray et al. (1982) developed a 

schema of coping orientations which they classified into six themes ordered along the 

dimensions of control/helplessness and defensiveness (the degree to which a person accepts or
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disowns the threat). These themes are rejection (the person views himself as a victim), control 

(person viewed as an agent), resignation (powerless), dependency (powerless as an individual 

but with the option of support from social/external resources), avoidance (postponement of 

confrontation) and minimisation (the person is secure/no perceived threat). An individual may 

employ any combination of these strategies to deal with a particular event or situation and 

effective coping is seen to require flexibility in the choice of strategies.

Drawing on the responses of 78 women with breast cancer Taylor (1983) identified three themes 

in cognitive adaptation to illness. These are: 1) the search for meaning using attribution in order 

to understand why something has occurred (this is likely to be accompanied by a reassessment 

of one’s beliefs/attitudes); 2) gaining a sense of mastery in order to regain a sense of personal 

control over one’s body and life; and 3) the process of self-enhancement to restore self-esteem 

and a sense of worth (as a reduction in self-regard is known to follow threatening events). Taylor 

maintains that illusions (beliefs without a factual basis) have a central role to play in this 

adaptation process and that this may be essential for effective coping.

Wright (1990) argues that coping is not a unitary construct and proposes a theoretical model 

incorporating two levels of outcome: primary and higher-order. Primary outcomes are specifically 

related to the illness and consist of acceptance of illness, adaptation to illness and adherence to 

treatment. The level of higher order outcomes are more general outcomes that are not 

specifically illness related in themselves but which one could expect to be influenced by illness. 

Examples are subjective well-being and self-perceived health status. This model is interesting in 

that it does not promote a global or all-inclusive approach (which would do little to further our 

understanding of causal processes) and as such encourages the analysis of a range of variables 

in the context of a specific illness.

5.1.2 Criticisms of previous approaches

Despite the diversity of approaches to coping research there are a number of criticisms that can 

be levelled at the theories and dimensions that have emerged.
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Firstly, it is important to determine whether researchers are operating within the same definition 

of coping and this should be borne in mind when examining the interpretation of results. 

According to Ray et al. (1982) theories or classification systems should ideally be generalisable 

across a number of contexts. This, however, is disputed by other researchers who claim that 

such “global assessments" do little to further our understanding of adjustment to a particular 

illness and thus the use of illness-specific measures might be more appropriate (Wright 1990, 

Newman, 1990).

A further criticism is that theories should be dynamic to take account of the changes that occur 

with time. Firstly the course of an illness may change over time thus altering the nature of the 

stressor and requiring adaptability on the part of the individual in order to deal with the situation 

(Edwards and Cooper 1988). There are also likely to be changes in emotion with time (for 

example feelings of anger may subside) and as individuals learn new ways of managing illness 

there may also be an increase in their repertoire of coping skills (Newman 1990). Furthermore, 

the passage of time may influence the causal direction of factors and so models of ongoing 

illness (where there is no single stimulus-response situation) need to emphasise the possible bi

directional influences that can occur when “feedback cycles” develop (Wright 1990; Newman 

1990).

Finally, present models have been criticised for not paying enough attention to external, social 

and cultural influences. Critics argue that all responses take place within a social and cultural 

context which may have a modifying effect on cognitions and the use of coping strategies 

(Newman 1990; Edwards and Cooper 1988). The importance of social support in relation to 

health and coping behaviour has been demonstrated in numerous studies (for a review see 

Cohen and Ashby Wills 1985). Social support can be defined as “the existence or availability of 

people on whom we can rely, people who let us know that they care about, value and love us" 

and is thought to be beneficial in two ways (Sarason et al. 1983). Firstly it contributes to positive 

adjustment and enables personal development and secondly it acts as a buffer against the 

effects of stress. Wright (1990) also emphasises the importance of personality characteristics 

and personal resources (e.g. optimism) and argues that these areas have often been neglected 

in coping research.
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5.1.3 Previous studies with vestibular subjects

For over one hundred years clinicians have recognised the relationship between balance 

symptoms and anxiety. Benedict (1870) coined the term “platzschwindel" (space dizziness) to 

describe agoraphobia and attributed it to eye muscle dysynchrony. Furthermore, it is well 

documented that vestibular disorders are often accompanied by anxiety (Woakes 1880; Pratt and 

McKenzie 1958; Eagger et al. 1992; Yardley 1992). In an examination of 62 patients Hallam and 

Stephens (1985) found that phobic and somatic anxiety were related to complaints of dizziness 

but not to objective test measures; a claim echoed by other researchers (i.e. Yardley et al. 1992).

In a review of the psychiatric aspects of vertigo Trimble (1984) emphasised the importance of 

personality characteristics and situational factors in both the assessment and implication of 

vestibular disorders. In a study by McKenna et al. (1991) 42% of their sample of 120 neuro- 

otological outpatients were classified as being “psychologically disturbed” as determined by an 

interview with a clinical psychologist. The ratings of disturbance were made on a three-point 

scale (none/mild/severe) and anyone rated as severe was categorised as being psychologically 

disturbed. It may be argued that this classification method was too simple to account for the 

complex relationship between psychological factors and vertigo.

Brandt has described a syndrome characterised by vertigo with subjective postural and gait 

instability accompanied by a fear of impending death (Brandt 1990,1991). It is known as phobic 

postural vertigo and is distinguishable from agoraphobia (fear of open spaces) and acrophobia 

(fear of high places) in that the patients feel physically ill and complain of vertigo but not anxiety 

(the absence of anxiety and panic attacks is an essential component of Brandt’s classification). In 

a study of 154 patients it was reported that phobic postural vertigo was either initiated by or 

followed an acute vestibular disorder in 21% of cases (Brandt 1996) but that the organic and 

psychogenic disorders were distinct. However, it is difficult to clearly distinguish between true 

psychogenic and organic disorders; clinical vestibular tests examine only horizontal semi-circular 

canal function and psychiatric symptoms frequently supplement organic dysfunction (Bronstein et 

al 1997).

Numerous criticisms have been levelled at research investigating the relationship between 

psychological factors and vestibular disorders. Foremost is the inappropriate use of control
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groups in the majority of studies (Crary and Wexler 1977) although it has been suggested that 

the degree of matching required (i.e. matching the severity/frequency of vertigo and accounting 

for associated symptoms such as hearing loss) is almost impossible to achieve (Yardley 1994). 

Another major criticism is the problem of cause and effect where psychological factors are often 

cited as causal although alternative explanations could be offered (Yardley 1994). Finally, the 

majority of research has been conducted post hoc which means that it is difficult to determine 

direction of causality.

Much of the research examining psychosocial functioning in vestibular patients has been 

conducted by Yardley. From this work Yardley has developed the Vertigo Symptom Scale 

(Yardley et al, 1992) to allow the quantification of symptoms and the Vertigo Handicap 

Questionnaire (Yardley and Putman 1992) to assess the perceptions and psychosocial 

consequences of vertigo. The use of coping skills were also examined (using the Ways of 

Coping Checklist) and there was found to be a tendency towards emotion-focused coping that 

was not found to be beneficial in the long-term (Yardley 1994). The finding is perhaps not 

surprising when you consider that, among vertigo sufferers, physical activity is often seen to 

induce episodes of vertigo and as such is often avoided.

5.1.4 Research in subjects with congenital nystagmus (CN)

There has been little research in the area of psychologial and psychosocial functioning in 

individuals with congenital nystagmus. Research with school children has shown that children 

with congenital nystagmus are more likely to have deficits in certain aspects of information 

processing such as memory or abstraction (Richter et al 1980). The same researchers also found 

differences in the cognitive processing of adults with congenital nystagmus (Sprung et al 1980). 

Piper (1991) examined the effect of visual disturbances such as nystagmus on loss of potential 

earnings but research in the areas of personality and social interaction is sparse.

5.2 FOCUS OF THIS STUDY

This study aimed to incorporate Wright’s (1990) concept of adjustment to illness by examining 

primary and higher-order outcomes in patients with CN or vestibular disorders. In addition,
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external factors such as social support and demographic factors were also examined along with 

variables reflecting personal resources such as optimism and personality factors. The variables 

examined were ordered under the following headings: coping strategies, primary outcome 

measures, higher-order outcome measures, personality and personal resources, and 

external/social variables. In summary, the general aim of this study was to develop a more 

comprehensive picture of the coping behaviour of subjects with disorders of spatial orientation.

5.3 METHODS

5.3.1 Subjects

The subjects for this study were 116 patients with varying aetiologies who attended the 

department for consultation. The subjects were divided into two groups (see table 5.2a).

The vestibular group consisted of 91 patients who, according to their referral letter and/or 

reported symptoms during initial interview, experienced vertigo, dizziness or general 

unsteadiness. As table 5.2b shows there were 34 males (mean age 50.1; range 19-73) and 57 

females (mean age 45.0; range 16-75).

Group n
Vestibular

Dizzies (general vestibular type symptoms) 51
Labyrithine defective 23
VIII nerve section 7
BPPV 5
ME 5

91

CN
Congenital nystagmus 25

Table 5.2a Classification of patients according to group
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Vestibular CN

Male Female Male Female

n 34 57 16 9
mean 50.1 45.0 40.13 40.56
range 19-73 16-75 26-62 28-59
n 91 25
mean 47.5 40.3
range 16-75 26-62

Table 5.2b Mean ages of subjects as a function of group and sex

The CN group consisted of 25 patients. The diagnosis was established by a history of nystagmus 

since childhood, the absence of labyrinthine/neurological disease, and eye movement recordings 

with typical CN waveforms. Eye movement recordings were made with EOG or infra-red 

reflection oculography (IRIS, Skalar, Delft), most patients having both recordings taken. There 

were 16 males (mean age 40.1; range 26-62) and nine females (mean age 40.6; range 28-59). 

Since the subjects in this group had been diagnosed since early childhood they should have had 

a greater degree of adaptation to the symptoms and consequences of their disorder.

5.3.2 Materials

The patients were asked to complete a booklet of questionnaires. The questionnaires that were 

specifically designed or adapted for use in this study can be found in Appendix Three. The 

remaining questionnaires were standardised and the reader is directed to the relevant references 

cited in the text.

5.3.2.1 Coping strategies

Ways of Coping Checklist (WOCC, Foikman and Lazarus 1980)

The WOCC was designed to assess cognitive and behavioural coping strategies. The version 

used in this study consisted of 61 items and scoring was on a five point scale. The purpose of 

this study was to examine the structure of coping in patients with spatial disorientation and so, 

rather than use the factor structures derived by other researchers, a factor analysis was 

conducted. Principal components analysis with varimax rotation was employed. A scree plot and
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an eigenvalue greater than 1 were used to determine how many factors to retain. The six factors 

that were retained accounted for 39.1% of the variance and were labelled; fantasy and wishful 

thinking, positive thinking, self-blame, advice seeking and social reference, cognitive avoidance 

and instrumental self-help (table 5.3). For the CN group the word "vertigo” was replaced by 

“nystagmus”.

5.3.2.2 Primary outcome measures

Vertigo Symptom Scale (Yardley 1992)

This scale is comprised of 36 symptoms frequently observed in patients with vertigo and enabled 

classification of the patients’ symptoms. Subjects rate their answers using a five point scale (from 

never to very often) and the answers are scored according to four sub-scales. These relate to 

acute episodes of vertigo, short episodes of vertigo, autonomic symptoms and somatisation.

Vertigo Handicap Questionnaire (Yardley 1992)

For the assessment of common perceptions and psychosocial consequences of vertigo. 

Classifying a patient’s degree of handicap is thought to give a clearer indication of the impact of 

the illness on their life than could be obtained from a description of their impairment or disability 

alone (WHO, 1980). The questionnaire requires subjects to rate their answers on a five point 

scale (never to always) - higher scores indicating a greater degree of reported handicap (the 

maximum score is 100).

5.3.2.3 Higher-order outcome measures

Hospital Anxiety and Depression Scale (HAD, Zigmond and Snaith 1983)

This scale consists of fourteen items producing separate scores for anxiety and depression. It 

was designed to detect anxiety and depression in a physically ill population and to reduce bias 

due to overlap between the somatic symptoms of a psychological disorder and the symptoms of 

physical disease. Thus the HAD asks only about psychological symptoms occurring over the past 

week and subjects are required to answer on a four-point scale. The higher the score the greater 

the level of anxiety or depression. In this study a cut-off score of 11 was used as the indicator of 

clinically significant anxiety or depression.
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Factor 1: Fantasy and wishful thinking Factor
Eigenvalue: 6.6; % Variance: 10.9 loading
Felt bad that I couldn’t avoid the problem .705
Prayed .606
Had fantasies or wishes about how things might have turned out .589
Hoped a miracle would happen .543
Hoped that a cure or a new treatment would become available .536
Wished that the situation would go away or somehow be over with .507

Factor 2: Positive thinking
Eigenvalue: 5.1; % Variance: 8.4
Concentrated on something good that could come from the whole thing .653
Felt like I changed or grew as a person in a good way .647
Talked to someone other than a doctor who could do something concrete about the problem .589
Rediscovered what is important in life .527
Got away from it for awhile .517
Remembered when my life was more difficult .506

Factor 3: Self-blame
Eigenvalue: 3.8; % Variance: 6.2
Blamed myself .701
Avoided being with people in general .699
Criticised or took it out on myself .631

Factor 4: Advice seeking and social reference
Eigenvalue: 3.1; % Variance: 5.2
Faced the situation head on .726
Saw the doctor and did what he recommended .611
Thought about people who were worse off than me .581
Told myself I have other things in life to be thankful for .576
Tried to contact other people who had experienced the same illness and problems .554
Tried to work out what the problems were and what made my vertigo worse or better, and .535
used it as a plan of action

Factor 5: Cognitive avoidance
Eigenvalue: 2.7; % Variance: 4.4
Didn't let it get to me; refused to think about it .691
Tried to keep my feelings to myself .622
Made light of the situation; refused to get too serious about it .557

Factor 6: Instrumental self-help
Eigenvalue: 2.4; % Variance: 4.0
Read books or articles about vertigo .715
Changed the way I did things so that the vertigo was less of a problem .548
Tried to work it out by myself .525
Tried to keep my feelings and vertigo from interfering with things too much .510

Table 5.3 The six factors extracted from the Ways of Coping Checklist
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Rosenberg’s Self-esteem Scale (RSE, Rosenberg 1967)

Self-esteem or an individual’s perceived self-worth is a personal resource which may moderate 

the effects of threatening events or conditions. The RSE is the most widely used measure of self

esteem in health psychology and consists of 10 items using a four-point scale of 

agreement/disagreement. Low scores indicate high self-esteem. The normative data is negatively 

skewed, that is to say that there is a tendency toward lower self-esteem.

5.3.2.4 Personality and attributional style

Life Orientation Test (LOT, Scheier and Carver 1987)

This is designed to measure dispositional optimism which is viewed as a habitual style of 

anticipating favourable outcomes. The LOT consists of four filler items (items to disguise the 

purpose of the test) and eight scored items rated on a five point scale. High scores indicate 

greater optimism.

Eysenck Personality Questionnaire (EPQ, Eysenck and Eysenck 1975)

The EPQ is an established and widely used measure of three dimensions of personality. In this 

version there are 21 items relating to extroversion, 23 items relating to neuroticism and a 

psychoticism sub-scale derived from 25 items. The final 21 items make up the lie scale, the 

purpose of which is to identify the top 5% of the test population with a tendency to dissimulate.

Multidimensional Health Locus of Control Scale (MHLC, Wallston and Wallston 1978)

The concept of locus of control was first proposed by Rotter (1966) and states that people tend to 

believe that the control over the events in their lives is either internal (they have the ability to 

control events) or external (other people or chance play the major role). This 18 item scale 

consists of three subsections measuring the dimensions of Internal (IHLC), Chance (CHLC) and 

Powerful Others (PHLC). The three scores indicate how highly the subject believes in each 

dimension.

Recovery Locus of Control Scale (RLC, Partridge and Johnston 1989)

This is a nine item scale designed to measure the internality/externality of a person’s perceived 

control over the course of their recovery. A high score indicates a strong internal locus of control
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and a low score a strong external locus of control.

5.3.2.5 External/social variables

Socio-demographic information (see McCormick et ai. 1995)

This questionnaire was taken from the Fourth National Survey of Morbidity Statistics for the 

General Population. It asked subjects for details of age, sex, nationality, marital status, living 

arrangements and economic position.

Past medicai history

Patients were asked for information about the onset of their symptoms, the number of 

clinical/medical professionals they had seen, treatments they had tried and previous 

psychological or physical illnesses. They were also asked for details about the information they 

had received to date along with details of sources and usefulness of this information.

