
 

 

   

VRIJE UNIVERSITEIT TE AMSTERDAM

Sensory interactions
and

human posture

an experimental study

ACADEMISCH PROEFSCHRIFT

ter verkrijging vande graad van doctorin

de geneeskunde aan

de Vrije Universiteit te Amsterdam,

op gezag vande rector magnificus

dr. D.M, Schenkeveld,

hoogleraar inde faculteit der letteren,

in het openbaarte verdedigen

op vrijdag 4 mei 1979 te15,30 uur

in het hoofdgebouw der universiteit, De Boelelaan 1105

door

Willem Bles

geboren te Eindhoven

1979

Academische Pers

Amsterdam



Promotores

_

: Prof. dr. G.de Wit

Prof. dr. ir. R.Plomp

Co-~referenten: Dr Th. Brandt

Dr. T.S.Kapteyn

Aan Boje ie durrdiaan



Het is mij een genoegen, dat het verschijnen van dit proefschrift mij de

gelegenheid biedt om een woord van dank te richten tot allen die bijgedragen

hebben aan de totstandkoming ervan. Met name wil ik noemen :

Mijn promotor Prof. Gert de Wit die kans heeft gezien zijn interesse voor

s'mensen evenwichtszin op mij over te dragen en mij steeds weer de ruimte

liet mij op dit gebied te outwikkelen.

Mija promoter Prof. Reinier Plomp voor de kritische begeleiding van de

experimenten, ook in mijn Scesterbergse periode.

Mijn cellega Dr. Thea Rapteyn voor de vele waardevolle discussies en de

plezierige samenwerking.

Dr. Thomas Brandt fUr seine nutalichen neurologischen Bemerkungen und die

reizvolle Zusammenarbeit.

Daarnaast geefit het mij veel voldeening ock mijn vader te kunnen noemen,

vanwege diens inzet bij hee rotstandkomen van de uiteindelijke Engelse

tekst van dit proefschrift.

Prof. Gordon Snow voor de gelegenheid mij geboden.

Het electronisch taboratorium Audiologie onder leiding van de heer Fred

snel voor de geboden hulp, in het bijzonder de heer Jorgen Rasmussens voor

zijn artistieke vaardigheden en voortvarende nauwgezetheid bij de

experimenten.

Ing. Aad van Waveren yoor zija aandeel in de totstandkoming var de

apparatuur en de analyse programma’s en zijn hulp bij de experimenten,

pe heer Lijnzaad van de audiovisucle dienst van het AZVU voor het

professionele afwerken van de iblustraties en de omslag.

Veel dank ben ik verschuldigd aan meyer. Incke Schmidt voor haar inzet bij

het typen van het manuscript.

‘yenslotte voel ik mij dankbaar en regelijkertijd schuldig cegenover Blsje

on Jurriaan vanwege de vele tijd die 2ij mij gegund hebben aan dit proef-

schrif£t te werken.

CHAPTER 1

CHAPTER 2

CHAPTER 3

UUAPTRER 4

CHAPTER 5

CHAPTER 6

CONTENTS

INTRODUCTION

GIRCULAR YVECTION AND STEPPING ARQUND

CIRCULAR VECTION AND HUMAN POSTURE

ROLL YECTION AND HUMAN POSTURE

TILTING SURROUNDINGS AND HUMAN POSTURE

RYE-OBJECT DISTANCE AND HUMAN POSTURE

VHE 'TEETING KOUM AS A CLINICAL TOOL

SUMMARY AND CONCLUSTONS

SAMUNYAS

 

ING EN CONCLUBIRS

WRENCHES

 

24

37

Ak

73

90

9}

100

bas



INTRODUCTION

 

To keep control of postural balance at free Stance or Locomerion, an adequate

spatial orientation is a necessary condition both in animal and man. Spatial

orientation refers to the orientation of the body within a certain frame of

reference (physically defined) and to the perception of the position withio

a spatial reference frame (psychophysically defined), Especially in man,

because of hig unstable equilibrium due to his upright stance, the central

nervous system (CNS) has to be provided continuously with information about

the actual as well as the expected position of the body with respect to ehe

field of gravity and the supporting earth surface, The mose important sensory

systems which provide this information are the yestibular, the somatosensory

and the visual system.

The vestibular system comprises the semicircular canals for detection of

angular acceleration and the otoliths for detection of linear eccelerat ious

(therefore sensing the position of the head relative to the gravitational

yector).

The somatosensory system refers to the sensors in the skin and underlying

tissue {which recerd the contact and pressure of the body on the support ing

surface), as well as to the sensory inputs from joints and tendons (sig-

nalling relative positions and movements of parts of the body}. The somato-

sensory system and the vestibular system together will be calied the

proprioceptive system.

The visual system peovides the CNS with an additional reference frame because

directional strueteres in the visual Field are preferentially perceived as

vertical or horizontal. Moreover, the retinal periphery is impertant in

deciding between seli- and obfectoamtion.

Both the vescibubar apparatus and the cyes are situated in the head, and the

fact that this ean be moved relative Co the trank comp) Leatus matlers

 

considerably. Therefore an interaction between these two information sources



and e.g. the somatereceptors in the neck is necessary during head movements. chapter 1.