Social Support Questionnaire (SSQ, Sarason et al. 1983)

The Social Support Questionnaire examines the patients’ perceptions of their social support 

networks. The questionnaire presents 27 situations and asks not only for the number of people a 

subject can turn to but also about their satisfaction with the help and support that they receive 

from those people. Means are obtained from the 27 items to give an availability score (range 0-9) 

and a satisfaction score (range 1-6). The higher the scores the larger the perceived support 

network and the greater the satisfaction with the support received.

5.3.3 Procedure

The subjects were assessed by a consultant and then underwent any relevant vestibular and 

balance testing. The patients were shown the questionnaires, information sheet and consent 

forms and asked to fill them in while they were waiting for their tests. Those patients who did not 

complete the questionnaires while in clinic were provided with a stamped addressed envelope 

and asked to complete the questionnaires when they returned home. Reminders were sent out 

after 1-2 months. A total of 145 questionnaires were administered and of these 116 were 

completed and returned (a response rate of 80%).
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5.4 RESULTS 

5.4.1 Demographic information

The demographic and past history information obtained from both the vestibular and CN groups 

will be described in this section.

Approximately 21% of the vestibular group were single, 62.6% were married and the remaining 

16.5% were separated, divorced or widowed. For the CN group 36% were single and 56.0% 

were married. The two groups did not differ significantly in terms of marital status (x2=4.36, df=6, 

p=.645) (see figure 5.1). The average number of dependants was 0.59 (SD 0.93) for the 

vestibular group and 0.60 (SD 0.82) for the CN group (Mann Whitney Z=-.314, p=.754).

With regard to work status 35.2% of the vestibular group were working full time, 5.5% were 

working part-time, 29% were either permanently sick or retired due to disability. The remaining 

subjects were not in employment and were either seeking work, involved in studies/training, 

home/family care or were retired. For the CN group it was reported that 60.0% were working full

time, 8.0% were working part-time and 16% were classified as either permanently sick or had 

retired early due to disability; this can be seen graphically in figure 5.2. The two groups did not 

differ significantly in their work status (x2=6.89, df=7, p=.440).

5.4.2 Past history of the disorder

The average length of time with the disorder was 4.25 years (SD 5.00) for the vestibular group 

and 27.38 years (SD 17.90) for the CN group (Mann Whitney Z=-5.39, p<.001). This large 

difference between the groups is expected as the CN group was compromised mostly of 

congenital nystagmus patients. The time taken to receive a diagnosis did not differ significantly 

between the two groups. The average time between noticing symptoms and receiving a 

diagnosis was 11.28 months (SD 20.04) for the vestibular group and 29.89 months (SD 50.12) 

for the CN group (Mann Whitney Z=-.267, p=.790).
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Vestibular subjects (n=91)
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Figure 5.1: Distribution of marital status according to group
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Vestibular subjects (n-91)
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Figure 5.2: Distribution of employment status according to group
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Vestibular subjects (n=91)
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Figure 5.3: Distribution of the different medical specialists visited (% do not add to 100 because some subjects visited 
more than one specialist)
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The subjects were asked to state the different physicians/clinicians they had seen with regard to their balance 
problem or nystagmus (see figure 5.3). The vestibular group had been seen on average by 2.90 specialists (SD 1.26) 
and the CN group by 2.44 (SD 1.23) (Mann Whitney Z--1.66, p-.097). The most commonly consulted specialist for 
the vestibular group was a neurologist (seen by 89% of respondents); for the CN group it was an ophthalmologist 
(seen by 72%).

Subjects were asked about referrals to this department (MRC Human Movement and Balance 

Unit at The National Hospital for Neurology and Neurosurgery). For the vestibular group 56.3% 

were referred by a neurologist, 23.0% by their GP, 12.6% by a privately consulted doctor and 

6.9% by an ear nose and throat (ENT) specialist. The majority (50.0%) of the CN group were 

referred by an ophthalmologist, 12.5% were referred by a neurologist, audiologist or privately 

consulted doctor repectively. The remaining subjects were referred by either their GP or a 

psychologist.

Significantly more of the vestibular group (89%) had seen their GP regarding their condition than 

the CN group (68%) (x2=6.60, df=1, p=.010). This is not surprising considering that the majority 

of the CN group had been diagnosed since early childhood and would not require further 

referrals from their GP. When asked if they were satisfied that their GP understood their 

condition 67% of the vestibular group and 52% of the CN group responded that they were 

satisfied (Mann Whitney Z=-1.68, p=.093).

Subjects were asked to indicate which treatments to date they had tried for their balance problem 

or nystagmus and whether they felt that these techniques had been effective. The vestibular 

group had tried, on average, 1.95 forms of treatment (SD 1.00) compared to 1.56 (SD 0.92) for 

the CN group (Mann Whitney Z=-1.97, p<.05).

For the vestibular group the most common form of treatment was exercise which had been tried 

by 49.5% of the respondents and 54.6% of these subjects had found it useful. Instructions on 

how to perform the exercises were given in written format to 28.9%, verbally to 17.8% and both 

written and verbally to 53.3%. Difficulties in performing the exercises were reported by 40% of 

the sample. Counselling had been tried by 16.5% of the subjects and a third of them stated that it 

had been helpful. Surgery had been performed on 11% of the sample and was found to be 

effective in 40% of cases. Finally, relaxation techniques had been tried by 16.5% of the subjects 

and was found to be of use in a third of the sample.
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Exercise was also the most commonly used treatment method for the CN group tried by 20% of 

the sample and found to be useful by 40% of these. Surgery had been used with 16% of the 

sample (useful in half of the cases) and counselling services had been used by 10% of the 

sample (useful in a third of the cases). Finally, relaxation techniques had been tried by two 

subjects, one of whom commented that they were of use.

The patients were also asked for details about the sources of any information they had received 

regarding their condition (see figure 5.4) and also the usefulness of this information. On average 

the vestibular group had received information from 1.96 sources (SD 1.87) whereas the CN 

group had received information from 2.96 sources (SD 2.21). Thus the CN group had used a 

significantly greater number of information sources (t=-2.46, df=114, p<.05).

The most frequent source of information for the vestibular group was the hospital doctor (40.7%) 

followed by their GP (39.6%). The most common source for the CN group was an 

ophthalmologist (76% had obtained information from an ophthalmologist).

Subjects were asked if receiving written information (in the form of a leaflet) at the time of 

consultation would be of use to them and 76.9% of the vestibular group (96.0% of the CN group) 

responded that it would be of use. Thus, significantly more of the CN group indicated that they 

would find an information sheet useful (x2=4.64, df=1, p<.05).

5.4.3 Clinical test results and reports of symptoms

In this section the neuro-otological findings for the vestibular group are presented. The choice of 

tests that the patients underwent was at the discretion of the consultant and thus not all of the 

subjects have results for all tests mentioned.
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Spontaneous nystagmus was recorded in 18.4% of those subjects who underwent balance 

testing using electronystagraphy (n=76). During rotational testing (using velocity step and 

oscillatory stimuli) a directional preponderance was recorded in 50.0% of the subjects. The 

Hallpike procedure for the testing of positional induced vertigo was carried out on 76 subjects 

(83.5%) and positional induced nystagmus was observed in 11.8% of the sample. Bithermal 

calorics were carried out on 75 subjects: canal paresis was observed in 50.7% of cases and of 

these 22 (57.9%) had bilateral reduction of vestibular function.

Audiograms were conducted on 80 subjects (87.9%). The mean audiometric data for each ear 

was calculated according to British Society of Audiology recommendations (BSA 1988) by 

averaging the thresholds at 0.25, 0.5,1,2 and 4 kHz. The mean averaged threshold for the left 

ear was 16.87 dB HL (SD 30.69) and was 20.55 dB HL (SD 30.03) for the right ear (t=-1.13, 

df=79, p=.264). These means are just within normal limits for hearing thresholds (BSA 1988). 

Bilateral reduction in hearing was seen in 13.75% of those tested.

Of the vestibular subjects tested 22 (24.2%) were found to have no abnormal findings on any of 

the tests they underwent. The subjects in this subgroup were significantly younger than the other 

vestibular subjects (t=-3.92, df=74, p<.01) and had higher scores on the autonomic sub-scale of 

the VSS (t=1.99, df=73, p=.05). They did not differ significantly from the remaining vestibular 

subjects on any of the other questionnaire measures.

The vertigo symptom scale (VSS) was completed by the vestibular group and by five of the CN

group thus the scores presented are for these subjects. The remaining CN subjects left the form 

blank commenting that it was not relevant to them. The mean normalised scores (the scale

scores divided by the number of scale items) for each of the sub-scales can be found in table

5.4a. This table also shows the normative values provided by Yardley et al (1992). Both the male 

and female vestibular subjects in this study scored lower on the Vertigo scale but had higher 

scores on the Anxiety scale.
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Male Female
I n=34 |n=57

Mean SD Mean 1 SD

Acute attack of vertigo scale .63 .51 .72 .49

Vertigo of short duration scale .85 .82 .97 .79

Combined vertigo scale .74 .67 .84 .64

Normative data: vertigo scale (SD) 1.12(0.75)

Autonomic symptom scale 1.65 1.53 1.61 1.45

Somatisation scale M l .91 1.28 .97

Combined anxiety scale 1.46 1.22 1.45 1.21

Normative data: anxiety scale (SD) 1.33(0.79)

Table 5.4a The mean normalised scores for the vestibular group (according to sex) for each of the subscales on the 
VSS (including normative data)

A comparison of the scores on the subscales was not made between the vestibular and CN 

groups due to the gross inequality of numbers but a comparison of sex differences was made 

among the vestibular group. No significant sex differences were found among any of the sub

scales (see table 5.4b).

t p

Acute attack of vertigo scale -.684 .582

Vertigo of short duration scale .203 .496

Autonomic symptom scale -.634 .982

Somatisation scale -.022 "  .839

Table 5.4b T-tests comparing the scores of male and female vestibular patients on the sub-scales of the VSS

The subjects were asked to rate (on a seven point scale) how severe they thought their balance 

symptoms were at present. The mean rating for the vestibular group was 4.11 (SD 1.77) with little 

difference between the sexes (Mann Whitney Z=-.129, p=.897). Of the 89 subjects who 

answered this question 12.4% gave the maximum rating of seven indicating that their balance 

problem was very disabling. Only one subject felt that their dizziness was not at all disabling.
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The CN subjects were asked to rate (again on a seven point scale) how disabling their 

nystagmus was at that time. The average rating given was 4.09 (SD 1.44) and again there was 

little difference between the sexes (Mann Whitney Z=-.035, p=.974). Only two of the 23 subjects 

(8.7%) who completed this question felt that their nystagmus was very disabling.

5.4.4 Effects of the disorder

The vestibular patients completed the Vertigo Handicap Questionnaire (VHQ) and the mean 

score on this was 36.69 (SD 12.70). This was a lower mean score than the mean of 43.6 (SD 

17.24) reported by Yardley (see Yardley and Hallam 1996) on a sample of 120 patients referred 

for balance investigation. This questionnaire was not completed by the CN group as many did 

not feel that it was relevant to them.

5.4.5 Higher-order outcomes

The Hospital Anxiety and Depression Scale (HAD) was completed by both groups. The mean 

scores for the vestibular group were 8.03 (SD 4.25) on the anxiety sub-scale and 6.35 (4.07) on 

the depression sub-scale. For the CN group the mean scores were 9.00 (SD 4.15) and 4.36 (SD 

3.59) respectively. According to data supplied by the authors of the HAD (Zigmond and Snaith 

1983) 15 (16.5%) of the vestibular group could be classified as significantly clinically depressed 

and 26 (28.6%) as anxious. Only one of the CN group (4%) could be classified as depressed 

although eight (32%) were clinically significantly anxious. In summary, the vestibular group had 

scores that were significantly higher on the depression sub-scale (t=2.10, df=111, p<.05) 

although the two groups did not differ significantly on the anxiety sub-scale (Mann Whitney Z=- 

.917, p=359).

The vestibular subjects were divided into those who could be classified as clinically depressed 

and those who were not. This was not done for the CN group as only one subject could be 

classified as depressed and thus a proper comparison of the samples could not be made. As 

mentioned earlier 15 of the vestibular group could be classified as depressed according to 

published criteria. The depressed group reported significantly greater anxiety (t=2.57, df=89, 

p<.05)), higher scores on the acute vertigo (t=2.79, df=88, p<.01) and somatisation scales (Mann
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Whitney Z=-2.52, p<.05) of the VSS as well as symptom severity (Mann Whitney Z=-2.25, p<.05) 

and handicap (t=2.29, df=87, p<.05). This group also reported less optimism (t=-3.18, df=89, 

p<.01), self-esteem (Mann Whitney Z=-3.00, p<.01) and satisfaction with their social support 

networks (t=-2.55, df=61, p<.05). The depressed group also had significantly lower scores on the 

RLC scale (t=-2.79, df=83, p<.01) suggesting they had a greater tendency towards external locus 

of control.

The mean scores on the RSE (according to sex and group) can be found in table 5.5. There were 

no significant differences between the two groups in their scores (Mann Whitney Z=-.952, 

p=.341). The RSE scores for both the vestibular and the CN groups were consistently lower than 

the scores of the normative data provided by the authors (see Johnston et al. 1995). The results 

suggest that, on average, both of the samples tested in this study had higher self esteem than 

found in a sample (n=2,294) of the general population. Although the normative data was 

negatively skewed the scores obtained in the present study were found to be more 

representative of a normal distribution.

Vestibular CN Normative Scores

Males Females Males Females Males Females

(n=34) (n=57) (n=16) (n=9) (n=949) (n=1345)

Mean 20.29 20.44 17.63 21.67 35.01 34.52

SD 5.13 5.36 4.33 5.59 4.78 4.91

Table 5.5 Mean scores on the RSE for the vestibular and CN subjects in this study and the normative scores 
provided by the author of the test (see Johnston et al. 1995)

5.4.6 Personality and personal attributional style

The mean scores and SD for the sub-scales of the EPQ can be found in table 5.6. This table also 

shows the mean age-matched norms and the mean scores for neurotics as obtained from 

Eysenck and Eysenck (1975). A two-way (group by sex) ANOVA was carried out on the 

vestibular and CN data and there was found to be no significant effect due to either group or sex 

(see table 5.7).
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A comparison was made against the normative age-matched data . The vestibular group as a 

whole and the CN males had higher mean scores on the extroversion scale when compared to 

the age-matched normative data. Only the CN females differed from the age-matched normals 

on the neuroticism scale having a lower mean score. On the psychoticism scale the CN males 

had lower scores whereas the females of this group had higher scores. The vestibular group 

differed on the lie scale with the males producing lower, and the female higher, scores than the 

age-matched normals.

A comparison was also made with the male and female neurotic data provided by Eysenck and 

Eysenck (1975) (see table 5.6). All of the subject groups in this study had lower mean scores on 

the neurotic scale than Eysenck’s neurotic group. On the extroversion scale all except the 

vestibular males scored higher than the neurotics (the vestibular males had a lower mean score). 

The CN females scored higher on the psychoticism scale whereas the other groups had lower 

mean scores on this scale. Finally, on the lie scale the vestibular females had a higher mean 

score, whereas the CN females had a lower mean score.

F Sig

Group by EPQ E 2.416 .124

Group by EPQ L .453 .503

Group by EPQ N .043 .836

Group by EPQ P 1.380 .243

Sex by EPQ E 1.525 .220

Sex by EPQ L 1.684 .198

Sex by EPQ N .997 .321

Sex by EPQ P 1.461 .230

Group by Sex by EPQ E .080 .778

Group by Sex by EPQ L 2.155 .146

Group by Sex by EPQ N .318 .574

Group by Sex by EPQ P 2.993 .087

Table 5.7 Summary ofANOVA on the EPQ scores according to group and sex
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There were no significant differences between the vestibular and CN groups in terms of their 

scores on the LOT (t=2.27, df=113, p=93). In comparison to the normative data the male 

vestibular subjects and the female CN subjects showed similar scores (see Table 5.8). The 

female vestibular sample had a lower mean than the normative sample (indicating lower 

optimism), whereas the CN males had a higher mean than the normative male sample 

(suggesting a higher degree of optimism).

Vestibular CN Normative scores

Males Females Males Females Males Females

(n=34) (n=57) (n=16) (n=9) (n=357) (n=267)

Mean 21.18 12.02 19.31 21.25 21.03 21.41

SD 5.71 7.23 7.23 7.11 4.56 5.22

Table 5.8 Mean scores on the LOT for the vestibular and CN subjects and the scores provided by the author of the 
test (see Johnston et al. 1995)

MHLC RLC

IHLC CHLC PHLC

Mean SD Mean SD Mean SD Mean SD

Vestibular subjects (n=91) 16.56 7.31 20.09 6.19 15.39 6.84 32.99 6.61

Chronic patients (n=609) 25.78 17.64 22.54

Healthy adults (n=1287) 25.55 16.21 19.16

Persons using preventative 
health behaviours (n=720) 27.3 15.52 18.44

Stroke patients (n=20) 33.00 6.10

Wrist fracture patients (n=20) 30.80 5.60

Table 5.9 Mean scores on the MHLC and RLC for the vestibular subjects and the scores provided by the authors of 
the tests (see Weinman et al. 1995)

The MHLC and RLC were completed by the vestibular group only and the means and SD can be 

found in Table 5.9. Table 5.9 also shows the comparative scores provided by the authors of the 

tests which were compared to the scores obtained from the vestibular sample. On the MHLC
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(see Weinman et al. 1995) the mean for the vestibular subjects in this sample was consistently 

lower on the measures of IHLC and PHLC than either chronic patients, healthy adults or persons 

engaged in preventative health behaviours. The mean for the vestibular group was, however, 

consistently higher than all these groups on the scale of CHLC.

Partridge and Johnston (1989) provided comparison scores from a sample of wrist fracture and a 

sample of stroke patients. The mean for the vestibular group was similar to the mean of the 

stroke group but higher than the mean for the wrist fracture subjects (table 5.9).

Vestibular! n=9l CN n=25
Male Female Male Female

Factor 1: Fantasy and wishful thinking 2.90 3.17 2.89 3.50
(0.95) (0.95) (0.93) (0.86)

Factor 2: Positive thinking 2.40 2.48 2.24 2.39
(0.74) (0.77) (0.64) (0.91)

Factor 3: Self-blame 2.12 2.11 2.64 2.96
(0.92) (0.96) (1.08) (1.32)

Factor 4: Advice seeking & social reference 3.20 3.24 3.06 2.78
(0.75) (0.73) (0.71) (0.62)

Factor 5: Cognitive avoidance 3.16 3.25 3.31 3.33
(0.88) (0.88) (0.54) (0.69)

Factor 6: Instrumental self-help 3.20 3.33 3.08 2.89
(0.80) (0.82) (0.75) (0.90)

Table 5.10 Mean scores (SD in parentheses) on the Ways of Coping Checklist for the vestibular and CN subjects by 
a function of group and sex

5.4.7 Coping strategies

The mean score for each factor (according to group and sex) of the WOCC can be seen in table 

5.10. A two-way (group by sex) ANOVA was performed on the data to see if there was any 

significant difference in the coping strategies used (table 5.11). The main effect of sex 

(Multivariate F(6,102)=.988, p=437), group (Multivariate F(6,102)=2.04, p=.067) or the group by 

sex interaction (Multivariate F(6, 102)=.430, p=.857) were found not to be significant. The only
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significant finding to emerge from the between subjects analysis was a group difference in the 

use of self-blame (Univariate F((1,110)=8.458, p<.004) although, if a p value of less than .055 

was used as the significant level, the sex difference in the use of fantasy was also marginally 

significant (Univariate F(1,110)=3.910, p=.051). Further analysis of the data using a t-test 

indicated that the CN group scored significantly higher on their use of self-blame (t=-2.86, 

df=109, p<.05).

F Sig

Group by Fantasy and wishful thinking .496 .483

Group by Positive thinking .476 .492

Group by Self-blame 8.458 .004

Group by Avoidence seeking & social ref. 3.036 .084

Group by Cognitive avoidance .351 .555

Group by Instrumental self-help 2.050 .155

Sex by Fantasy and wishful thinking 3.910 .051

Sex by Positive thinking .371 .544

Sex by Self-blame .407 .525

Sex by Avoidence seeking & social ref .458 .500

Sex by Cognitive avoidance .088 .767

Sex by Instrumental self-help .026 .871

Group by Sex by Fantasy and wishful thinking .566 .453

Group by Sex by Positive thinking .038 L .846

Group by Sex by Self-blame .501 .481

Group by Sex by Avoidence seeking & social ref .865 .354

Group by Sex by Cognitive avoidance .037 .848

Group by Sex by Instrumental self-help .712 .401

Table 5.11 Summary ofMANOVA on the six factors of the Ways of Coping Checklist according to group and sex

5.4.8 External social variables

The mean availability of sources of social support for the vestibular group on the SSQ was 2.90 

(SD 1.54) and the mean satisfaction score was 5.23 (SD 1.02). For the CN group the scores
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were 2.61 (SD 1.44) and 5.02 (SD 1.29) respectively. The two groups did not differ significantly 

in the number of people within their social support network (t=.793, df=84, p=.061) nor in terms of 

their satisfaction with the level of support they received (Mann Whitney Z=-1.216, p=.224).

5.4.9 Inter-relationship of variables

The relationships between variables were examined separately for the vestibular and CN groups 

using Pearson correlation coefficients. Due to the large difference in the number of cases 

between the two groups the significance levels are not directly comparable and the two groups 

will be treated separately.

5.4.9.1 Vestibular group

In the vestibular group the use of fantasy and wishful thinking as a coping strategy was found to 

be negatively correlated to the number of information sources that the individual had used (r=- 

.25, p<.05). Furthermore, the use of fantasy or self-blame as a coping strategy (see table 5.3) 

were both found to be negatively correlated with extroversion (r=-.30, p<.05; r=-.30, p<05). 

These two strategies were, however, also interrelated (r=.40, p<.01). Individuals who had a 

tendency to use cognitive avoidance strategies scored higher on measures of neuroticism (r=49, 

p<.01) and anxiety (r=.29, p<.01). Individuals who tended to search for a positive outcome were 

found to have higher scores on measures of neuroticism (r=.38, p<.05) and anxiety (r=.23, 

p<.05), lower optimism (r=-.32, p<.01) and also reported less satisfaction with their social support 

networks (r=-.26, p<.05). Finally using an instrumental or self-help strategy was correlated with 

greater internal locus of control (r=.26, p<.05).

The occurrence of anxiety and depression were found to be correlated (r=.49, p<.01). Greater 

levels of anxiety and depression were related to higher neuroticism (r=53, p=. 01; r=.41, p<.01), 

to lower levels of optimism (r=-.41, p<.01; r=.48, p=<.01) and self esteem (r=.47, p<.01; r=.33, 

p<.01) Finally, they were also related to a strong external locus of control on the RLC measure 

(r=-.35, p<.01; r=.27, p=.05). Greater depression was also found to be correlated with a lower 

level of satisfaction with the social support available (r=-.34, p<.01) as well as to reports of 

greater symptom severity (r=.28, p<.01).
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Greater neuroticism scores were related to reduced levels of optimism (r=-.59, p<.01) and self

esteem (r= 35, p<.01). Conversely higher scores on the self-esteem measures were found to 

relate to greater extroversion (r=-.29, p<.05) as was a strong internal locus of control measured 

using the RLC (r= 25, p<.05).

Higher scores on the lie scale of the EPQ were found to correlate with increasing age (r= 28, 

p<.05), greater scores on the measure of psychoticism (r= 25, p<.05) and on the powerful others 

scale of the MHLC (r= 27, p<.05).

Finally, greater reports of handicap (using the VHQ) were correlated positively with self-reports of 

symptom severity (r= 23, p<.05) higher depression scores (r= 31, p<.01) and a tendency towards 

somatisation (r=. 32, p<.01).

The influence of depression on the relationships between variables

Due to the large number of significant correlations between depression and the other variables 

under analysis partial Pearson’s correlations were carried out controlling for depression. After this 

analysis the relationship of anxiety to external locus of control and neuroticism remained (r=-.48, 

p<.01; r= 45, p<.01). The negative correlation between optimism and self-esteem was no longer 

significant. The relationship of self-esteem to neuroticism, extroversion and locus of control were 

also no longer significant. The correlation between neuroticism and reduced optimism did remain 

(r=-.35, p<.05).

The relationship between scores on the lie scale of the EPQ and the variables mentioned above 

were no longer significant although a significant negative relationship between lie scores and 

internal locus of control (as measured with the MHLC scale) did emerge (r=-.35, p<.05).

Finally the relationships of handicap with somatisation and symptom severity were also no longer 

significant after controlling for depression although a significant relationship with extroversion did 

emerge (r=.26, p=.118).
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Predictors of depression in the vestibular group

Stepwise multiple regression was used to predict depression from the variables shown in table 

5.12. Only variables that correlated with depression at a significance level greater than .05 were 

entered for analysis. This was due to the necessity of keeping the number of independent 

variables to below nine in order for there to be at least 10 times as many cases as variables. The 

significant variables to emerge from the regression analysis as major predictors of depression 

were the level of anxiety, self-esteem and the degree of satisfaction with the social support 

available which accounted for 49% of variance of depression scores.

Variable Beta t Sig.

Anxiety .546 5.36 .000

Satisfaction with social support -.261 2.64 .011

Self-esteem .228 2.22 .031

Autonomic symptoms .201 1.99 .052

Somatisation .194 1.93 .059

Severity of symptoms .182 1.89 .065

Handicap .167 1.71 .093

Neuroticism .076 .64 .527

Optimism -.041 .35 .731

Multiple R= 72 

R2=52

Adjusted R2=.49

F(3, 50)=18.00, p=.000

Table 5.12: Summary of the stepwise multiple regression analysis performed to identify the best predictors of 
depression among the vestibular subjects

5.4.9.2 CN group

The relationships between the variables for the CN group were analysed using Pearson’s 

correlation coefficients. Regression analysis to predict depression was not performed with the 

data from this group due to the small number of subjects.
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Increased anxiety and depression were positively correlated with greater neuroticism (r=.63, 

p<.01; r= 61, p<.01) and symptom severity (r= 55, p<.05; r=.67, p<.01) and to lower self esteem 

(r= 52, p<.05; r=.56, p<.01). Depression was also found to be related to lower optimism (r=-.66, 

P<-01).

Extroversion was positively correlated with the use of instrumental self-help strategies (r= 44, 

p<.05) and also with greater reported satisfaction with social support networks (r= 47, p<.05). 

Furthermore greater satisfaction with social support networks was found to correlate with lower 

scores on the lie scale of the EPQ (r=-.44, p<.05). The larger the number of contacts in a social 

support network the greater the reported satisfaction with that network (r= 54, p<.01).

5.5 DISCUSSION

5.5.1 Vestibular test results and primary order outcomes

Of the 91 subjects in the vestibular group undergoing neuro-otological testing there were 22 who 

had normal findings on all the tests. Thus these subjects had no identifiable vestibular lesion 

despite presenting with vestibular type symptoms. This confirms the results of previous 

researchers who have found little synchrony between vestibular test results and reported 

symptoms (Yardley et al. 1992, Spitzer 1990). Further support comes from the finding in this 

study that test results did not correlate with subjective reports of symptom severity and also there 

was no difference, on any of the measures, between the subjects who had positive and those 

who had negative test results.

The reason for this dysynchrony may relate to the nature of vestibular disturbances. Some of the 

signs of vestibular disorders are transient, furthermore the process of compensation may result in 

a change in symptoms between referral and actually having an appointment (Yardley 1994). It is 

also true to say that the vestibular tests available have limited sensitivity, that the main aim of 

many doctors is to concentrate on ruling out serious disease and also that there is a suspicion 

among a number of doctors regarding a psychogenic component in vertigo (reflected in the large 

body of literature on psychogenic dizziness i.e. Magnussen et al 1977). All of these factors may 

hinder the detection of anything other than a gross lesion of the vestibular or oculo-motor 

systems.
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Although the CN group did not undergo any neuro-otological testing they were required to rate 

the disabling effects of their nystagmus on the same seven point scale used by the vestibular 

group to rate their vertigo. The mean for both groups was just over four, indicating that although 

many of the CN group had been diagnosed with their disorder since childhood they still found it a 

disabling condition.

5.5.2 Coping strategies

It emerged that, among patients with CN or with vestibular disorders, there was a greater use of 

emotion-focused as opposed to problem-focused coping. This was evident from the greater 

number of emotion-focused factors to be identified during factor analysis of the WOCC. This is in 

line with the work of Yardley (1994) who found a greater use of emotion-focused coping among 

her sample of vertiginous patients. The only problem-focused coping factor to emerge was the 

use of instrumental self-help strategies, for example reading about the subject or changing a 

routine to accommodate problems caused by the vertigo.

It is not surprising to find that there were few attempts to tackle vertigo through physical coping 

strategies. Disorders of spatial disorientation, vertigo in particular, are frightening for the 

individual and are often induced, or made worse, during motion. To avoid these unpleasant 

symptoms many patients avoid the movements and/or situations that they perceive to make their 

symptoms worse, often to the extent that they discontinue the therapeutic exercises (i.e. 

Cawthorne-Cooksey exercises) prescribed by their doctor. Thus many problem-orientated coping 

strategies may be perceived as futile or unpleasant and so patients rely more on cognitive, or 

emotion-focused, coping strategies. It is a self-defeating approach, however, as the processes of 

vestibular compensation and habituation require physical motion to “retrain" the balance system 

(Cooksey 1945).

Those individuals who did use a problem-focused approach - specifically instrumental self-help - 

were found to have greater internal locus of control. It has been argued that the more a person 

perceives control in a particular health situation, the more probable it is that they will engage in 

health appropriate behaviours (Wallston 1997). Thus, these individuals were more likely to
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believe that they could influence their recovery or the compensation process and were actively 

involved in doing so.

It was interesting to note that in general the vestibular group had higher scores on the chance or 

externality scale of the MHLC when compared to the normative data supplied by the authors. 

Although it is risky to compare such diverse groups (who have also been tested under different 

circumstances) this result does suggest that the vestibular group, in general, had greater external 

locus of control. Thus rather than perceiving control over their illness these patients felt helpless 

(Wallston 1997) which again might explain the tendency towards strategies such as wishful 

thinking and cognitive avoidance.

The use of self-blame was found to be significantly greater among the CN group although it was 

one of the least used strategies by both groups overall. This “strategy" encompassed being 

critical of oneself and avoiding others. The more introverted (less extroverted) of the vestibular 

subjects were found to use this strategy more and if Freyd’s (1924) definition of an introvert is 

used it is easy to see why this relationship exists; “an individual in whom exists an exaggeration 

of the thought processes in relation to directly observable social behaviour, with an 

accompanying tendency to withdrawal from social contacts”.

5.5.3 Secondary order outcomes

In general the vestibular group reported greater depression than the CN group with 16% of the 

sample being classified as significantly clinically depressed and 28% as anxious. This is in line 

with Trimble’s (1984) observation that it is more common to have an association of vertigo with 

anxiety neurosis than with depression.

Depression was found to be associated with greater reports of symptom severity (for both 

groups) and handicap (for the vestibular patients). Depression could be a reaction to the loss of 

physical health (as reflected in the self-reports of symptoms) or due to the effects of a loss of 

social role (as illustrated by the handicap score). A positive correlation also emerged between 

depression and somatisation and it has been proposed that somatisation may be a manifestation 

of depression (Katon 1984).
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Among the vestibular subjects satisfaction with perceived social support was also correlated with 

depression. For both groups of subjects there was also a relationship between depression and 

reduced optimism and self-esteem. This is a relationship that has been recognised previously 

(Scheier and Carver 1985) although one must be careful in proposing the directionality of such a 

relationship. Multiple regression indicated that anxiety, self-esteem and satisfaction with social 

support were the most probable predictors of depression among the vestibular subjects. 

However, the implication of a unidirectional causal relationship between these variables should 

be treated with caution.

5.5.4 Personality and personal attributicnal style

The two groups did not differ significantly in terms of their scores on the EPQ. There were also 

no differences between the sexes. The vestibular group and the male CN subjects had slightly 

raised scores on the extroversion sub-scale (not tested statistically) compared to the age 

matched norms provided by the authors of the test (Eysenck and Eysenck 1975). In Eysenck’s 

(1947) terms extroverts have a more outward look, a higher degree of behavioural activity and 

tend to lack self-control (p58). It is difficult to relate this to the findings of the patients in this 

study. However, extroversion was also found to be correlated with increased handicap (in the 

vestibular subjects only) and it may be possible to offer an explanation in terms of response bias. 

The subjects who reported a great deal of handicap may have provided answers that reflect their 

dissatisfaction with their present situation biasing the results towards a more extroverted rating. 

Alternatively it may be that extroverted individuals find that the vestibular disorder has interrupted 

their social and occupational roles to a greater extent and this is reflected in their larger handicap 

scores.

The vestibular and CN groups did not differ significantly in terms of their ratings of dispositional 

optimism. With regard to the normative data, however, the female vestibular patients presented 

with lower, and the group of male CN subjects produced higher, scores than the normals (data 

supplied by the authors of the test). This difference may not just be a reflection of adaptation to 

illness (the CN group having their condition for longer) but may also be a reflection of the 

demographic differences (i.e. employment status) between the two groups. Finally, it may also be
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associated with the differences in depression between the two groups (as mentioned earlier 

optimism was negatively correlated with depression).