For instance the deep somatic neck afferents have to neutralize the visual : 2. What is the influence of CV on Posture ?

and vestibular signals, when a standing subject inclines his head on his i Since the after effects on active or passive rotation about a

shoulder, in order to prevent righting reactions which are not necessary vertical axis were found to differ as to the direction of the CV

then. From this simple example the necessity of an adequate integration of and the direction of body torsion, perceptual and postural effects

the sensory informetion For maintaining spaceconstancy is already evident due to other rotatory vestibular aad visual stimuli have been

Perceptual space orientation and postural balance are redundant mechanisms studied as well. These experiments wiil be described in chapter 2.

with some overlap between the Functions of the single Loops. Mutual cali- 3, What is the effect of optic roll stimuli on posture ?

bration is required which then allows for one loop to compensate for a Continuous rotation of the visuai surround about a horizontal axis

deficiency of the other. In case of intersensory mismatch (provided by in the sagittal plane results in a sensation of roll motion in the

incongruent visuo-vestibular or somatosensory-vestibular information} opposite direction, which is called roll vection. In literature the

vertigo and nausea may occur. This is called motion Sickness when the perceptual and postural consequences of optic rolling with the

vertigo is induced by stimulation of the sensory systems, and clinical rotation axis at eye~level have been described ; in chapter 3

vertigo syndrom in patients suffering from lesions of the peripheral or cen~ therefore only one simple experiment will be described which deals

tral vestibular system. Therefore, experimentally induced vertigo by stimula- with the effece of an optic roll stimulus at eye-level with its

tion of the sensory systems not only increases Lhe kuowledge in sensory rotation axis fixed relative to the earth or fixed relative to the

physiology but also leads to a better understanding of the pathogenesis of head. Chapter 3 can be seen as a prelude to the experiments in

clinical vertigo syndroms. Extensive studies have been performed on effects chapter 4.

of unimodal stimulation of either the visunl or the vestibular system. 4. What is the effect of tilting surroundings on posture ?

However, recent work on visuo-vestibular-somatoseusory interactions gave {ilting surreundings are known to induce perceptual space trans—

motivation for a study in which the perceptual as well as the oculomotor formations. These perceptual space transformations have been sub-

and postural consequences of multisensory motion stimulation were investi-~ ject of investigation together with the postural consequences by

gated. This required a combination of psychophysical methods (verbal report, means of a tilting room and 4 tilting platform. This is done for

magnitude estimation), ciectronystagmegraphy (to quantitatively analyse eye stationary and sinusoidally varying room tilt. The results are

movements) and posturography (to record the body sway). given in chapter 4,

The following questions have been investigated : 5. What is the efFeat of different eye-object distances on posture ?

1. Are the somatosensory-vestibular interactions analogous to the visuo~ Due to retinal deficiency body movement cannot be visually detected

vestibular interactions when dealing with rotation about a vertical axis 7? Lf the eye-object distance is teo large. It will be shown in chapter

From a functional point of view it must be primarily the somato— % that this increase in eye-object distance may dead to a postural

sensory system involved in stepping around which should contribute imbalance. [na correspondence herewith a possible hypothesis for the

to a sensation of circular self-motion (Circular Vection, CY). By mechanism of physiologicnl height vertige will be discussed.

means of a rotating bar and retating drum combination the visuo- Iu all experiments deseribed in these chapters postural and perceptual

somatosensory-vestibular interactions during real or apparent consequences of stimulation of the sensory systems have been studied in

stepping around have been investigated which will be described in healthy subjects. Therefore this approach is quite different from the



original approach used by e.g. de Kleya and Magnus (1913), Maguus (1924) or

Rademaker €1924) who analysed the postural consequences of operative elimina-

tion of the Labyrinth, unilaterally or bliaterally, or of central neural

structures in animals. A similar study under the described test conditions

o£ the perceptual and postural behaviour of patients with well defined peri-

pheral or central vestibular lesions would enlarge the knowledge about the

clinical vertigo syndrom (e.g. compensating mechanisms) and pexhaps result

in new examination methods for clinical use, but this would be beyond the

scope of the present study. However, in chapter 6 Che results of 2

preliminary study on patients are given. Some patients suffering from the

post-concussional dizziness syndrom and patients devoid ef vestibular

function have been examined with the tilting room. ‘these patients show a

significant enhancement in the sensory weight given to vision ia spatial.

orientation demonstrating the possible clinical use of the tilting room.

4

CHAPPER 1

CIRCULAR YECTION AND STEPPING AROUND

Suamnary

Reafferent somatosenaory information from muscle and joint receptors is

suffietent to induce an tilusion of CY with eoncomttant nystagmus in at

objeatively stationary subjeet Apparently Stepping Around (ASA) on a

rotating plaliform in the dark. 4 sonatosensory-vestibulan convergence under—

Lying thts phenomenon mae be postulated. Aative head étlts at ASA-induced

CV may elteit Coriolie~like effects. Tt ta shown by magnitude es bimatton

of Coviolis-effeets that intensity is strongest tn ease of ineongrutty of

afferent motton atgnals.

i.}. INTRODUCTION

The horizontal semicircular canals within the vestibular labyrinths are

detectors and transducers of angular accelerations applied to the head

about the z-axis, The mathematical description ef the cupuia-endolymph

system 4s a heavily damped torsion-pendulum system (Steinhausen, 1933 35

yan Bamond et al. (1949) is widely accepted among physiclogists.

for a survey of Che psychophysical aspects and mathematical modelling of the

vestibukar system refergice is made to Guedry (1974) and Mayne (1974). OE

importance at this moment is that stimulation of the Lateral semicircular

canals results in a horizental nystagiaus and in CY.

However, Che yostibubar system ts wet the ontly system that detects self£-

motion, vision is abso very impertaat. Mach (1875) already observed that

looking, at aeving visible darrenny, eLfemotion seasation.

  

Dichpans and Bradt C1078) ivive extensively iavestipated the aptokinetically

sportunt findiag ts that in a stationary sebjece

 

induced C¥. ‘their most

rotation of the entire visible surround iavariably leads ba aa apparenc

self-rotation opposite in direction to pattern motion Coptokinekic OV}.



Using microelectrodes in neurophysiological studies in antmals (fish, rabbit

and monkey) it was found first by Klinke and Schmidt (1970), confirmed by

Dickgans et 21.(1973) and in recent years by Henn and associates that second

order neurons in the vestibular nuclei exhibit a direction specific modulation

of vesting discharge evoked either by body acceleration or optokinetic

stimulation. Waespe and Hena (1977) reported that more than 95% of the units

recorded in the vestibular nuclei which could be influenced by stimilation

of the horizontal semicircular canals, also showed consistent frequency

changes when the animals were exposed to moving visual fields. These authors

atate that the visual pathway conveys the rather abstract information about

velocity of the visual surround. The visual stimulus, however, must cover

Large areas of the peripheral visual field. After onsec of stimulation (e.g.

yelocity step Function) the visually induced modulation of the discharge rate

has a latency of several seconds and it usually takes seme more seconds until

most units are maximally activated or inhibited by the visuai stimulus.