5.5.5 External resources

The levels of satisfaction with perceived social support were similar for the two groups. For the 

CN group, however, there was a correlation between the number of contacts in the social support 

network and the level of satisfaction. An assumption could be made here that the benefits of 

social support are proportional to the size of the support network. This relationship, however, was 

not apparent among the vestibular group and it is probable that the perception of the costs 

(demands and conflicts of others) and benefits of social relationships differ among individuals 

(Schaefer et al. 1981). It should also be noted that the condition of the CN group was fairly stable 

and their social support networks probably mirrored this stability. The same could not necessarily 

be said for the vestibular group.

There was a relationship between a low level of satisfaction with the social support received and 

increased depression (for the vestibular group only). This is in line with previous research in the 

field of social support. Schaefer et al. (1981) conducted a longitudinal study (over a period of 12 

months) on 100 middle-aged men and women. They found an association between perceived 

social support, depression and morale and proposed that this relationship may be associated 

with the positive consequences of social support. That is to say that social support provides an 

individual with pleasant experiences which may act as a buffer against depression or low morale.

5.6 FINAL COMMENTS

To reiterate, it is important that the direction of any proposed causal relationships are treated with 

caution. For example, in this study depression emerged as a focal variable in the structure of 

coping among vestibular subjects. What can not be determined from the present study, however, 

is the extent to which depression influences, or is influenced by, the interaction of the other 

variables (i.e. self-esteem and perceived social support). Of course it is possible to propose 

direction of causality but without controlled longitudinal analysis the suggestions should be 

treated as hypothetical (Jahanshahi, 1989).
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Although future studies are recommended to adopt a longitudinal approach there is a further 

problem and one that is fundamental to most illness related coping research. This is that 

research in this field is rarely conducted a priori. Assessing individuals only after they have 

developed an illness means that it is very difficult to determine if they had a tendency towards 

certain characteristics prior to illness. Research in this area does, however, enable the 

development of a good description of general tendencies among certain patient populations.

The present study identified a greater use of emotion-focused coping strategies than problem- 

focused strategies. It highlighted the prevalence of anxiety and depression among these 

patients and pointed towards several psychosocial variables (locus of control, self-esteem and 

social support) that play a significant role in the coping behaviour of these patients.

This enables several (albeit common-sense) recommendations to be made.

1. Patients need more information. Over 75% of the vestibular group and over 95% of the 

CN group indicated that they would have found it useful to have been given an 

information sheet to supplement the verbal information they received from clinicians. 

Research has shown that doctors tend to assume patients understand more than they 

actually do (Calkins et al. 1997). In their study Calkins and colleagues found that, 

compared to patients’ estimates, physicians tended to overestimate the time spent 

explaining things to patients. There was also a tendency to overestimate a patient’s 

understanding of the side effects of medications and their knowledge of when to resume 

normal activities after discharge.

Congenital nystagmus and vestibular disorder patients would benefit from information 

about the possible causes of their disorder. This knowledge should be expanded to 

explain how certain treatment programs work. Patients are more likely to adhere to an 

unpleasant treatment regime if they understand how it works. In particular they could 

benefit from knowing that the aim of exercise programs is to reduce the severity of 

symptoms and that the avoidance of activity may only prolong unpleasant symptoms.
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2. Related to this is the concept of locus of control. Vestibular patients need to be made 

aware of the fact that they CAN influence the course of their illness if they take an active 

role in their recovery. This study demonstrated a relationship between locus of control 

and the use of problem focused coping strategies. Appropriate information and 

instruction from the clinician is essential to this process.

3. Attempts should be made to identify patients susceptible to anxiety and/or depression. It 

could be argued that whether or not these affective conditions are the result of, or 

fundamental to, the interaction of other variables is not important. These affective states 

are likely to have an influential effect upon feedback cycles and as such will need to be 

dealt with in isolation of the underlying illness.

4. The level of satisfaction with perceived social support also emerged as a significant 

factor. Ensuring adequate social support could be approached by providing more 

information to family and friends so that they feel better equipped to help the patient. 

Information leaflets may again provide an efficient and cost-effective method of achieving 

this.

Alternatively, the use of self-help groups might be promoted. Participation in self-help 

groups has been found to lead to increases in self-esteem and can also foster the 

development of effective coping strategies through interaction with successful role 

models (Devins and Bink, 1996). Perhaps the responsibility should again fall to clinicians 

as they are often the best placed to encourage, provide information about, or even 

establish self-help groups among their patients.

5. Finally, developments are needed in the field of vestibular testing. At present tests of 

vestibular function are concerned primarily with the horizontal semi-circular canals and 

not with the anterior and posterior canals or with the otolith organs. Current clinical 

protocols also ignore vestibular perception (which has been shown to have a better 

correlation with subjective symptoms). Of the 91 vestibular patients in this study 24% 

were found to have normal findings on vestibular testing and yet still complained of 

vestibular type symptoms. These subjects were also not significantly different in their 

scores on the questionnaire measures compared to the group with identifiable lesions.

143



______________________________________________ CHAPTER FIVE: COPING AND ADJUSTMENT

Under current clinical protocols there is little that can be done for these patients and thus 

further research is needed to identify why such a proportion of patients presenting at 

clinic are unable to be helped.
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Chapter Six

MENSTRUATION, MIGRAINE AND MOTION SICKNESS

6.1 BACKGROUND

Motion sickness is a generic term referring to a condition characterised by nausea, vomiting, 

pallor and cold sweats, which occurs when man is exposed to certain, often novel, forms of real 

or apparent (visually induced) motion (Benson 1984). However, the term “motion sickness” is a 

misnomer as the response is not a sign of pathology of the vestibular system but rather is the 

inappropriate response to exposure to unfamiliar motion situations (Dobie and May 1994). The 

only individuals truly immune to motion sickness are those with a non-functional vestibular 

system (Kennedy et al 1968). One of the most influential theories of motion sickness proposes 

that motion sickness occurs as the result of sensory conflict due either to a visual-vestibular 

mismatch (Dichgans and Brandt 1973) or to canal-otolith mismatch (Schone and Wade 1971, 

Benson and Bodin 1966). *

During prolonged exposure to severe provocative motion there is a cyclical pattern of recurrent 

vomiting which may last for several days although after about three days the individual is usually 

symptom free (Groen et al 1960). It has been postulated that during exposure to unnatural and 

conflicting vestibular, visual and proprioceptive stimuli a person may feel motion sick but that 

during this time there is also the activation of a “neural motion comparator”. This comparator 

serves to match stored sensory information to signals from the current environment with the aim 

of eliciting new and adaptive sensorimotor response patterns. This adaptation to provocative 

motion environments has two main characteristics (Benson 1984, Dobie and May 1994). Firstly, 

adaptation diminishes if the provocative motion does not reoccur although even a short duration 

of exposure, for example less than one hour, can result in a cumulative effect whereby the 

response on re-exposure to the provocative condition is greatly reduced. Secondly, adaptation 

has a degree of specificity and may not be transferable between different motion environments.

*ln addition motion sickness can be induced through low frequency vertical oscillation (< 0.6 Hz) and is thought to result from
a utricle-saccule conflict (Stott 1986).
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The sensory conflict theory may be too simplistic in isolation and the influence of other factors 

needs also to be examined. Motion sickness has long been known to be mediated by 

environmental factors; for example, the intensity and duration of the provocating stimuli (Benson 

1984, Turner and Griffin 1995) and by certain smells and foods (Dobie and May 1994). It is also 

known that individual characteristics such as age (Reason and Brand 1975), past experiences 

(Dobie and May 1994) and the skills and strategies employed by the individual (Yardley 1992) 

play an important role. Furthermore,’ fear and anxiety have been implicated as crucial responses 

to symptoms and signs of motion sickness and are also thought to affect subsequent exposure 

(Daly et al 1969, Dobie and May 1994). More recently, it has been proposed that hormonal or 

endocrinological factors may have a role to play in an individual’s susceptibility to motion 

sickness (Kennedy et al 1995).

A previous study investigating motion sickness during a nine month round the world yacht race 

found that female crew members were more likely to experience motion sickness than their male 

counterparts (Turner and Griffin 1995). This is in line with earlier research suggesting that 

females have a lower tolerance to motion sickness than do males (Reason 1967).This sex 

difference is thought to be due to hormonal factors particularly since it has also been suggested 

that susceptibility to motion sickness might be affected by the menstrual cycle (Schwab 1954). 

Women have also been found to be more susceptible to mal de debarquement syndrome 

(Murphey 1993). Mal de debarquement is a sensation of swinging, swaying and unsteadiness 

often experienced after disembarking from a ship (Gordon etal 1995). In terms of sensory 

conflict theory the adaptive sensorimotor strategies gained during ship motion are no longer 

applicable on disembarkation and thus a mild disorientation arises until appropriate response 

patterns are employed.

There appears to be a similarity between the signs and symptoms reported by patients with 

migraine and those experienced by severely motion sick individuals, for example, pallor, nausea, 

vomiting and sweating (Silberstein 1994). It has also been shown that hypersensitivity to motion, 

postural instability and “dizziness" are common features of migraine (Cutrer and Baloh 1992). 

Furthermore, in a study of 450 adult migraine sufferers, it was found that 60% had been prone to 

motion sickness during childhood (Pearce 1971) and numerous other studies have indicated that 

adult migraineurs are more susceptible to motion sickness than are the general population 

(Baloh 1997, Pearce 1971). In a study of 91 subjects with migraine-associated dizziness it was

‘ Fear and anxiety are not necessarily linked to motion sickness but may exacerbate the motion sickness response
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found that approximately one third had abnormalities on electronystagmographic testing (Cutrer 

and Baloh 1992). It has also been shown that migraine patients are very susceptible to vertigo 

induced either visually or during self-motion and over 90% of the patients reported that, in daily 

life, they try to avoid those situations that may provoke dizziness (Kuritzy et al 1981).

This leads to the question of whether the mechanisms involved in vertigo, motion sickness

(viewed as a manifestation of vestibular malfunction (Kuritzy et al 1981)) and migraine are
*

comparable. Cutrer and Baloh (1992) proposed two possible pathological mechanisms involved 

in the generation of dizziness associated with migraine. Firstly, episodes of dizziness of short 

duration (up to two hours) that are time-locked to the occurrence of the headache are proposed 

to be due to the same pathophysical mechanism as other aura phenomena; namely spreading 

cortical depression or vasospasm of the cranial arteries. However, episodes of dizziness or 

motion sickness lasting several days, and often occurring independently of headache, are seen 

to have a different cause. In this case it is thought that the release of neuropeptides into 

peripheral and/or central vestibular structures leads to an increase in the baseline firing of 

primary afferent neurones (during head movement) and culminates in an increased sensitivity to 

motion. If the neuropeptides diffuse into the extracellular fluid the effect could be prolonged. 

Motion hypersensitivity associated with migraine is thought to be similar to the heightened taste 

sensitivity and phonophobia often observed among migraine sufferers (Cutrer and Baloh 1992).
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Figure 6.1: Variations in gonadotropins and ovarian hormones during the menstrual cycle 
(from Guyton and Hall 1996)

Baloh (1997) proposed that if a defective calcium channel was shared by the brain and inner ear then there could be a 
build-up of extracellular potassium resulting in migraine as well as disruption to the endolymph fluid leading to auditory and 

vestibular symptoms.
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Some migrainous women demonstrate an obvious relationship between the cyclical release of 

female sex hormones and the occurrence of migraine (Robbins 1995). It is estimated that around 

60% of women who experience migraine report an association with their menstrual cycle (Nattero 

1982). Menstrual migraine is commonly one-sided, throbbing and often associated with 

photophobia, stomach upset and irritability (Walker 1997). It has been hypothesised that 

menstrual migraine is the result of reduced levels of oestrogen in the several days prior to, and 

during, menstruation (Sommerville 1972,1975; Bousser and Massiou 1993). Finally, from clinical 

observations it has been noted that a steady number of female vertiginous patients indicate a 

worsening of symptoms around the time of menses.

6.2 AIMS OF THE STUDY

It is interesting to note that migraine, motion sickness and episodes of vertigo have all been 

postulated to have links with the female sexual cycle (menstrual cycle). The menstrual cycle is 

known to have a duration of 20 to 45 days (with a mean of 28 days) during which there is cyclical 

variation in the secretion of the following hormones: estradiol, progesterone, FSH and LH (figure 

6.1). The true relationship between hormonal cycles, migraine and motion sickness is poorly 

understood and so the aim of the present study was to establish if there was a cyclical pattern in 

the occurrence of headache and motion sickness and also to examine the relationship between 

motion sickness and headache among participants in a nine month round the world yacht race 

(during which there was prolonged exposure to potentially rough seas).

6.3 METHODS

6.3.1 The race

The participants in this study consisted of volunteer crew members participating in the 1996-1997 

BT Global Challenge Yacht Race. This race provided a good opportunity to examine motion 

sickness as it involved 14 crews of amateur sailors circumnavigating the globe from east to west 

(against prevailing winds) to cover approximately 32,000 miles over a period of nine months. The 

race was divided into six legs although not all participants completed all legs.
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6.3.2 Subjects

In total there were 124 participants although not all of these subjects completed all three parts of 

the study (see below). Table 6.1 shows a breakdown of response rates for each leg. There were 

40 females and 84 males with a mean age of 38.2 years (range 21 to 58).

Number of respondents

Leg Pre-race In-race Post-race

1 100 (90.1) 41 (78.8) 61 (82.4)
2 98 (88.3) 35 (67.3) 61 (82.4)
3 96 (86.5) 34 (65.4) 59 (79.7)
4 97 (87.4) 37 (71.2) 59 (79.7)
5 98 (88.3) 37 (71.2) 58 (78.4)
6 94 (84.7) 35 (67.3) 58 (78.4)

Total 111 52 74
Number completing all 3 parts: 30 (24.1)

Table 6.1 Response rates as a function of leg (numbers in brackets indicate %, for example 84.7% of the subjects 
who completed the pre-race questionnaire took part in leg 6)

6.3.3 Data collection methods

The data collection methods were divided into three parts; pre-race, in-race and post-race. 

Examples of all questionnaires and a sample log sheet can be found in appendix four.

Pre-race Prior to sailing the subjects were asked to complete a set of questionnaires. 

These consisted of the Reason Motion Sickness Questionnaire (Reason and Brand 1975); a 

headache incidence and classification questionnaire based on the International Headache 

Society (IHS) Diagnostic Guidelines (International Headache Classification 1988) and finally the 

female subjects were also asked for information regarding their menstrual cycle and their use of 

oral contraceptives.

In-race During the race the subjects were asked to complete a logbook to record the 

occurrence of motion sickness (using a four point scale), migraine/headache (including the IHS 

characteristics of the headache), menstruation, use of medications and duties aboard the yacht.
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Post-race After the race the subjects completed a questionnaire to gain information on the 

legs in which the subjects had participated, further information regarding prior sailing experience, 

headache/migraine events and menstruation (where appropriate). The subjects were also asked 

to indicate if they had experienced mal de debarquement on return to land.

6.4 RESULTS

6.4.1 Pre-race Questionnaires

Pre-race questionnaires were completed by 77 males (mean age 40.2 years; range 25 to 58) and 

34 females (mean age 32.3 years; range 21 to 58). From analysis of the Reason Motion 

Sickness Questionnaire it emerged that female subjects (average score 40.9) reported slightly 

less motion sickness than male subjects (average score 48.1). Figure 6.2 shows the distribution 

of the scores according to sex.
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Figure 6.2: Distributions of the Reason Motion Sickness Questionnaire scores as a function of sex
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Prior to sailing 69% of male, and 97% of female, respondents reported a tendency toward 

headaches with 45% of the females and 23% of the males being classified as migraineurs. The 

main reported trigger factors for headache and migraine were alcohol (24.3%) and tiredness or 

fatigue (24.9%). For the majority of subjects it was possible to relieve the headache through 

medication (see figure 6.3). It was found that 16% of males and 31% of females reported that 

when they felt motion sick they often experienced headache as well; the majority (nine subjects) 

indicating that these were synchronised in occurrence.

Rest & quiet 

Nothing effective 6% Lie down

Massage

Exercise
2%

Fresh air 
2%

Sleep
11%

Medication
64%

Figure 6.3: Primary method reported by the subjects to reduce episodes of headache and migraine

Finally, the majority of women (74%) reported their menstrual cycle to be regular with 68% 

reporting mild to moderate mood changes around the time of menstruation. Interestingly 42% of 

the female subjects reported that there was a link between their menstrual cycle and the 

occurrence of headaches. Approximately half of the female subjects (53%) indicated that they 

would be taking the contraceptive pill for the duration of the race.
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6.4.2 Logbooks

In total 58 logbooks were returned, six of which contained no data and so these were discarded. 

The 52 remaining logbooks comprised of data from 27 female subjects (mean age 35.4 years; 

range 24 to 58 years) and 25 male subjects (mean age 41.3 years; range 24 to 61 years).

6.4.2.1 Data analysis 

Missing or inaccurate data

As the race was divided into legs there were periods of time when the boats were docked and 

the participants were on land during which no data was recorded. Other participants only took 

part in certain legs - therefore for these individuals there were also long periods with no data. 

Furthermore, some subjects had long periods where they did not record any events or activities. 

As such it is difficult to specify if events would, or would not, have taken place during unreported 

periods which made the determination of cyclical activity difficult. There were also a number of 

logs for the women where the days of menstruation had not always been recorded; in most of 

these cases it was possible to estimate the menstrual cycle from information provided in the post

race questionnaires.

Statistical advice

Statistical advice was sought from the Institute of Neurology’s statistician. Due to the nature of 

the data (i.e. missing data and the fact that the data was not a true time series) it was felt that 

formal analysis such as linear regression would be inappropriate as such approaches would not 

take account of missing or inaccurate data. Thus, it was decided that semi-formal analyses (i.e. 

examination of percentages, means and SDs) would be more appropriate. With this approach 

each leg could be examined individually and the missing data from between legs would not 

confound the data. The Mann Whitney test was used to examine differences between the groups 

(i.e. migraineurs and non-migraineurs).
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Male subjects Female subjects

Total number of events

Motion sickness 
|n=23-
1S0

Headache
"n=23
T23

Motion sickness 
/n-2 2 
208

Headache
ln=17
153

Mean number of events 7.60 4.92 7.70 5.66

Mean severity rating 2.06 1.67 2.39 2.21

SD for severity rating 0.77 0.91 0.76 1.07

Table 6.2 Mean incidence and severity ratings of motion sickness and headache as a function of sex

6.4.2.2 The occurrence of motion sickness and headache

Despite the male and female participants obtaining similar scores on the Reason Motion 

Sickness Questionnaire (on the pre-race questionnaire), data extracted from the logbooks 

revealed a slightly different picture with women, on average, reporting a marginally greater 

incidence and severity of motion sickness (table 6.2). This table also shows that during the race 

the female subjects again reported, on average, a greater incidence and severity of headaches.

Leg Number of days in leg Headache: 
% of events

Motion sickness: 
% of events

1 32 56.7 61.1
2 45 34.0 49.5
3 8 100 89.2
4 40 26.7 47.2
5 44 14.3 33.3
6 18 15.4 18.8

Mean % 41.2 49.9
Table 6.3 Percentages of events occurring during the first five days of each leg

The proportion of events that occurred during the first five days of each leg were calculated and 

these can be seen in table 6.3. In general a large proportion of the motion sickness events 

occurred during the first five days at sea. This pattern was less pronounced for the headache 

events.

To answer the question of whether there was a reduction in the severity of motion sickness 

throughout the race the responses of the 33 subjects (18 males and 15 females) who took part in
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all legs were analysed with regard to their severity rating for each leg. These results, and the 

findings from the headache data, are shown in table 6.4. There did not appear to be a consistent 

reduction in the reported severity of motion sickness or headache over the course of the race: 

rather, there were specific legs where motion sickness was worse and this was probably due to a 

combination of sea currents and weather conditions.

Leg Mean Motion Sickness Severity Mean Headache Severity

1 2.28 1.71
2 1.89 1.92
3 2.08 1.43
4 2.19 2.27
5 1.87 1.53
6 1.30 2.04

Cumulative mean 1.92 1.82
Table 6.4 Mean severity of motion sickness and headache with regard to leg of race (n =33)

One of the main problems with trying to ascertain whether there was a cyclical pattern to the 

occurrence of motion sickness (or headache) was the limited number of data points from many of 

the subjects. There was also a decision to be made about whether to use single events or 

clusters of events as the basis for determining the cycle. It was decided to use clusters of events 

as an episode of motion sickness or headache may last several days (with varying degrees of 

severity). If each day that a headache occurred, or the individual was motion sick, was included 

in the analysis then the intervals between the occurrence of events would be distorted due to 

each episode continuing for several days. By using clusters of events, however, it meant that for 

several subjects there were only one or two clusters of events and subsequently only one data 

point.

The means and standard deviations (SD) of the intervals between the clusters for each subject 

were examined because a small SD compared to the mean would be suggestive of cyclical 

behaviour. With regards to motion sickness six subjects had only one data point (thus no SD), 

nine had large SDs indicating no cyclical pattern, whereas, seven subjects had small SDs 

compared to the mean. Further examination of these seven subjects, however, revealed that
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they had only two or three data points each and so, although the results suggested a cyclical 

pattern for these seven individuals, these must be interpreted with caution due to the limited data 

available.

A similar story emerged for the headache data; five subjects had only one data point, 11 had 

large SDs and five had small SDs (again, however, these subjects had only two data points 

each). Although for the majority of subjects no cyclical pattern to their motion sickness, or 

headache, could be determined, there were some individuals that exhibited a suggestion of 

cyclical behaviour.

6.4.2.3 Relationship between motion sickness and migraine

At sea, 12 sailors (9 female) had migraine, averaging 5 attacks each. Only 8 of these had 

reported migraine before sailing. A further 6 subjects fulfilled the migraine criteria on their pre

race questionnaire but did not experience migraine during the race.

It was noted that the subjects who were classified as migrainous prior to the race (according to 

the pre-race questionnaire) tended to report a larger number of, and more severe, headaches 

whilst at sea (Z=-2.074, p<0.05; Z=-3.349, p<0.01). These subjects were also more prone to 

migrainous type headaches during the race (Z=-3.187, p<0.01). Subjects who suffered with 

migraine during the race were also found to be more susceptible to motion sickness (Z=-2.582, 

p<0.01). In general, however, motion sickness and headache did not occur together.

6.4.2.4 Relationship with menstruation

The data from the female subjects was used to determine which day of their menstrual cycle any 

events of headache or motion sickness occurred. The majority of subjects had menstrual cycles 

of 28 days. The first day of menstruation was taken as day one and the mid-point of the cycle 

(typically day 14) was taken as the period of ovulation (Guyton and Hall 1996).
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Figure 6.5: The incidence of motion sickness through the menstmal cycle as a function of 
contraceptive pill use. The data is presented as the proportion of events (see figure 6.4)
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Figure 6.6: The incidence of headache through the menstmal cycle as a function of 
contraceptive pill use. The data is presented as the proportion of events (see figure 6.4)
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Graphical examination of the combined data for the 17 women (mean age 33.8 years, range 24 

to 43) who provided menstrual data and who experienced either motion sickness or headache 

during the race revealed a distinct pattern to the data (see figure 6.4). Twelve of these 17 women 

(mean age 32.7; range 24 to 42 years) experienced both motion sickness and headache during 

the race and a similar, although perhaps slightly more distinct, pattern was observed for them. 

There was a slight increase in the number of motion sickness events reported during the pre

menstrual (days -4 to -1) and per-menstrual phases (days one to five). There were distinctly 

fewer events reported prior to and during ovulation (days 11 to 14). The reduction in motion 

sickness around the time of ovulation was observed for both the contraceptive pill users and the 

non-pill user populations (figure 6.5), although the dip occurred slightly later in the pill user group 

(days 15 to 18 as opposed to days 12-15 in the non-pill user group).
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Headache (n=25)

Motion sickness (n=20)

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Interval between episodes

Figure 6.7: Distributions of the intervais between episodes of headache (top) and motion sickness (bottom) among 
the male subjects
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Examination of the headache data revealed a definite peak in the occurrence of headache 

around the time of menstruation and a second, smaller peak around ovulation,1 (see figure 6.4). A 

dip in the number of reports of headache was observed for the pill users at around 9-12 days. It 

was difficult to determine the pattern for the group of subjects that did not use the contraceptive 

pill due to the limited number in this sample (n=3).

6.4.2.5 Headache and motion-sickness among male subjects

Figure 6.7 shows the distribution of the intervals between episodes of headache (top) and motion 

sickness (bottom) among the male subjects. It can be seen that the most commonly occurring 

interval between episodes of motion sickness was four days; for the headache data there was 

not such a clear pattern. It should be noted, however, that there was a limited number of data 

points in these histograms and so caution must be applied in the interpretation of the results.

6.4.3 Post-race Questionnaires

Post race questionnaires were completed by 46 males and 23 females with a mean age of 38.9 

years (range 21 to 58). Prior to participation in the race the subjects reported a mean of 70 days 

(SD 130) sailing in blue (deep) water, a mean of 84 days (SD 128) sailing in coastal waters and a 

mean of 46 days (SD 100) sailing in fresh waters (i.e. lake sailing). The majority of subjects 

(between 70 and 80%) had spent less than 70 days sailing in each of these environments.

The majority of subjects (68%) who completed post-race questionnaires reported that they 

experienced at least one headache during the course of the race. Of these subjects, 97.4% 

noted that the headaches were often synchronised with episodes of motion sickness. Of the 

subjects who reported this tendency 22% felt that the headache occurred before the onset of 

motion sickness, 26% reported they occurred together and 37% noted that the headaches were 

preceded by an episode of motion sickness.
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The subjects were also asked if they tended to suffer, in general, from migraine headaches to 

which 20% responded that they did. Of this 20% it was noted that 64% (n=9) reported feeling 

nauseous during the migrainous episodes; no subjects reported vomiting.

Thirty four (49.3%) of subjects (41.9% of males and 66.7% of females) reported experiencing mal 

de debarquement on returning to land. The majority of these (52.9%) reported that the sensation 

occurred immediately on returning to land, whereas a further 26.5% reported that the sensation 

took over eight hours to develop. For the majority of subjects (88%) the mal de debarquement 

lasted for less that 24 hours.

6.5 CASE STUDIES

The majority of data presented so far has been averaged or grouped into clusters and thus to 

provide a better picture of individual responses several case studies are presented below. The 

first case study demonstrates a trend mentioned earlier of a tendency towards motion sickness 

primarily at the start of each leg (on re-exposure to the nauseogenic environment). The second 

study provides an example of the possible cyclical nature to the occurrence of motion sickness in 

a male subject. The final case study comes from a female subject who regularly experienced 

headaches around the period of menstruation. In figures 6.8a to 6.8c the lines facing upwards 

represnt motion sickness events; lines facing downward are occurances of headache. On the 

thrid case-study (for the female subject) the first day of menstruation is represented by a red line 

and ovulation by a green line.

Case One: RB

This 53 year old male had a pre-race motion sickness score of 72. He also reported a tendency 

towards occasional headaches during which he would feel nauseous and sensitive to both light 

and movement. He reported that when motion sick he frequently experienced headache. This 

gentleman was a good example of adaptation to motion sickness while at sea and it can be seen 

from his log (figure 6.8a) that he demonstrated a trend toward motion sickness only at the start of 

each leg (this was often mild, with the exception of the first two legs). Apart from during the first 

leg, however, he rarely experienced headaches with motion sickness.
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Figure 6.8a: Case One (RB)

Case Two: DK

Data for this 40 year old male were only available for the first three legs. He had a pre-race motion 

sickness score of 93 and reported monthly headaches with nausea and sensitivity to movement. 

These headaches were often triggered by alcohol, irregular meals and tiredness; he did not feel 

they were related to motion sickness. Graphically his data suggests that there may be a cyclical 

nature to his motion sickness due to the similarity of the intervals between the clusters (figure 

6.8b). However, his mean interval was 10.3 days with a SD of 5.2 suggesting there may have 

been a fairly large variation in the length of the intervals. He had only six intervals between 

clusters and so perhaps with more data a clearer pattern may have emerged. During about a 

third of his motion sickness episodes he also experienced mild headaches.

Stntt, *tt< t o f fact

Figure 6.8b: Case Two (DK)

Case Three: RH

This 26 year old female had a pre-race motion sickness score of 25 and indicated that she had 

not experienced motion sickness since childhood. She was prone to monthly headaches which
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would occur during her pill free week. These headaches were probably migraine type headaches 

as she often experienced nausea, throbbing, one sided pain and sensitivity to light, sound and 

movement. The trigger factors were numerous and included certain food stuffs, fatigue, irregular 

meals and phase of menstrual cycle. She did not think her headaches were related to motion 

sickness. RH took the combined contraceptive pill throughout the race having breaks only while 

in port and yet, particularly at the start of the race, she experienced headaches with pronounced 

regularity which tended to occur around the time of menstruation (figure 6.8c). She did not report 

any motion sickness but it may be that the uncomfortable feelings and nausea that she 

experienced with the headaches were related to motion sickness (although she did not identify 

this as such).

for
HO

P i j i  t i n t  t t i r t  c t  r ^ u

Figure 6.8c: Case Three (RH)

6.6 DISCUSSION

Motion sickness was found to occur more frequently at the start of a race leg which is in line with 

theories of sensorimotor adaptation or rearrangement during prolonged exposure to provocative 

stimuli (Gordon e ta l 1992). Further support for this was provided by the large proportion of 

subjects who experienced mal de debarquement of fast onset and short duration.

Women in general experienced motion sickness more frequently, and with greater severity, than 

male crew members and motion sickness was found to be slightly worse around menstruation 

and less about the time of ovulation. A greater proportion of female subjects also experienced 

mal de debarquement in comparison to males which is in line with previous findings (Murphey

1993). The influence of hormonal changes on motion sickness is not fully understood although it 

has been suggested that women should be more susceptible to nausea around the ovulatory 

phase of their menstrual cycle as their estradiol and vasopressin levels are higher (Profet, 1997).
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However, there may be feasible explanations for the contradictory findings of this study. Profet 

has also proposed that the reduction in iron as well as the increased levels of stress that a 

woman may experience around the time of menstruation may leave her more susceptible to 

motion sickness.

With regard to the reduction in motion sickness seen around the time of ovulation it has been 

suggested that large elevations (i.e. 55 fold) in vasopressin are thought to lead to nausea and 

emesis but that a small to moderate increase (8 to 35 fold) may enhance autonomic reactivity to 

enable the body to cope better with mild stress (for example by improving cardiovascular 

functioning) (Kohl, 1990). Kohl has proposed that when the body is under excess stress, nausea 

and vomiting may develop because the shutting down of the kidneys and gastrointestinal tract 

would allow diversion of blood to other organs and muscles to enable the “flight or fight 

response”. It may be that the elevation in vasopressin observed around ovulation constitutes a 

small rise (Forsling et al, 1981) enabling the body to cope better with mild stressors. The 

increases in vasopressin observed during experimentally induced motion sickness are around 20 

fold (Koch et al., 1990). This finding may be useful from an evolutionary standpoint as ovulation 

is the time of the menstrual cycle when a women is able to conceive and thus it would be 

advantageous to be able to cope better with stress at this time.

An alternative explanation could relate to olfactory information processing which is known to vary 

during the course of the menstrual cycle (although the results from studies in this area are 

varied). It is known that certain smells may trigger nausea and migraine headaches and it has 

been proposed that, in some cases, this may be linked to motion sickness (Dobie and May

1994). A study conducted by Pause et al (1996) found that olfactory perception was heightened, 

and odour processing was faster during ovulation which would be contradictory to the above 

proposal. However, work by Filsinger et al (1986) showed that a female’s sensitivity to 

androstenone was lowest around the time of ovulation. Grammer (1993) found that this odour, 

which was usually unattractive to women, was rated as neutral around the time of ovulation. 

Thus it would appear that a female’s sensitivity to certain odours is reduced around the time of 

ovulation, and that if this applies to the majority of odours then it could be postulated that motion 

sickness susceptibility would decrease around this period as a result of reduced sensitivity to 

potential nauseogenic odours. It may be that the complex relationship between olfaction and the 

menstrual cycle has a role to play in our understanding of motion sickness and the menstrual
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cycle. Both of these explanations are highly speculative, however, and further research to 

confirm the findings of the present study are necessary before a more concrete hypothesis can 

be formed.

With regard to headache, females were again more susceptible than males, with the incidence of 

headache peaking around both the menstrual and ovulatory phases; this is in line with previous 

work on menstrual migraine (Bousser and Massiou 1993).

It was found that, in general, motion sickness and headache did not occur together although this 

pattern was not consistent across all individuals. It is plausible that some subjects confused (or 

were unable to distinguish) their symptoms particularly as the symptoms of motion sickness and 

migraine are known to be similar (Silberstein 1994).