When these neurophystological Findings are compared to human perception under

these circumstances, the similarities are evident : exposed to a moving

pattern, the initial experience is only that of objeet or surround motion

relative to che ego (egocentric motion perception) ; after one to a few

secands the subject experiences a self~motion as well (combined ego~ and

exoventric motion perception) which is followed by a compelling sensation

of pure self-motion (exocentric motion perception), in which the actually

moving surround seems to be stationary (Dichgans and Brandt, 1972).

The finding that i was possible to induce Coriclis~like effects through

head tilts during visually induced CV (the so-called Pseudo-Coriolis effects

(Brandt et al., 1971}) provided further evidence for a functional visual~

vestibular convergenee. Because in the present section Coriolis effects are

dealt with,some explanation is required here. Tiik of the head towards a

shoulder during constant velocity retabion results in a typieal cross~

coupled vestibular stimulation. In literature this kind of vestibular

stimulation together with its perceptual consequences is referred to as

Coriolis effect. The perceptual aspects ef the Curiobis effect are complex.

the un-experienced subject reperts at first a confused, unpleasant

experience of motion. This is, however, often the case with sensation of
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rotation about other axes than the vertical axis (cf. roll vection in

chapter 3). The reports ere mostly a combination of tilt and rotation which

can be understood by mathematical examination of the stimuius. A comprehen-

sive mathematical analysis of this matter has been given by Guedry (1974).

The point is that at completion of the head movement there is a discrepancy

between the head tilt indicated by the otelith- and neck-receptors and che

direction of the angular velocity veetor as sensed by the canals, When the

head is tilted during optokinetically induced CV (#seudo-Coriolis effect ;

Brandt et al., 1971}, the perceptual experience includes tilt and dizziness

toc and is indistinguishable from real Coriolis effects. Because rhe Coriolis

and the Pseudo-Coriolis effect are qualitatively the same it is supposed that

a common central integrator is mediating both vestibular and visual informa~

tion.

The implication of these Findings has been discussed in literature. Dichgans

et al. (1973) state that the functional significance seems to be to provide

the animal with an accurate velocity signal. Waespe and Henn (1977) predict

from their experiments that congruent visual and vestibular stimulation

would result in a funetion that accurately transfers velocity informatior

over the whole frequency range up to about i He. They assume velocity to be

the important parameter for the animal and that combination of the visual and

vestibular cues would reduce the shortcomings of each transfer characteristic

alone, i.e. the poor vestibular response at low Frequencies and the poor

visual performance at high frequencies. They assume that a combination of

vestibular and visual input already at the level of the vestibular nucle}

would ensure that motor reactions like aystagmus and postural changes should

be the same, independent of the peripheral channel by which information about

the velocity or acceleration has been obtained.

However, in view of the experimental results to be described in chapter 2,

Luis assaupiien about postars| rot be maintained. When the sub-

  

jects expericace a CY we tin diserepancies in the cdircelion ef the ov,

 

is and pestarsd sway were observed, espcbally ti those condilions,

 

Uys

 

where the subjects were standing or tad boon sleppiny, around. This will be

 

discussed in chapter 2 in mere detaid but is in Faet the reason for the

experiments described in this chapter. the question is whether the somEoSeae



sory information about rotatory motion (in analogy to vision) also may be

interpreted as either object-motion or self-motion. As real stepping around

modifies the vestibular response after stopping (see chapter 2) the somato-

sensory information of stepping around might be a source of information

abeut rotation. Stepping around in smail circles provides “a complex pattern

of afferent somatosensory consequences in skin, muscle and joint receptors

which in combination may represent the actual movement. Simultaneously,

however, under natural conditions there may be redundant visual as well as

vestibular information. For the study of the pure somatosensory contribution

a dissociation of the various loops is a pre-condition. ‘his can be achieved

by the experimental siruation of epparently stepping around on a rotating

platform in the dark, a stimulus situation in which somatosensory stimu~

 

lation is the same while the canals and visiou are noe ivated., £F under

 

these conditions it were possible to induce CV, Coriolis~Like effects and

perhaps nystagmus, then a somatosensory-vestibular convergence similar. to

the visuo-vestibular convergence is highly Likely.

1.2 APPARATUS
 

The instrument used in the experiments a retating chair and drum combi-

  

nation (T6nnies, Freiburg im Breisgau). Yhe drum has a cylindrical shape,

diameter 1.5 m the inner walls of which are painted with vercical black and

white stripes each subtending 7° of visual angle. The chair and the drum

can be rotated separately or simulbtanvuously at any desired speeds up to

180°/ sec in both directions. Chaiy and drum can be coupied to each other

by means of a cluteh for stimulation with identical movement patterns. The

velocity and acceleration of the chair as well as the velocity of the drum

and the relative chair-drum velocity {by means of a photocell stripe detec-

tion system) were recorded continuously.

The £irst part of the experiments was performed with the folLowing

arrangement : the subject walking on the floor of the drum beside the chair,

with one hand on the back of the chair. In the second part the chair had

bean removed and replaced by a barconstruction as depicted in Fig. [.t.;

the subject is then walking with his hands on the bar. Also connected to

  

 

   

 
bar and drun.

he subject is
rokaring

rately.

the dru,
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A ed on whieh Che subject could stamd
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wht,

  

combination bf a8 possible ta play of f bhe seusory syste

  

mlinsk vach

is always

  

ion aud the somatar

 

other. However, ptdmidation of beth v pla
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rotation by pushing a button on the bar. In some of the experiments hori-~

zontal eye-movements were recorded by means of electronystagmography

(4C, time constant 5 sec).

ALL described signals were simultaneously recorded on a strip-chark recor-

der (Siemens EM 81.86), Under all experimental conditions a noise source

was placed inside the drum in orgex te mask the faint motor noise. Because

of the reflections on the walls the sound Field was diffuse thus acoustic

spatial orientation was impossibic.