There was not found to be a pronounced cycle for the occurrence of motion sickness and 

migraine among the male subjects. For some subjects, however, there was the suggestion of a 

cyclical pattern and perhaps with more data this could have been established. Another 

interesting point is that, among the female subjects, the association between the menstrual cycle 

and the occurrence of headache and motion sickness did not become apparent until the data 

was combined across individuals. As such, there may yet be an underlying cyclical pattern in 

male subjects; what would be required, however, is an indication of the duration of such a cycle 

in order for the data to be combined in a suitable way.

The findings suggest that it may be possible to predict, prior to sailing, which individuals would be 

more prone to headaches at sea by asking the individual about their susceptibility to migraine. 

However, exposure to rough seas could be a specific migraine trigger in certain individuals who 

did not otherwise suffer attacks.

Although this was a preliminary investigation, and further research is needed to confirm the 

findings, the initial results of this study do highlight the important role of the menstrual cycle in the 

occurrence of headache and motion sickness. This may be particularly important in the present 

employment climate where women are increasingly employed in motion sickness inducing 

environments such as oil-rigs and aircraft. | Perhaps more pertinently, in the field of motion
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sickness and spatial orientation research, it may be important to classify the menstrual phase of 

female subjects - particularly when drawing conclusions regarding gender differences.

6.7 CONCLUSIONS

Although on pre-race questionnaires there was not found to be a strong relationship between the 

occurrence of motion sickness and migraine it emerged from data during the race that, among 

certain individuals, severe motion conditions may act as a trigger for migraine and that the same 

individuals are also more susceptible to motion sickness. The results of this study also 

demonstrated that under conditions of severe provocative motion stimulation women are more 

prone to motion sickness around the time of menstruation and least so around ovulation. The 

pattern of susceptibility was found to be similar among both women who took oral contraceptives 

and those who did not, which suggests that the cycle of susceptibility may not be directly 

controlled by sexual hormones but rather is regulated by a more fundamental form of 

neurochemical interaction. Finally, there was a suggestion of a four to six day cycle among the 

male participants for the occurrence of motion sickness although no such cycle was apparent for 

headache. More data would be required, however, to confirm these findings.
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Chapter Seven

GENERAL OVERVIEW

This thesis set out to clarify the role of psychological and psychophysical factors in the mediation 

of spatial orientation in both healthy and patient populations. Clinically, such variables have been 

frequently been neglected and investigations of balance disorders have focused primarily on 

physiological factors specifically the vestibulo-ocuIar reflex (VOR). Recently, there has been 

increased interest in non-physiological factors that could influence both vestibular and ocular 

disorders and attempts have been made to develop tests that do not rely on VOR responses to 

assess vestibular function (Metcalfe and Gresty 1992, Faldon et al 1997). These are important 

developments considering it is estimated that half the population will experience some form of 

balance disorder during their lifetime (NIDCD 1994). Furthermore, there are wide individual 

differences not only in responses to vestibular and ocular disorders but also in susceptibility to 

motion sickness.

Chapter two describes the development and evaluation of a new method to measure perception 

of angular velocity. The results demonstrated that the ocular and perceptual responses to 

rotational stimuli follow a similar time course and that both are lengthened by the process of 

velocity storage. This would intuitively make sense; to navigate within an environment a person 

requires not only adequate image stabilisation on the retina but also an awareness of where they 

are in space. However, following processing by the velocity storage mechanism, a degree of 

differential processing of the two signals is apparent .This was reflected in the present studies by 

the poor intra-subject correlation of the sensation and ocular responses. This finding may help to 

explain why there is often a discrepancy between the results of vestibular tests and the 

symptoms reported by the patient.

Thus the process of velocity storage serves to lengthen both the ocular and sensation responses 

during prolonged vestibular stimulation. It is of interest whether velocity storage also operates in 

conditions of excessive retinal slip when prolongation of the response would serve little purpose 

and might even be detrimental to vision. The study in chapter three demonstrated that the
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responses of congenital nystagmus (CN) and ophthalmoplegia (OP) subjects were significantly 

shortened in comparison to normal controls; the time constant of the post-rotational sensation 

was circa 7 seconds among the CNs compared to 15 seconds for the normal subjects. This is 

relevant to the ongoing debate of vestibular function in CN patients. This topic has been debated 

for many years as the assessment of vestibular function in these subjects has often been 

confounded by difficulties interpreting the test results due to the underlying involuntary 

nystagmus. Although Faldon and colleagues (1997) had previously used a perceptual test to 

demonstrate the hypometric vestibular function among CNs, their test relied on angular 

displacement estimates as opposed to estimations of angular velocity. The present study 

demonstrated that, among CN, velocity storage has little, if any, influence on perceptual 

responses to vestibular stimulation. Furthermore, by averaging the ocular responses of the CNs it 

became apparent that the eye movement responses from the CN subjects were similar in 

duration to the perceptual responses.

The findings of the CN and OP patients suggest that excessive retinal slip may lead to a 

reduction of both the ocular and perceptual responses to vestibular stimuli. Further evidence was 

provided by the finding that ocular and perceptual responses were significantly shortened 

following a period (36 minutes) of optokinetic stimulation. It has been proposed that the response 

decline observed following optokinetic stimulation is a form of vestibular suppression to reduce 

the negative consequences of retinal slip (Barratt and Hood 1988). Thus, in situations of 

excessive retinal slip velocity storage is attenuated and neither the VOR or perceptual responses 

are prolonged. This finding could be applicable to the rehabilitation programmes of balance 

patients, as habituation protocols could be used to modify vestibular sensation with the aim of 

reducing reported symptoms in these patients. Optokinetic training, in particular, has been 

proposed to be useful for patients with visually triggered symptoms (Pflatz and Otsuka 1975, 

Bronstein 1995, Jacob et al 1995), to reduce unsteadiness in elderly patients (Semont et al 1992) 

and to suppress motion sickness in pilots and flight attendants (Vitte et al 1992).

Although CN and OP patients experience retinal slip they rarely report oscillopsia (Leigh et al 

1988, Wist et al 1983), conversely this symptom is frequently reported by subjects who 

experience retinal slip due to bilateral loss of vestibular function (labyrinthine defective (LD) 

subjects). It was shown in Chapter Four that increased reports of handicap due to oscillopsia 

were correlated with less retinal slip, not with more as would be expected. Thus an “adaptive
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mechanism” must exist to allow retinal slip to be ignored which could lead to a subsequent 

reduction in reported handicap. It is probable that a change in visual processing, in particular a 

reduction in visual motion sensitivity (Morland et al 1998), is the compensatory mechanism as 

similar adaptation in visual processing has been observed among CN and OP subjects (Dieterich 

and Brandt 1987).

It was also found, however, that less handicap was reported by those LD subjects with a high 

external locus of control. Thus individuals with high handicap scores were more likely to view 

their illness as outside of their control than as something that they could personally influence. It 

could be postulated that the belief that you can influence your recovery may be essential to a 

positive outcome and this is possibly because individuals with a strong external locus of control 

actively participate in their recovery programme. Conversely, patients who question the benefit of 

participation in such programmes, perhaps because they believe that their effort will have little 

effect, could limit the development of compensatory mechanisms and increase any associated 

handicap.

The influence of psychological and psychosocial factors was found to be important in both CN 

and vestibular disorder patients’ responses to their conditions. Examination of the questionnaire 

responses in Chapter Five confirmed that, among patients with vestibular disorders, there was a 

poor relationship between vestibular test results and reported symptoms. Both CN and vestibular 

disorder patients displayed a tendency to use emotion focused, as opposed to problem focused, 

coping strategies. Among the vestibular disorders group the preference for emotion-focused 

strategies would be logical as physical movement and participation in rehabilitation exercises is 

often uncomfortable and may elicit unpleasant symptoms. The use of emotion focused strategies 

among CN subjects may relate to a belief that there is little that can be done to alleviate the 

difficulties associated with their condition and thus there is a reliance on strategies such as 

wishful thinking and cognitive avoidance. Patients with vestibular disorders need to be made 

aware of the importance of adopting an active role in the recovery process.

Depression and anxiety were common among both CN and vestibular disorder patients and 

factors such as social support and self esteem were found to be important mediator variables. It 

has been proposed that social support could act as a buffer against depression or low morale 

(Schaefer et al 1981) and ensuring adequate social support could be achieved either through 

support groups or by providing family members and friends with information in order for them to
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be better equipped to help the patient. Overall, the questionnaire study demonstrated that 

patients and their families require more information about the causes and prognosis of their 

illness, about their role in the recovery process and also an explanation of why treatment 

programmes are effective.

Individual differences were also apparent in the study examining the relationship between motion 

sickness, migraine and menstruation. On pre-race self-report measures there was not found to 

- be a strong relationship between motion sickness and migraine although at sea it was found that 

individuals who experienced migraine also reported motion sickness of greater severity. Although 

none of the studies with patient groups in this thesis found significant differences between the 

sexes, hormonal or sex based factors were found to be important in the occurrence of both 

motion sickness and migraine. Women were more prone to motion sickness during menstruation 

and least so during the period of ovulation. The study emphasised the importance not only of 

migraine but also of the of the menstrual cycle in studies of spatial disorientation. Women should 

be screened for the phase of their menstrual cycle, particularly if inferences regarding differences 

between the sexes are to be drawn.

Although the relationship between psychological factors and spatial orientation has been 

recognised for over a century, it is only recently that research in this area has increased. There 

has been a realisation that simply attempting to locate a site of lesion is often inadequate, 

particularly as there is a poor correlation between vestibular test results and reported symptoms. 

The work of this thesis has demonstrated that in the field of spatial orientation it is important to 

examine not only physiological measures but also perceptual responses. Furthermore, in the 

process of adaptation and recovery, psychological and psychosocial factors need to be 

examined as these may mediate, and be influenced by, the adaptation process. Finally, the 

thesis has also emphasised the importance of individual differences in response to motion 

provocative situations. In particular the study demonstrated the influence of the menstrual cycle 

on the occurrence of motion sickness and migraine, and highlighted the importance of 

accounting for phase of menstrual cycle in spatial orientation research.
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APPENDIX ONE

Calculation of the centrifugal force experienced by the subjects during rotation in 

roll in study three of Chapter Two.



of rco2

co=90°/s-1 = n l2cs-\ r=1.4m

Therefore: a=1 Ax{nl2)2 ms-2

of 3.45 ms-2

Also: g=9.8 ms-2

Therefore: a=0.35g

Acknowledgement: This was derived by Ruth Oliver, a Scientific Support Officer at the MRC 

Human Movement and Balance Unit.



APPENDIX TWO

The construction and validation of the questionnaire used to classify handicap in 

labyrinthine defective subjects in Chapter Four.
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It is impossible to quantify objectively the degree of handicap experienced by labyrinthine 

defective (LD) subjects with oscillopsia. Furthermore, as these subjects are relatively rare in 

neuro-otological clinics it is difficult to obtain large samples.

Scale construction

A set of questions were developed with the aim of categorising the handicap experienced by 

labyrinthine defective subjects with oscillopsia. The items were generated through a focus group 

of relevant specialists (researchers, neurologist and ophthalmologist) and through a previous 

pilot questionnaire administered to a small sample of subjects (n=6).

The first part of the questionnaire (section A) asks about symptoms and the history of the 

condition and is included to enable a comprehensive picture. Section B relates to handicap 

experienced by the subjects and consists of 12 items relating to the difficulty experienced with 

everyday or regular tasks. Each item is scored from 1 (no difficulty) to 4 (can’t do); the scores are 

summed to give handicap score.

Reliability and validity

The sample consisted of 23 LD subjects (11 females and 12 males) with a mean age of 57.9 

years (range 33 to 68) and 50 patients with vestibular disorders which were not classified as 

labyrinthine defective (23 females and 27 males) mean age 52.8 years (range 26 to 72). They 

completed the full questionnaire shown at the end of this section. Cronbach’s alpha was used to 

obtain a measure of the consistency of this scale. For the LD sample the coefficient was .75 and 

for the vestibular group it was .80. The item total statistics for the LD sample are shown in Table 

1 and for the vestibular group in Table 2. As the removal of any of the items would make little 

difference to the a coefficient, all twelve items remained in the scale.



APPENDIX TWO

Item Corrected item 

total correlation

Squared multiple 

correlation

a if item deleted

Driving along a bumpy road .2204 .3350 .7584

Walking in a straight line .4024 .5441 .7356

Reading/counting objects while moving .4394 .3593 .7307

Cycling .5976 .4753 .7078

Swimming .5156 .4767 .7211

Watching sporting activities from sideline .3164 .3104 .7447

Participating in sporting activities .3095 .2946 .7486

Going up and down stairs .5203 .5316 .7255

Dancing .3492 .3846 .7424

Using public transport .4732 .4457 .7282

Recognising faces while moving .2812 .3483 .7489

Walking down supermarket aisles .2868 .3468 .7475

Table 1: Item total statistics for the LD group

Item Corrected item 

total correlation

Squared multiple 

correlation

a  if item deleted

Driving along a bumpy road .3080 .4703 .7982

Walking in a straight line .4098 .5060 .7870

Reading/counting objects while moving .3854 .3659 .7894

Cycling .6274 .5219 .7631

Swimming .5006 .4826 .7780

Watching sporting activities from sideline .4229 .3629 .7857

Participating in sporting activities .3574 .2672 .7947

Going up and down stairs .6258 .6306 .7727

Dancing .3984 .4380 .7883

Using public transport .6620 .5761 .7652

Recognising faces while moving .2776 .2168 .7970

Walking down supermarket aisles .4403 .4695 .7845

Table 2: Item-total statistics for the vestibular (non-LD) group
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The only available external criterion measure on which to establish validity was diagnostic 

classification. Owing to unequal sizes of the diagnostic groups the non-parametric Kruskal-Wallis 

ANOVA was used to test for significant intergroup differences. As can be seen from Table 3, the 

most useful items for distinguishing the groups were “walking in a straight line”, “reading/counting 

objects while moving", “going up and down stairs” and "recognising faces while moving” with LD 

subjects scoring significantly higher on all these scores.

Item X2 df Sig

Driving along a bumpy road 1.119 1 .290

Walking in a straight line 17.502 1 .000

Reading/counting objects while moving 6.659 1 .010

Cycling .824 1 .364

Swimming 1.923 1 .166

Watching sporting activities from sideline .887 1 .346

Participating in sporting activities .459 1 .498

Going up and down stairs 13.898 1 .000

dancing .607 1 .436

Using public transport .445 1 .505

Recognising faces while moving 34.640 1 .000

Walking down supermarket aisles .493 1 .483

Table 3: Summary of Kruskal-Wallis ANOVA

The scores on the 12 items were scored to give a total handicap score. The LD group (mean 

31.5; SD 7.15) and the vestibular group (mean 28.0; SD 6.64) were significantly different in 

terms of their total handicap score (Z=-2.66, p<.01).
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BALANCE DISORDER CHECKLIST

Name: Date:

Balance problems can produce a range of symptoms as well as having various effects on a person's life. This 
questionnaire is aimed at addressing YOUR balance difficulties. Please read the questions carefully and remember 
that there are no right or wrong answers - we are interested in your personal experiences.

SECTION A: SYMPTOMS

Please think of your symptoms since the start of your illness and state (by circling the appropriate letter) whether you 
have experienced any of the following:

A

Never

B

At the beginning 
but not anymore

I occasionally 
have this 
symptom

I frequently 
experience this 
symptom

I continuously 
experience this 
symptom

1. A feeling that your surroundings are spinning or moving around A B C D E

2. An appearance of the world wobbling, jumping or blurring in some way A B C D E

3. Pains in lower part of back A B C D E

4. Nausea A B C D E

5. Vomiting A B C D E

6. A feeling that you are spinning around A B C D E

7. Pains in heart or chest region A B C D E

8. Unsteadiness that may cause you to fall A B C D E

9. Heavy feeling in arms or legs A B C D E

10. Light-headedness A B C D E

11. Tension or soreness in muscles A B C D E
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12a. The appearance of the world:
moving up and down A B C D E
moving side to side A B C D E
swaying or tilting A B C D E
moving in and out A B C D E

12b. If you do experience this movement does it occur when looking: 
straight ahead YES NO
left YES NO
right YES NO
up YES NO
down YES NO

If you do not experience this movement pass to question 13.

13. ONLY ANSWER THIS QUESTION IF YOU HAVE EVER HAD A SENSATION OF SPINNING. IF NOT PASS 
TO QUESTION 14

If you have ever had spinning attacks then please think back to when you first had these attacks and state whether 
you became aware of having a spinning sensation gradually, over a period of time, or was it a sudden occurrence 
(i.e. you can remember the occasion when it first happened)?