1,3. EXPERIMENTS AND RESULTS
 

The bar construction was used in all experiments except for the pilot

experiment in which the chair was still used.

1.3.1. Pilot experiment : Real Stepping Around ana Apparent Stepping Around

The subjects were standing beside the chair on the flocr of the drum, resting

with one hand on the back of the chair. They were instructed to maintain

this position relative to the chair which meant that they had te walk, no

matter whether it was the chair which rotated or the drum (chair and drum

of course always rotared such that the subjects bad to walk forward). Two

stimulus conditions were used in this study (see Fig-1.2.) :

(1) chair rotation ( which meant Real Stepping Around ,RSA : stimulation of

both the sometoreceptors und the vestibular system) and

(2) drum rotalion Gehieh meant Apparent Stepping Around, ASA : stimulation

of only Che somatoreceptors.

 

These tests were performed in compere darkness, the subject hav ius,

eyes open. Perception of CV was reported verbat ly by Che seb jeee dur dag,

the runs. Subjects were familiar with the caperimental setup.

An important finding is that most of the Lest subjects could aog distinguish

berween ASA and RSA :they believed they bed to do with RSA, which means that

they did not realise whether the vestibular system was involved or not.

The influence of acceleration, final velocity and geecleration was tried

oun TOO.

RSA

 

me Sef}

f/
e

 

at contitiens of the pilet experiment.

left +: Qeol Scepping Around, stimulstion of both the vestibular

system and the somatoreceprors.
Appnrent Stepping dround, stimulation of only the someto—

rerueplers,

 

These pilot experiments showed that it is important to avoid some unwanted

cues for the Lest subjects : (1) only at velocities of over $0-90°/sec it is

easy to distinguish between ASA and RSA. This is because of the centrifugal

forces which bucowe apparent in the case of RSA resulting in difficulties

with stepping and requiring a firm grip on the bar. Up to 50 or 60°fsec

these problems are not present.

(2) tncase of ASA strong accelerations of the drum at the stimulus onset

push the feet backward which makes it easy for the subjects ta recognize

this as drum rotation, so as ASA. This problem can be overcome by instrue~

ting the subjects to begin stepping before rotation is started, but even

then tuo exesgive accelerations should be avoided. This means alse that it

is di.

 

ieul& to meagure exact latencies of CV induction.

(3) In diese pilot experiments the subjects were also askud Lor possible

 

arbter

 

in case of ASA there were veports of weal positive afler ¢

feces (positive = sensation in preceding direction). i case of RGA the sub-

jects mostly reported just a stop and not the (vestibular} loepabive aluer

  

effect. te is possible that afler the aetive step the seme on ry signal

  

"Qo movement" Checause the subjects are staading, Lif) dioumtaates poss ible

  

after effects originating within the vestibular sysiem. fn this way pure

 

after effects like the eptokinetie afeer chls

 

nol be expected, The

ASA positive alber effects were mach stronger when Che subjects stopped ASA

abruptly by lopping on the efbow-rest on the chair, probably because in



 

RSA ASA

       

  

 

 a Peiee
 

Fig. 1-3. Hxample of 4 nystagmus reenrding OF 2 subjecc stepping RSA

{a tev Loaf nyitapmus dircetion is seen) and stopping

ASA (a pasitive after uystagmus is seen},

  

 

that situation there was no more somatosensory information about the

movement in relation te the floor. These after effects lasted up to about

15 sec.

In these experiments the eye movements of several subjects have been

recorded. Some subjects showed a nystagmus. However, in most cases the

recordings were heavily disturbed by the stepping. Therefore, no qnantita-~

tive evaluation can be given. A very nice example of such a nystagmus at

the end of RSA and ASA is shawn in Fig. |.3. The ASA nystagmus pattern

(fast phase toward the direction of stepping and perceived CV) with positive

after effect is always seen when nystagmus is present at all.

1.3.2. Experiment t.a: Congruent sensory information and Circular Vection
 

Aim of this experiment was to ecmpare the magnituce of Che CV as induced

by stimulation of the scnsory systems, separately or in congruent combina-

tion. By using also the platform as described in 1.2. it was possible to

generate the Following stimulus conditions :

Ke

1. Vest : subj. standing on plat. — plat. retation ~ Light off

2, 7 vis = : Subj, standing on plat, ~ drum rotation — Light oa

3. > - somatos : subj. stepp. behind bar ~ drum rotation — light off

4. Vest vis - : subj. standing on plat. - plat. rotation — Light on

5. Vest - somatos : subj. stepp. behind bar - bar rotation — Light off

6. - wis somates ; subj. stepp. behind bar ~ drum rotation ~ Light on

7. Yest vis somatos : subj. stepp. behind bar - bar rotation — light on

The stimulus consists of an angular acceleration of 5°/sec * for 12 sec,

up to an angular velocity of 60°/sec which was maintained for # two minute

period Followed by a deceleration of 10°/sec , The bar, the piatformor che

drum rotated in sach a way that the subjects should experience a CV to che

Left (rotation to the left means counterclockwise).

In order to obtain a reproducable stepping behaviour, the step Frequency

was fixed, The subjects were instructed to adjust their stepping rhythm to

the clicks of a metronome, set to a repetition rate of | Hz, These clicks

were also presented when the subjects were standing still on the platform.

‘The third and £ifth condition were presented with a 2 Ha stepping frequency

as welk ( condition 8 and 9). The conditions were offered in random order.

The subjects started stepping by command, 10 sec before metion stimulat ion

toak place. By pushing a button on the bar the subjects signaled each t ime

they thaupht to have rotated through 360°, In analysing the data rhe cime

Detwer successive mirks was used to calculate the mean subjective veloaily.

llorivontal eye moyuments were recorded by electronystagmography (AC, & Lane

r.
consbauk & see).

Yen subjects, without previous experience fa sach experiments, participated.

They always lad the eyes open.

Pig. 1.4. shows Ue resobto. be all voudiiieos CV te dhe bolt has been

reported. Gaby ene subjert did nul experience a O¥ in combitian 8 CASA,

2 Hed. He

 

coool the defieieney af dhe yeshibalay cystem te detect comms baat

  

velocity, CV in the first cendition was aot maintained diving, dhe er sapiis

. o 7
syheneed Fb) rakat ben

    

velocity rotation. ‘the durat ban at » first

  

(which had to be [2 sec} js undereskigated exeepe for tho AGA condit igus,

  

indigating possible Lateney effects (cf. the batenvies i optokivedie

 

stimulavion, 1.1.)- Ts discussing the experiment with che subjects aitet

i3
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Fig. 1.4, CY magnitude estimation of 10 subjects duriag cangruent

stimulation of the seusory systems, For detailed information

adour the Lest canditions, see text. The mean estimates (+ Ig)

of the £irse 360° rotation (aceeleration period) are shown as

well as tht mean estimates during the 2 min period following

the acgeleracion period. Of course from the vestibular stimulus

only few daca were available during the constant velocity period

(about 2 completed rolabions).

wards, three of them mentioned clear tatencies in these conditions indeed.

The differences in magnitude of the CV are not very obvious which means that

stimulation of only one sensory system is already sufficient to obtain a

correct CY. The results of condition 3 and 8 indicate that the stepping

frequency is not decisive for the final magnitude of the CV, The nystagnus—

tracings do not permit a quantitative evaluation because of the disturbance

of the tracings during the stepping. From one subject the original recor-

dings of condition 1, 5 and 3 respectively are depicted is Fig. 3.5. It

shows the prolonged nystagmus in case of somatosensory involvement which

was found also by Guedry et al. (1978).

1.3.3. Experiment 1,b,: Congruent sensory information and (Pseudo-) Coriolis
 

effects

 

The aim o£ this experiment was to investigate (i) whether Coriolis-Like
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effeets can be induced during ASA sad (2) whether the magnitude of the

Coriplis effects ts depandent on ihe different stimulus conditions 1-7 as

deseribud im expe

 

wok doa. The stimelus was again aa eececeleration of

tt ‘So fsee “ap bea ve bo

  

; Seg? i 3 %
‘yo af HO f/ser which was maintained for one minute 5

thea the subject moved tis head and a few seconds Later the deceleration

began. Vhree more conditions Gt, 9, 10) were incorporeted in which the

sequence of the hel muvenests and che deceleration was reversed. In this

 

way no Coriolls a tlgrations are involved ; only tilt of the head fixed

  

rotation vector (Purkinje, 1820). Under each experimental condition the sub~

Jeet started with his lead tilted towards the left shoulder. By command {ai-

ter the one nvinute constant velocity rotation} he returned his head towards

the normal position within about | second. Afterwards he was asked to seale

his subjective sensation as compared with the purely vestibular Coriolis

effect which served as a standard (with an arbitrary value of 5)- No se

 

tion at all had uo be scaled 0. The method to return the head From tiived

position (Purkinje, 1820) has been chosen because thig permitted to pet

reproducable head movements as the initial head tilt was checked by Che



experimenter. The subject was stepping only when necessary and the stepping

rhythm was lefc free. 11 Subjects participated. First they were trained to

perform the correct head movements, after which they were exposed to the

standard + the exclusively vestibular stimulation. Subsequently the other

conditions were presented in random order with sufficient time between the

conditions for the subjects in order to recover from the effects.
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Table tel. Magnitude wstimation of Coriolisrlike effects during aut after

| stimulation of the sensory system,

 

cou peue

Table tet. shows the results. Ik is passikle indeed to induce Uoriolis-bike

effects during ASA coudiLions. Another tmporlaot Finding fs that the

vestibular Coriolis etfeer ts sealed lower when che other sensory systems

 

dye also econtr ing With Gongruvel wetton juformarion Ceendition bo = cen-
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dition 4,5 - condition 7).

1.3.4. Experiment I.c! Ineongruent Sensery information and {Pseudo~)

Coriolis effects

 

The experimental conditions were chosen in such a way that the vestibular

stimulation was modified either by congruent or incongruent information

[rom the other sensory channels as can be seen from Table 1.1.
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means that the stepping acceleration forward or backward was always

3°fsec*. The stepping was left free to the observers. Nine subjects partici-

 

pated. The same procedure was used as in experiment 1.b. which means that

eondition B served as standard (5), However, this time this condition was

aiso ineluded in the stinwlus conditions. Again, the conditions were

presented in random order.

Table 1,11. shows the stimulus conditions and the results, It turned out {

rhat the stepping direction determined the direction of the CV. fhe

differences in magnitude cf Cerdielis effects in conditions A and C are

impressive as is also the case when vision is present : conditions G and 1

introduce an even greater difference in Coriclis effecer. Ry comparing the

scaling in conditions B, 4 and G the sane phenomenor ts seen as already

mentioned with experiment 1.b.: the more sensory systems provide congruenc

information, the less the vestibular Coriolis effect. Again it is seen that

ASA (condition BD) induces Coriolis-like effects, conform the findings of

experiment 1.b.

t.4. DISCUSSION

Fron the previously described experiments it may be concluded that the com-

plex somatosensory information of the stepping around is sufficient to in-

duce a compelling illusion of self-mation. The finding that ASA is perceived

as RSA, that. during ASA nystagmus and Coriolis-like effects can be induced,

that Latencies and possitive after effects occur, strongly suggests similari-

ties with the perceptual and motor effects of optokinetic atinuLation,

 

Nystagmus fias been reported to occur alse stimulation of other parts of

the somatosensory system as well, such an Lursien of che corvieah vortel

   

column (cervical nystagmus ; Bos and Thifipsxoon, 1963) ox pi iver rots

 

of the extended arm about a vertieal axis in the shoulder jotut (artliron

fimees Chere is an

 

kinetic nystagmus 3 Braade ec al., |977}. In beth

direct stimulation of Lhe vestibular system. Aruivekinetic uystcquus is

 

accompanied by an epo-motion sensation, and both che vyslaguus aud the CV

exhibit latencies and posiGive afler effects. Torsion of the cervieal

vertebral column shows that, apart from the cervical nystagmus, it is

possibie to induce a sensation of head movements as wan, So, obviously

the role of the somatosensery system in dealing with rotation is very com

plex as stimulation of different parts of the somatosensory system already

results in CV and nystagmus. This indicates that within the somatosensory

system integration of afferent signals is performed, especially clear from

the complex excitation of the different receptors during stepping around

(ef. the fact that no difference in magnitude of the CY is obtained with

the | and 2 Hz stepping frequencies, indicating integration of the step~

size and the bending of the feet).