GRADUAL SUDDEN

Please answer either section (a) or section (b) below:

(a) If the spinning attacks were of gradual onset please could you give an indication of the period of time over 
which you became aware of it

(b) If the spinning attacks were of sudden onset please could you give the approximate date of when you first 
noticed it:

Now please think of whether there have been any changes in the spinning sensation since you first noticed it:

Do you think that these attacks occur less often, more often or about the same?
LESS MORE SAME

When the attacks occur are they less severe, more severe or about the same?
LESS MORE SAME

14. ONLY ANSWER THIS QUESTION IF YOU HAVE EVER HAD A WOBBLING, JUMPING OR BLURRING OF 
VISION. IF NOT PASS TO QUESTION 15

If you have ever noticed a wobbling, jumping or blurring then please indicate if you became aware of this gradually, 
over a period of time, or was it a sudden occurrence?

GRADUAL SUDDEN
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Please answer either section (a) or section (b) below:

(a) If the wobbling, jumping or blurring was of gradual onset please could you give an indication of the period of 
time over which you became aware of it:

(b) If the wobbling, jumping or blurring was of sudden onset please could you give the approximate date of 
when you first noticed it:

Now please think of whether there have been any changes in the wobbling, jumping or blurring since you first noticed
it:

Do you think that the movement occurs less often, more often or about the same?
LESS MORE SAME

Do you think that the intensity of the movement (i.e. the speed or size of the movement) has increased, decreased or 
is it about the same?

INCREASED DECREASED SAME

15. If you experience a spinning sensation does anything
(a) provoke it YES NO
(b) stop it YES NO

If yes, please give details below.

If no, please move to question 16.

16. If you ever experience a wobbling, jumping or blurring movement does anything:
(a) provoke it YES NO
(b) stop it YES NO

If yes, please give details below.

If no, please move to question 17.
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SECTION B: THE EFFECTS OF YOUR BALANCE PROBLEM

Please think of the activities that you have been unable to participate in since the start of your illness and also think 
about how you are able to function now. For each of the following questions you will have four options:

A B C D
No difficulty Sometimes difficult Difficult but can cope Can’t do

Please consider each of the following activities and how it has been affected by your illness and then circle the most 
appropriate letter. If it is not an activity that you would usually participate in then choose option D.

17. Driving along a bumpy road A B C D

18. Walking in a straight line A B C D

19. Reading/counting objects while moving A B C D

20. Cycling A B C D

21. Swimming A B C D

22. Watching sporting activities from the sideline A B C D

23. Participating in sporting activities A B C D

24. Going up and down stairs A B C D

25. Dancing A B C D

26. Using public transport A B C D

27. Recognising faces while you are moving A B C D

28. Walking down supermarket aisles A B C D

29. Other activities (please state):
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30. Do you sometimes avoid any of the above activities because it is upsetting for you to try them?

YES NO

If yes, please write the number of the activities (which can be found on the previous page) below:

31. Do you have difficulty with any of the above activities because of physical limitations (i.e. it is uncomfortable 
or difficult for you to carry out)?

YES NO

If yes, please write the number of the activities (which can be found on the previous page) below:

32. Are any of these activities more difficult:

(a) in darkness
(b) after drinking alcohol

If yes, please state the situation and the particular activity.

33. Please indicate below any other symptoms or difficulties that you have experienced. You can also use this 
space for any comments that you might have.

YES NO 
YES NO

Thank you for your co-operation
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HANDICAP QUESTIONNAIRE (SHORT FORM)

Please think of the activities that you have been unable to participate in since the start of your illness and also think 
about how you are able to function now. For each of the following questions you will have four options:

A B C D
No difficulty Sometimes difficult Difficult but can cope Can’t do

Please consider each of the following activities and how it has been affected by your illness and then circle the most 
appropriate letter. If it is not an activity that you would usually participate in then choose option D.

1. Driving along a bumpy road A B C D

2. Walking in a straight line A B C D

3. Reading/counting objects while moving A B C D

4. Cycling A B C D

5. Swimming A B C D

6. Watching sporting activities from the sideline A B C D

7. Participating in sporting activities A B C D

8. Going up and down stairs A B C D

9. Dancing A B C D

10. Using public transport A B C D

11. Recognising faces while you are moving A B C D

12. Walking down supermarket aisles A B C D



APPENDIX THREE

Examples of questionnaires that were either specifically designed or adapted for 
use for the study described in chapter five
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DEM01

PERSONAL INFORMATION

NAME:___________________________________________________

Date of birth:______________________________  Sex:_______

Please provide the following information by circling the appropriate number. This information will be used 
purely for statistical purposes.

A. MARITAL STATUS
(By cohabiting we mean that you are living with your partner).

1. Single not cohabiting 2. Single cohabiting 3. Married
4. Separated not cohabiting 5. Separated cohabiting 6. Divorced not cohabiting
7. Divorced cohabiting 8. Widowed not cohabiting 9. Widowed cohabiting

B. TENURE OF HOUSEHOLD
(Please answer either a or b below).

fa) Owner occupier:

1. Buying 2. Own outright

(b) Renting:

3. Tied with job 4. Council 5. New Town
6. Housing Association 7. Private furnished 8. Private unfurnished
9.Communal 10._Other (please state)___________________________

C. ETHNIC GROUP

1. White 2. Black-Caribbean 3. Black-African
4. Indian 5. Pakistani 6. Bangladeshi
7. Chinese 8. Sri Lankan 9. Other (please state):

D. COUNTRY OF BIRTH

E. ECONOMIC POSITION LAST WEEK
By full-time work we mean more than 16 hours per week. 
By part-time work we mean 16 hours or less per week.

1. Working full-time
4. Waiting to start work
7. Permanently sick
10. Early retirement due to disability

2.Working part-time
5. Seeking work
8. Home/family care

3. Training scheme
6. Student
9. Retired
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F. ECONOMIC POSITION ONE YEAR AGO

1. Working full-time 2.Working part-time
4. Waiting to start work S.Seeking work
7. Permanently sick 8.Home/family care
10. Early retirement due to disability

G. OCCUPATION (if applicable)

H. EMPLOYMENT STATUS

I. Employee 2. Self-employed - employing
4. Foreman/supervisor 5. Manager

I. SOLE ADULT IN HOUSE

1. Yes (please pass to Question N) 2. No

Please go to Question N if your are NOT married or cohabiting

J. ECONOMIC POSITION OF PARTNER LAST WEEK

1. Working full-time 2.Working part-time
4. Waiting to start work 5. Seeking work
7. Permanently sick 8. Home/family care
10. Early retirement due to disability

K. ECONOMIC POSITION OF PARTNER ONE YEAR AGO

1. Working full-time 2.Working part-time
4. Waiting to start work 5. Seeking work
7. Permanently sick 8. Retired
10. Early retirement due to disability

L. OCCUPATION OF PARTNER (if applicable) _____________

M. EMPLOYMENT STATUS OF PARTNER

1. Employee 2. Self-employed-employing others
4. Foreman/supervisor 5. Manager

3. Training scheme 
6. Student 
9. Retired

3. Self-employed - alone 
6. Non worker

3. Training scheme 
6. Student 
9. Retired

3. Training scheme 
6. Student
9. Retired Home/family care

3.Self-employed-working alone
6. Non worker

N. NUMBER OF DEPENDANTS____________________________
(By dependants we mean children (under 18) or adults for whom you are financially responsible).
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MEDICAL HISTORY

The MRC department that you have been referred to is a specialised Government unit that is involved in both
research and clinical practice. As such our patients are often sent to us by a variety of different specialists.
These questions are aimed at finding out how you came to be referred to our department and also about the 
medical staff that you have met and how helpful you have found them.

Contact with Medical Services.

(1) Please give the date when your symptoms first started. _______________

(2) What were you doing at the time when you experienced your first dizzy episode?

(3) Please give the date when you were first diagnosed as having vertigo or dizziness (that is you were told by a 
doctor or specialist what your symptoms were).______________

(4) Please indicate (by circling the appropriate number) how severe you think your vertigo is at present.

Not disabling Very
at all disabling

1 2 3 4 5 6 7

(5) Who first diagnosed your vertigo (please circle the appropriate letter)?

(a) GP

(b) Hospital Doctor

(c) Privately Consulted Doctor

(d) Audiologist

(e) Audiological Physician

(f) Psychiatrist/Psychologist

(g) This Department (MRC Unit)

(h) Other (Dlease state)

(I) Have not yet been given a diagnosis

(6) Please indicate (by circling the appropriate letter(s)) which of the following specialists you have seen.

(a) GP

(b) ENT Doctor

(c) Privately Consulted Doctor

(d) Neurologist

(e) Audiologist

(f) Audiological Physician



APPENDIX THREE: QUESTIONNAIRES

(g) Psychiatrist/Psychologist

(h) Other (please state)___________________

(7) Who referred you to this department (please circle the appropriate letter).

(a) GP

(b) ENT Doctor

(c) Privately Consulted Doctor

(d) Neurologist

(e) Audiologist

(f) Audiological Physician

(9) Psychiatrist/Psychologist

(h) other (please state)

(8) Please state what you feel to be the cause of your vertigo/dizziness? (Continue on back if necessary)

(9) Do you feel that your GP understands your condition? YES NO

If not, what aspects of your condition do you feel that your GP falls to appreciate:

(10) Please tell us if you have received any of the following treatments for your balance problem and whether you 
found it helpful or not.

(a)Medication YES NO

Please state the type of medication if known_______

HELPFUL UNHELPFUL

(b)Surgery

(c)Exercise Routine

(d)Counselling

(e)Relaxation training

YES NO

YES NO

YES NO

YES NO

HELPFUL UNHELPFUL

HELPFUL UNHELPFUL

HELPFUL UNHELPFUL

HELPFUL UNHELPFUL
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(11a) If you have ever used an exercise routine as a form of treatment please indicate (by circling the appropriate 
response) whether you were given written or verbal instructions?

WRITTEN VERBAL BOTH

(11 b) Do/did you have any difficulty performing the exercises? YES NO

If yes, please give details below.

(12) Please could you tell us if you have suffered from any long-term illness, due to either a physical or emotional 
cause, that has required either prolonged treatment or made it necessary for you to visit a hospital (as either 
an out-patient or in-patient)

Type of Illness Treatment Received Approximate Date

Sources of Information

It is often the case that people gather information about their condition from different people. In this section 
we are interested in knowing how you personally obtained information about your condition. We would also 
like to know how satisfied you are with the information and help that you received.

(13) Please indicate if any of the following people have provided you with information regarding your
vertigo/dizziness. Please also state whether you found the information provided by them to be helpful or not.

(a)GP YES NO HELPFUL UNHELPFUL

(b)Hospital Doctor YES NO HELPFUL UNHELPFUL

(c)Private Doctor YES NO HELPFUL UNHELPFUL

(d)Audiologist YES NO HELPFUL UNHELPFUL

(e)Self-help groups YES NO HELPFUL UNHELPFUL

If yes, please state the name of the group

(f)Royal National 

Institute for Deaf People YES NO HELPFUL UNHELPFUL

(g)Menieres Society YES NO HELPFUL UNHELPFUL

(h)lnformation leaflets YES NO HELPFUL UNHELPFUL

If yes, where did you obtain these from
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(l)Medical Textbooks. YES NO HELPFUL UNHELPFUL

(j)Self help books YES NO HELPFUL UNHELPFUL

(k) Fellow sufferers YES NO HELPFUL UNHELPFUL

(l)Family and friends. YES NO HELPFUL UNHELPFUL

(m)Other (please state) HELPFUL UNHELPFUL

(14a) Are you in general satisfied with the information that you have received from the medical profession.
Please indicate (by circling the appropriate letter(s)) which of the following statements reflects how you feel.

(a) I felt that I was given too much information and I could not take it all in.

(b) I felt the information I received was adequate for my needs.

(c) There were some things that I would have liked more information about.

(d) I was given information but it was irrelevant to my needs.

(e) I do not think I was provided with enough information

(14b) If you were not satisfied would you have liked more information in the form of (please circle the appropriate
letter(s)):

(a) Leaflets

(b) Practical advice

(c) Information regarding cause of disorder

(d) Information regarding prognosis (likely course) of disorder

(e) Self help groups

(f) Available treatment methods/programmes

(15) Do you feel that the information you received from the medical profession was clear and conveyed to you in a 
caring manner?

YES NO

If no, was the information:

(a) Too technical

(b) Given too quickly

(c) Not detailed enough

(d) Delivered in an impersonal or non-caring manner

(e) Did not address all your concerns

(f) Other (please state)

(16) Would you find it useful if the information given by the Doctor was accompanied by leaflets and fact sheets?

YES NO

Please use the space overleaf for any additional information/comments that you would like to include:
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WAYS OF COPING WITH VERTIGO

Please think about the ways in which you have tried to deal with the problems and feelings which you 
experienced as a result of your vertigo. For each strategy listed below, please indicate the extent to which 
you have ever used it to cope with your vertigo. Then circle the most appropriate letter (a key is provided 
below).

A B C  
Never Rarely Sometimes

D
Often

E
All the time

1. Got help with day to day chores or travel A B C D E

2. Blamed myself A B C D E

3. Concentrated on something good that could come out of the 
whole thing A B C D E

4. Went along with fate, sometimes I just have bad luck A B C D E

5. Went on as if nothing had happened A B C D E

6. Tried to keep my feelings to myself A B C D E

7. Hoped a miracle would happen A B C D E

8. Criticised or took it out on myself A B C D E

9. Looked for the silver lining, so to speak, tried to look on the bright 
side of things A B C D E

10. Slept more than usual A B C D E

11. Accepted sympathy and understanding from someone
A B C D E

12. Tried to forget the whole thing
A B C D E

13. Let my feelings out somehow A B C D E

14. Talked to someone other than a doctor who could do something 
concrete about the problem A B C D E

15. Got away from it for a while A B C D E

16. Tried to make myself feel better by eating, drinking or smoking
17. Found new faith A B C D E

18. Maintained my pride and kept a stiff upper lip A B C D E

19. Rediscovered what is important in life A B C D E

20. Avoided being with people in general A B C D E

21. Didn’t let it get to me; refused to think about it A B C D E

22. Asked someone I respected, other than a doctor, for advice A B C D E
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23. Kept others from knowing how bad things were A B C D E

24. Made light of the situation; refused to get too serious about it A B C D E

25. Talked to someone about how 1 was feeling A B C D E

26. Tried to work out what the problems were and what made my 
vertigo better or worse, and used it as a plan of action A B C D E

27. Refused to accept that it had happened A B C D E

28. Accepted it, since nothing could be done A B C D E

29. Tried to keep my feelings and vertigo from interfering with other 
things too much A B C D E

30. Wished that 1 could change what happened A B C D E

31. Changed the way I did things so that the vertigo was less of a 
problem A B C D E

32. Wished that I could change the way I felt A B C D E

33. Wished that the situation would go away or somehow be over with A B C D E

34. Had fantasies or wishes about how things might turn out A B C D E

35. Prayed A B C D E

36. Prepared myself for the worst A B C D E

37. Reminded myself that things could be worse A B C D E

38. Daydreamed or imagined a better time or place than the one I 
was in A B C D E

39. Wished I was a stronger person A B C D E

40. Joked about it A B C D E

41. Felt like I changed or grew as a person in a good way A B C D E

42. Remembered when my life was more difficult A B C D E

43. Felt bad that I couldn’t avoid the problem A B C D E

44. Looked up medical information A B C D E

45. Thought about fantastic or unreal things that made me feel better A B C D E

46. Saw the doctor and did what he recommended A B C D E

47. Came up with a couple of different solutions to the problem A B C D E

48. Remembered past successes in my life A B C D E

49. Did something totally new that I would never have done if my 
vertigo hadn't happened A B C D E
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50. Religion became more important to me A B C D E

51. Read books or articles about vertigo A B C D E

52. Concentrated on following the doctors orders. A B C D E

53. Tried to work it out by myself A B C D E

54. Faced the situation head on A B C D E

55. Took it out on other people A B C D E

56. Turned to work or other activities to take my mind off the problem A B C D E

57. Thought about people who were worse off than me A B C D E

58. Tried to contact other people who had experienced the same illness 
and problems A B C D E

59. Hoped that a cure or new treatment would become available A B C D E

60. Told myself I have other things in life to be thankful for A B C D E

61. Tried to see a number of specialists and tried a variety of 
treatments. A B C D E
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An example page of a log book and sample questionnaires used in the 
menstruation, migraine and motion sickness study reported in Chapter Six.
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Headache Assessment

(1) Do you ever suffer from headache and/or migraine? YES/NO

If yes, please state how often these headaches/migraine occur:_______________

(2) Please tick indicate if, when you have a headache, any of the following apply?

Do you feel nauseated? YES/NO

Is your headache throbbing or pounding? YES/NO

Is your headache on one side of the head only? YES/NO

Are you sensitive to light? YES/NO

Are you sensitive to sound? YES/NO

Does movement make your headache worse? YES/NO

Trigger Factors

Often people who suffer from migraine or headaches are aware of a number of factors that may trigger an attack. Below is a list of 
the most commonly reported triggers. Please put a tick next to the trigger(s) that you feel may precipitate your headaches or 
migraine.