It is highly probable that especially the joint receptors, which transfert

information about position of the joint as well as the direction and speed

of movement, are involved in the contribution to kinaesthesis (Skoglund,

1973). Four types of joint receptors are known : (1) Ruffini receptors in

the capsule, (2) Golgi-tendon-organs in the ligaments, (3) Pacinian

corpuscles and (4) free nerve endings. The nervous pathways of the joint

afferents project to the cortical somatic area i and 2, probably espacially

to area J, very near to the veseibular projection field 2v (Frederickson,

1974). Ehere is also a somatosensory projection £o area 3, a cortical locus

in which neurons respond te movements of several different joints, even from

both sides of the body {Sakata, 1974). Coavergence of vestibular and somato~

ilo levei has been cs

  

sensory siyoeds at core ibbisted several times ( see

  

Frederickson, 1974) cand is functional beeause both systems give informe tion

 

nboul position and movements of the body ¢

 

Lrex ané Buettner, 1978). Since

at the level of the vestibular onelud a yisual-vestibular convergence has

been established (i.o. Diehyans eb af., 1973; Waespe and Henn, 1977) as well

 

ws a naLosensoryovestibular eoaverpence (irederickson ¢f ak., 1966 5

  

Deecke cho al., [077 5 Rubin ot as., #978), and since it is possible to induce

simifar perceptuad and ceautemocor phonomena during ASA and optokinetic

serycvestihular convergence af the Level of the

       

np oa robatinp ehiiy, is Fixed onto an

in |5 sec at w constaat

induced ui te the arthvokinerie

i6 possinive ateer effects. The subject initially

movement of the body, which cefleats the actual stinarkation, After

cane secouds, however, a woveinaut of the husd is perceived relative to the seemingly

de. Aéter eFfeces are not clear, probably heeause the head remains

ad, which means Elat protably ‘uo rotation’ fs signaled after the

stop (of.the ASA after effercs}.

ated over
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vestibular nuclei and thalamus can be assumed for the stepping areund as

well (Bles and Kapteyn, 1977}. It is interesting to note that the vestibular

nuclei are under control not oniy of the vestibulo-cerebellum, but also of

the anterior and posterior vermis which do not receive primary or secondary

vestibular afferent information. These areas integrate impulses from several

sources, especially spinal, acoustic and visual inputs (see Pompeiane, 1974).

This fits in weil with the present finding of seif-motion sensatica induced

by the somatosensory and visual systems. An auditory induced CV and

nystagmus have also been described in literature several times (Dodge, 1923 ;

HRennebert, 1960}. These auditory induced phenomena are not very impressive,

probably because of the lack of spatial exrensiveness of only one sound

source, as discussed by Marme and Bies (1977). However, Lackner (1977) claims

an induction of CY and nystagmus by means of 6 different sound sources which

might be enough for spatial extensiveness.

From the Foregoing it might be concluded that the function of the vestibular

nuclei is much broadexy than the name suggests : it seems reasonable to assume

that for self-metion perception induced by any movement sensitive system, 2

madulation of the discharge rate of second order neurons within the

vestibular nuclei is a necessary condition. This fits in with the wellknown

facet thac che vestibular nuclei, the cerebellum and reticular formation

together form the unit which is primarily concerned with the maintenance of

postural equilibrium. So far, the nevrephysiological findings fit in with

the psychophysical data. An important Feature of the ASA induced CV is the

torsion of a.o,. the feet, This seems to be essential for inducing CV

because stepping on a “trottoir roulant" induces Linear Vection and not CV,

fhe stimulation of the otolithic system is the same for both cases (vertical

head movements) and the semicireular canals are not stimulated, On the ether

hand it is not the tersion of the feet alone, the stepsize is importkiank too,

Thig can be derived from the fact that the stepsize and the joint torsion

are inteprated during the | and 2 ll stepping rate in such a way thet the

magnitude of the perceived velocity remains unaltered (ef. expertinent I.b.,

conditions 3-8 3 4-9). Such an integration teleolagieally is of functional

value for more complex sevement patterns.

Also funtional is the result of experiment [.b, that there is no difference
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jin magnitude of the CV as induced by the sensory systems individually or

jn congruent corbination. In principle this offers the possibility co

maintain an adequate spatial orientation, even in those situations in which

not every sensory system is provided with information or in these cases in

which systems are impaired somehow and therefore incapable to transfer

information.

Congruent stimulation of the sense organs offers the possibility to get

information about the space constancy mechanisms under normal daily-life

circumstances. It ig incongruent stimulation of the sense organs which

provides the possibility to become informed about the interactions and the

particular sensory weight of the different systems in the integratioz

process and perhaps to get more insight into the (perceptual and/or postural)

behaviour of patients with an impaired orientation system. The magnitude

estimations of the Coriclis effects as obtained in experiment 1.b. and 1.c.

are instructive in this respect.

The somatosensory-vestibular interactions in the Coriolis-like effects as

found in experiment J.c., condition A,B and © (Table 1.11.) show exactly

the same behaviour ss was found for the visual-vestibuler interactions in

the Coriolis-like effeers (Brandt et al., 1971). It is imteresting to note

the considerable differences in magnitude between condition A and C despite

the fact that the magnitude of the ASA induced Pseudo-Coriolis effect

{condition D or F} is relatively smaii. When vision cooperates with the

sonatoreceptors the incongruity with the vestibular stimulus (condition T)

results in a very velkement reaction, Some subjects had even serious

difficulties to remain upright. Wowever, the Coriolis effect is remarkably

reduced when the three systems are in physiological agreement (condition Go),

which is the normal duily-iife situation. These findings are in agreement

with the Findings of experimenc 1.,

In discussing Coriolis and Pseudo-Corivlis effects the Purkinje effest must

be mentioned also, Purkinje (1820) juduced similar sensations as assuciated

with the Corlolis affect by bending his head, directly after a constant

velocity retation. in Cis case there iy of course a dilferent imtersensory

coafiict as now the Coriolis forces are absent. ln fact, it is only the



velocity vector fixed to the skull which changes its position according ments performed by subjects stepping in darkness om a rotating platform

to the head movement ; a tilt of such a vector induces tumbling sensations without stimulation of the semicircular canal system. This means that the

and this is in conflict with the information of the graviceptors (Guedry, last effect should not be called Pseudo-Purkinje effect as done by Bles

1974}. Guedry associates the Pseudo-Corialis effect with this Purkinje and de Wit (1978).

effect, because in the Pseudo-Coriolis effect the Coriolis forces are

absent toc, cf. experiment 1.b., condition 8 and 10). However, care should

be taken to cali condition 8 or 10 a Purkinje effect since Purkinje performed

his experiment after real stepping around with eyes open : in this case we

are dealing with optokinetic as well as somatosensory after effects which

are certainly playing an important role (Dichgans and Brandt, 1973 3 Bles

and Kapteyn, 1977 3 see also chapter 2), so the real Purkinje effect is

highly complicated. In experiment 1.5. this could net be demonstrated as can

be seen by comparing condition 8 and 10, although it was possible in some

cases to induce Purkinje-like effects after the Apparent Stepping Around

(condition 9}. However, Purkinje made a sudden stop which for mechanical

reasons is impossible to realise with the drum : the maximal possible

deceleration is 20°/sec? , So the subject gradually slows down, reducing

the after effects (cf, the tack of clear after effeces in the pilot

experiment). In terms of definition it is aot only the Purkinje effect that

may cause confusion : one might also question if condition B in experiment

l.c. is a purely vestibular Coriolis effect. One can argue that in that case

the subject ig standing still which means that the somatosensory signal of

"no movement" may influence the vestibular information about acceleration.

This explanation is supported by the finding that the CV as induced by

caloric stimulation is dependent on the body position of the subject

=standing or sitting~ (Kapteyn and Bles, 1977 ; see also chapter 2).

In order not to add to the confusion, it is reasonable to speak of

(1) Goriolis effects when we are dealing with head movements performed by

subjects sitting in complete darkness on a rotating chair which rotates at

a constant velocity,

(2) optokinetically induced Pseudo-Corlolis effects when we are dealing with

head movements performed by stationary sitting subjects viewing a rotating

surround (cf, Dichgans and Brandt, 1973) and

(3) ASA induced Pseude-Coriolis effects when we are dealing with head move-



CHAPTER 2

CIRCULAR VECTION AND HUMAN POSTURE

Suaraead

Roiatory vestibular and vieudt atimlatron may result tn postural changes

gueh as body torsion and tateropuiston, Ib is found that the direction of

the lateropuleton of the body ts eppostie to the diveection of the nyetugnsa,

whereas the body torsion i9 in the sane dircetion as the CV. ? he pesutts

are compared wtih published date.

2.4. INTRODUCTION

 

tt is 2 common experience in vestibular clinical routine examinations that

the vestibulo-spinal tests ("Unterberger Tretyersuch", Unrerberger, 1938 ;

"Fukuda Stepping Test", Fukuda, 1959) are less sensitive and subject to

more voluntary control by the patient than are vestibulo-ocular methods.

Extra-Labyrinthine influence on the vestibulo~spinal reflexes is thought to

cause considerable intra- and interindividual differences which restricts

the clinical value of these ataxia tests as a diagnostic tool.

Still, postural reactions to vestibular stimulation have been studied in the

laboratory. Several methods of stimilation have been used such as caloric

ivvigation (Fischer and Wodak, 1924 ; Aubry et al., 1968 ; Kapteyn, 1973)

ox stopping abruptly a constant velocity rotation (a.o. Purkinje, 1820 5

Fischer and Wodak, 1924). Visual stimlation by rotating Surrounds also

results in postural reactions (Kapteyn, 1973 5 Koiteheya ce al., 1976 5

Miyoshi et al., 1978). ‘fhe resulting postural behaviour on comparable vosto

ibular or visual stimulation is, surprisingly enough, not always identicsd.

The somatosensory, vestibubar and visual convergence ip inducing CY has

been denonstrated in chapter Lo; the influence of CV ou postural bebaviour

during visuat and vestibular stimulation will be discussed in this chapter.

In literature the subjective sensations are mostly disregarded, but just

these sensations might be of interest the more so as it was Found by chance

that an abrupt stop after actively stepping around resulted in a similar

nystagmus pattern as stopping a passive retation, but that the CV was

opposite in direction as also was the case with the body torsion,

2.2, APPARATUS AND METHODS
a

nn

2.1.1. Caloric irrigation
 

Caloric irrigation is used as a routine examination in otoneurelogy to test

the function of the korizontat (lateral) canals seperately. Syringing water

(30° or 44° CG) into the external meatus results in an endolymph flow in the

Lateral semicireular canai if this is positioned in a vertical plane by head

tilc. Water of 30° C elicits a nystagmus bearing to the contralateral side

of the irrigation and water of 44° ¢ a nystagmus beating to the ipsilateral

side, indicative of an ampuiicfugal and ampullopetal flow respectively. In

the present tests caloric irrigation was performed with icewater (50cc in 20

sec). lcewater was chosen in order to guarantee @ clear reaction in spite of

the not idcai position of the lateral canal (inclination of about 30° with

respect to the horizoutal plane). Tne head had to be in the normal position

during standing because atherwise the stability is already affected (see

also 5.3.1).

9.2.2. Visual Stimulation

 

 

‘The optie stimulus consisted ef a stripe projection on a screen (horizontal

: Oo . ‘

vigual angle 270° radius of curvature 75 om). The height of the screen was

such that the sereen covered the visual field completely. Stimlus vetocities

could be varied up to 120°/sec both to the left and to the right.