  Anxiety
  Worry
  Emotion
  Depression
  Excitement
  Tiredness
  Physical or mental fatigue
  Change of routine (e.g. holidays, shift-work or change of job)
  Late rising, especially at weekends or on holiday
  Travel
  Certain foods; fried foods, chocolate, citrus fruits, pastry, cheese.
  Alcohol, especially red wine
  Prolonged lack of food - fasting or dieting
  Irregular meals
  Menstruation and the pre-menstrual period
  Continued use of oral contraceptives
  Bowel movement
  Weather

If you feel that any other factors trigger your headache please list them below:

(3) When you feel motion sick do you also tend to get a headache? ALWAYS I SOMETIMES / RARELY I NEVER I N/A

If you do get a headache please state whether this is this more likely to occur before during or after the episode of motion sickness

BEFORE I DURING I AFTER I UNSURE

(4) If you have a headache before travelling are you more likely to feel motion sick during the journey?
YES/NO/NOT SURE
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Menstruation Questionnaire 

Please note that all answers will be coded and treated in the strictest confidence.

(1) Would you describe your menstrual cycle as regular? YES I NO

(2) Do you take the contraceptive pill? YES I NO

If yes, please state the brand and for how long you have been using it_____________

(3) Do you intend to take the contraceptive pill for the duration of the race?
YES/NO

If yes, please state the brand (if different from above) and whether you intend to take the pill 
without a break for the duration of the race____________________________

(4) Are you prone to mood changes around the time of your period? YES I NO

If yes, would you describe this change in emotion as:
MILD /MODERATE /MARKED

(5) Do you feel that there is an association between your menstrual cycle and your susceptibility 
to headaches/migraine?

YES/NO

If yes, please state what you feel the association to be?
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POST-RACE QUESTIONNAIRE 

ALL INFORMATION PROVIDED WILL BE TREATED IN THE STRICTEST CONFIDENCE

NAME:________________________________________________________

DATE OF BIRTH:_______________________YACHT:________________

SECTION A: AT SEA

1. Which leg(s) did you take part in?
All

Southampton - Rio 
Rio - Wellington 
Wellington - Sydney 
Sydney - Cape Town 
Cape Town - Boston 
Boston - Southampton

2. Prior to taking part in this race how much saiiing experience did you have? Please tick the approximate 
number of days spent at each of the following categories of sailing.

TYPE OF SAILING NO. OF DAYS

Offshore (open or blue water)

Coastal or Inland Waterways/Passages

Lake Sailing

3. Do you suffer from migraine headaches? YES NO

If yes, does this migraine make you nauseous or actually vomit?

NO/NAUSEOUS/VOMIT

4. Did you experience any headaches while sailing during the race? YES NO

If yes, did the headache occur at around the same time as any motion sickness?

ALWAYS I SOMETIMES I RARELY I NEVER / N/A

5. Did the headache occur before, during or after the episode of motion sickness?
BEFORE I DURING/ AFTER I UNSURE
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6. If the headaches occurred before or after please state the period of time between the onset of the 
headache and motion sickness

Immediate
Within 10 minutes
Within 30 minutes
Within 1 hour

Within 2 hours

Within 4 hours

Within 8 hours
Greater than 8 hours (please state):_______________________________

7. Were you able to do anything to stop the headaches? YES NO

If yes, please state what you did_____________________________________

8. Did you experience any other illnesses during the race? YES NO

If yes, please indicate the type of illness, the date and any action taken

ILLNESS DATE ACTION TAKEN

SECTION B: ON LAND

1. Did you ever experience a temporary tumbling or swinging sensation or unsteadiness when returning 
to land at any point during the race?

YES NO

2. If yes, how soon after returning to land did this sensation appear?
Immediately 

Within 10 minutes 
Within 30 minutes 
Within 1 hour 

Within 2 hours 

Within 4 hours 
Within 8 hours

Greater than 8 hours (please state):________________________________________
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3. How long did this sensation last for?
Less than 1 minute 

Up to 10 minutes 
Up to 30 minutes 
Up to 2 hours 
Up to 6 Hours 

Up to 12 hours 

Up to 24 hours

Greater than 24 hours (please state):_______________________________________

4. Were you able to do anything to stop this sensation? YES NO

If yes, please state what you did:____________________________________________

SECTION C: TO BE COMPLETED BY FEMALE PARTICIPANTS ONLY

1. Would you describe your menstrual cycle, in general, as regular? YES NO

2. Would you describe your menstrual cycle during the race as regular? YES NO

3. What is the approximate length of your monthly cycle? ________________________

4. For how many days does your menstruation period last? ________________________

5. Did you take the contraceptive pill during the race? YES NO

If yes, did you take the contraceptive pill without a break for the duration of the race?
N/A

Without break
With breaks at regular intervals (please give details)_________________________________
With breaks at irregular intervals (please give details)________________________________

6. Did you feel that there was a relationship between your menstrual cycle and any headaches or 
migraine you may have experienced?

YES NO N/A

If yes, please state how they were related:_____________________________________

7. Did you feel that there was a relationship between your menstrual cycle and any motion sickness you 
may have experienced?

YES NO N/A

If yes, please state how they were related:_____________________________________

Thank you for co-operation
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puncture. 48 had a M ini M ental State Exam (M M S E ) score 
of 25 or less at the time of sampling. T he control group was 
15 patients (seven women; mean age 58 [SD 10-2] years) 
who had a lumbar puncture because o f other suspected 
diseases but who did not have dementia. Routine CSF 
analysis was normal in patients and controls. The 
concentration of phosphorylated and unphosphorylated t  

protein was measured by ELISA  (Innogenetics, Zwijndrecht, 
Belgium), and AST activity was determined according to 
International Federation o f C lin ical Chemistry 
recommendations at 30°C with a H itachi 717 analyser 
(Boehringer Mannheim, Mannheim, Germany) (table). We 
found no difference between patients with PD  who had 
dementia and those who did not (table). CSF t  and AST  
activity did not correlate w ith M M S E  scores, duration of 
symptoms of PD , duration o f cognitive decline, age, or sex.

These preliminary findings suggest that t  and AST  
concentrations are not sensitive markers in  PD.

1 Riemcnschneider M, Buch K, SdunoUcc M , Kura A, Guder WG. 
Diagnosis of Alzheimer's disease with cerebrospinal fluid tau protein 
and aiptrtatr aminotransferase. Lancet 1997; 350: 784.

2 Jeodroska K, Lees A, Poewe W, Daniel SE. Amyloid B-pepride and 
dementia of Parkinson's disease. Movement Disorders 1996; 11:
647-53.

Departments of Haorolagy and C M cal Chemistry, M ed ia l Spectrum 
Twente, Hospital Group, 7500 KA, Enschede, Netherlands (I Vermes); 
and laboratory of Pathology, Enschede

Motion sickness, migraine, and 
menstruation in mariners
E A Grunfeld, C Price, P J Goadsby, M  A Gresty

Women have a higher incidence of migraine than do men 
and their attacks are often related to the menstrual cycle. 
Women are also slightly more prone to motion sickness1 and 
it has been suggested that their susceptibility may follow 
endocrine rhythms.1 Regardless o f sex, evidence suggests a 
higher incidence of motion sickness amongst migraineurs,’ 
implicating a common mechanism, but the issue is clouded 
by similarities in their symptoms. Occasional individuals are 
triggered into attacks of headache and vomiting, a day or 
more in length, by limited exposure to motion such as short 
car rides; this is more than simple m otion sickness. Studies

Headache0-3-i 
0-25- 

0 -2 - 

s 0-15- 
§  0-1- 
> 0-05-

c
o
t  O-25-i
g. 0-2-
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Motion sickness

Menstruation Ovulation
Day of menstrual cycle

Headache and motion sickness through th e menstrual cycle
The results are presented for 17 women who had either motion 
sickness or migraine during the race (solid line) and for 12 women who 
had both motion sickness and migraine during the race (dotted line). A 
calculation was made of the number of days, for each day of her 
menstrual cycle, that the woman had been aboard the yacht throughout 
the race. The data were examined to  identify on how many of these 
days she had had either a headache or motion sickness. For each day 
of the cycle the number of days where events occurred was divided by 
the total number of days observed. The results were averaged to  give 
the proportion of events shown in the figure.

of motion sickness have overlooked the problem o f diagnosis 
when it is provoked by vehicle motion, particularly in those 
at risk from migraine. We sought to clarify these issues by 
studying symptoms in the crew of the 1997 British Telecom 
“Global Challenge”. The race has six “legs” varying from 8 
to 45 days and, despite partial habituation, many sailors are 
sick at intervals throughout because o f exposure to 
conditions of extreme motion sickness provocation. The 
prolonged repetitive challenge to m otion sickness 
susceptibility permits the study of interrelations between 
headache, motion sickness, and hormonal cycles.

In  the pre-race week 111 sailors completed the Reason 
Motion Sickness Questionnaire4 and a headache incidence 
and classification questionnaire based on the International 
Headache Society Diagnostic Guidelines.' T he 34 women 
also indicated the regularity o f menstruation, its relation to 
headache and use of oral contraceptives. During the race, 
sailors were requested to enter headache, motion sickness 
symptoms, and menstruation in daily logs; 25 men and 27 
women complied.

In  pre-race questionnaires, headache was reported by 97% 
of women (45% classified as migrainous) and 69% of men 
(23%  migrainous) without motion sickness being an 
important trigger. Female (40*9) and male (48 T ) motion 
sickness susceptibility scores were not significantly different 
and were unrelated to headache.

A t sea, 12 sailors (nine women) had migraine, averaging 
five attacks each. Only eight o f these had reported migraine 
before sailing. A  further six fulfilled the migraine criteria on 
their pre-race questionnaire but did not experience migraine 
during the race. Those who had migraine during the race 
had more frequent motion sickness (averaging 13 events 
compared with six for non-migraineurs; p=0-0098) and non- 
migrainous headache (7-5 headaches compared with three; 
p=0-0039). Pre-race reports o f migraine did not predict 
motion sickness but were highly correlated w ith all types of 
headache at sea. A  women with incapacitating headaches 
related to rough seas was treated effectively w ith sumatriptan 
by the race doctor (CP).

Female crew were most susceptible to motion sickness 
from 3 days before menstruation to day 5 (figure). 
Frequency of headache o f all kinds was also greatest during 
this phase of the cyde. M otion sickness susceptibility was 
least around die time of ovulation in contrast to headache 
when a further peak was observed (figure). M otion sickness 
susceptibility in males appeared to follow a 4 -5  day cycle but 
more data would be needed to confirm this trend. Their 
headaches were not apparently cyclical.

The study has demonstrated that the occurrence of 
motion sickness and headache in most sailors were 
independent although exposure to rough seas could be a 
migraine trigger in certain individuals who did not otherwise 
have attacks. When motion sickness or headache occurred in 
female sailors they were related to the menstrual cycle.
P Goadsby is Wellcome Trust Senior Research Fellow at the Department 
of Clinical Neurology, National Hospital for Neurology and 
Neurosurgery, London
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Introduction : It is well known that the incidence of headache, particularly migraine, often 
follows the menstrual cycle with the highest frequency of attacks occurring around the first 
few days of menstruation. Anecdotes also suggest that motion sickness may also be 
influenced by the menstrual cycle (1). To test this latter possibility we took the opportunity to 
study the incidence of sea sickness and headache in sailors who participated in the 1997, 
British Telecom Round the World Yacht Race' (2). These sailors were all amateurs, and 
despite some adaptation, many would have a chances of being sea-sick throughout the 
voyage. Thus, taken over all the voyage, since exposure was prolonged and the seas were 
often rough as the race was against the prevailing winds, we would have the possibility to 
study the resistance to sea sickness for each day of the menstrual cycle. Methods Before 
sailing the sailors responded to a questionnaire about their susceptibility to motion sickness 
and the frequency and characteristics of their headaches. The characteristics of their 
headaches allowed them to be classified as migrainous or non migrainous. Throughout the 
voyage the sailors, 25 men and 27 women, recorded in a private, daily log, positive 
occurrences and characteristics of seak sickness, headaches and, for the women, their days of 
menstruation. The race endured approximately 8-9 months and consisted of 6 laps. Each lap 
lasted 8 weeks and between laps the sailors rested for a month. Results : All the subjects, both 
men and women, classified as migraineurs by the pre-race questionnaires suffered headaches 
more frequently (0.038) and severe (p=0.001) when at sea than non-migraineurs. The subjects 
classified by the motion sickness questionnaire before the race as migraineurs did not have 
sea sickness more frequently than the non-migrainous sailors. But there were 4 sailors who 
had not suffered migraine before the race who suffered attacks of migraine for the very first 
time when at sea. The sailors who suffered migraine during the race also suffered sea sickness 
more frequently (p=0.0098) but seak sickness did not occur at the same time as their attacks 
of migraine. 17 women suffered headache or seak sickness of whom 5 were taking the oral 
contraception. 12 women suffered both (3 taking the pill). In all these women the occurrence 
of headache and of sea sickness were highly correlated with the menstrual cycle: headache 
and sea sickness were most frequent during the days of menstruation and sea sickness was 
almost non-existent during the days of ovulation (including day no 14 before hormonal 
withdrawal in women on the pill). In 8 susceptible male sailors sea sickness tended to occur at 
intervals which were multiples of a basic cycle of 4-6 days although headaches in men were 
not periodic. Conclusions: Our results prove that under severe provocative challenges women 
are more prone to sea sickness during menstruation. They show also that, on questionnaires of 
everyday life, there is not a strong relationship between susceptibility to headache and motion 
sickness. However, for at least some subjects severe motion conditions and the mental et 
physical stress associated may be the only factors which trigger migraine significantly and 
such subjects are also susceptible to motion sickness. Perhaps motion sickness in children and 
space sickness have a migraineus component Finally, because women taking oral 
contraception had the same cycle of susceptibility as women with natural cycles, the 
susceptibility to motion sickness is not regulated by sexual hormones directly but probably at 
a level of neurochemical regulation which is more fundamental.
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LOSS O F  VELOCITY STORAGE IN ‘CN’
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The investigation o f  vestibular function in patients with 
congenital nystagmus (CN) has theoretical and clinical 
implications. Normal controls (n=14) and CN patients 
(n=12) indicated with a tachogenerator wheel the subjective 
angular velocity perceived during whole-body velocity steps 
o f  +/- 90deg/s in the dark ( ‘stopping responses’). Eye 
movements were simultaneously recorded with DC EOG. In 
normal controls the mean duration o f the vestibularly 
mediated turning sensation lasted 3 1 SD 6s, decaying 
exponentially with a time constant (tc) of 19 SD 9s. In CN  
patients the duration was 14 SD 5s, tc 7 SD 4s. In grand 
average recordings, the slow-phaseeye velocity response to 
the vestibular stimuli showed a similar exponential decay in 
normal (tc 16s) and CN subjects (tc 7s). A complementary 
experiment in normal subjects showed that continuous 
(30min) full-field opotikinetic stimulation shortens the tc o f  
decay o f  the vestibular sensation. The results indicate that in 
CN there is an absence o f  vestibular ‘velocity-storage* 
integration. This may secondary to persistent retinal image 
motion due to the nystagmus.



VESTIBULAR A N D  VISUAL MOTION PERCEPTION 
IN A PA TIEN T W IT H  MYASTHENIC 
O PH TH ALM O PLEG IA
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Howard, A Bronstein. The National Hospital for Neurology 
and Neurosurgery, Queens Square, London WC1N3BG UK

We describe a 42 y/o woman with myasthenic 
ophthalmoplegia, complaining o f dizziness and loss o f  balance 
precipitated by unstable visual backgrounds such as crowds and 
traffic. Visual m otion detection (VMD) and vestibular velocity 
perception (VVP) were measured to determine if there were 
any compensatory mechanisms attempting to minimise her 
visually mediated symptoms. VMD thresholds were assessed 
with horizontally and vertically drifting gratings, with an 
accelerating velocity. The subjects task was to identify 
presence and direction o f  motion. W P  was assessed with 
whole- body angular velocity steps (+/- 90deg/s) in the dark 
whilst the subject indicated subjective velocity by turning the 
wheel o f  a tachometer. VMD thresholds were raised to 
0.38deg/s(RE) and 0.47deg/s(LE: mean normal value 
0.25deg/s). VVP w as reduced as revealed by a vestibular 
sensation time constant o f 8s (normal 16s). The results suggest 
a compensatory elevation o f  visual motion thresholds to reduce 
her visually mediated symptoms. The reduction in vestibular 
sensitivity indicates loss of'velocity storage' integration, due to 
increased retinal image motion during head movements.