2.2.3. Body~rotatioa
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It is known that, due to semi-circular canal mechanics, an abrupt stop

following a constant angular velocity rotation results in a fast cupula

deflection, followed by an exponential return to the resting position

(van Egmond et al., 1949). This kind of vestibular stimulation was induced

py two different methods : the stivel! method, which means that the subject

is stepping arcund on a spot for some time after which he stops by commarid,

and the “passive method, which means that the standing subject is rotated

on a hand dyiven platform. In order to obtain an identical vestibular

scimuius (% 90° sec for % 30 sec) in the active as well in the passive

ease, the subject was stepping around trying to make as smooth head movements

as possibla,

2.2.4. Recordings

enc

na 

In all situations the horizontal eye movements were recorded by means of an

electronystagmograph (AC, time constant 5 sec). Apart from the visual

stimulation all measurements were performed with eyes open in total darkness.

The mean nystagmus slow phese velocity (SPV) was computed for each 10 or 20

sec recording period.

The body torsion was measured by a torsion meter; 2 device which registered

the angle between the shoulders and the feet. It consists of a horizontal

bar, the rotation angle of which is registered by a potentiometer. Two

(parallel) elastic cords comnect the ends of the bar to the shoulder of the

subject. This permits free swaying of the body. with such a construction

torsion of the body can be measured independently of a possible foreaft or

lateral body sway, The mean torsion during each J0 or 20 sec recording

period was computed.

The postural sway was recorded by menns of a skabilometer which recorded

 

the fereaft avd Llararal movements of the centre of pressure as exerted by

the feet. The stabilogram consists of two plates (#50 em), the centres of

which are conneeted ta each other by meaus of a bar, When a subject ts

standing on the cop plate, the pressure exerted on that plate is reflected

in the bending of the har. By means of straingeuges the bending of the bac

ean be recorded as has been deseribed elsewhere (Kapteyn und de Wit, 1972).
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‘The version used in these experiments has been modified in such a way that

the total height of the top plate from the floor is only 10 em. The maximal

bending of the bar is less then 5’ (not perceptible by the subjects standing

on the stabilometer) and a resonance frequency of over 70 Hz {van Waveren,

1978). The recording obtained of the body sway in two dimensions as a Fune=

tion of time is called stabilogram. As has been discussed extensively else-

where (Kapteyn, 1973) such a stabilogram does not represent exactly the

movements of the centre of gravity. However, apart from the very fast

dynamic corrections, the stabilogram is a sufficient approximation of the

movements of the centre of gravity. The mean position of the centre of

gravity and the Root Mean Square value of both the foreaft and lateral

skabilograms were computed each !0 or 20 sec recording period, For technical

yeasons neither the stabilogram nor the torsion meter could be used with the

rotatory stimuli so the direction of the Lateropulsion (= induced body ciit)

or body torsion had to be derived from video recordings in those tests-

All experiments described in this chapter, including the verbal communication

about the CV, were recorded completely on sound- and video- tapes,

2.3, EXPERIMENTS AND RESULTS

2.3.1. Galoric Irrigation
  

 

Eight subjects were submitted to irrigation with icewater of both ears

subsequently while standing upright. Analyses were performed of each 10

sec recording periods.

The results are shown in Fig.2.1. The nystagmus beats into the expected

contralateral (relative to side of irrigation} direction with a maximum

reached about 40 sec after onset of irrigation. Body torsion is found to

pe into the ipsilateral direction. Rather unexpected the CV was reported

to be im the ipsilateral direction (se opposite to the nystagmus) for ten

cases ; five times a corresponding egocentric motion sensation was reported.

Only once a CV into the contralateral direction was reported and in that

case a body torsion was found tc be also in the contralateral direction.

27



n8

 

 

|

te "90°40. 0°80100 120 ¥4o 30°40 60 80100 120 140

(Wed Ro | (

4 ao i a ttt. i

SeerPhase ne = td DTH
low Phase Foog

ee ee Tos

Velocit — lat To at
oeny { 20'- hs etttr

(°) ett i2 mf g4uiu,
i iittala, (ate th LSTtes
Torston = find L [ Ks as

+
L  

(arbitrary units)

tai

 

RMS Oj “pot
Foreoft Stab. See

|
{arbitrary units) |_ «dlat ~| ‘

- Tees)dEms He ALT
Lateral Stab. te oatt8at EiltsForoatt 20 pag i

Matin =bat ae
B a ;

(mm) nm

BE

Lotaral $ 40\- ' x my |

Meee Kosten fe ees! | Loree

, 4 1 ore | 3 

 

   

2.1. Mean values

Co fsec), 2
{arbitrary uni

of gravity of

ixrigatiou ul

  

 

e
y

 

 

     

nag

 

Wystagmus
Slew Phase

farbitrary units)

darbirary units)

 

. 40L GOrR 7OrL JOR WOKE 100+R 7OFL 7O-R AL 40%R

a) 60. 90 #120 10 WO 210 240 270 a00

e &

fer Aa whoclsndewes i ail; mresroonessdlt |
it ! : : | .ea G GT ro

tog

R 20f-
+
: E. EEata ] Be eeefree THEE ype ofa uae

Lb 20}-

2c} Box nil

Foreaft Stab. Se alo coo reacts. rl | I | i j | | | | 1 | j i

20]- | | !

ot Abeerele ir el el

 

F

t 26 ! | He ay fee + co = | os

an Position poh weasel psec rh “1. J Ee ba Ss, “7h. sshishovs i
Mean Po ‘ sol. of i |

R

4 40

Macneil +i i | i 5 | : aeee

oa

a

L  

           

Meua yadoes

("fsee), 1
(arbitrary a
of genvity it

stimelation.

hevel prior

   

pe Loyyr am

 

at Peder

29



From the stabilogram analyses it is seen that the irrigation results in a

decrease of stability of both foreaft and lateral body sway with the maximum

instability about 50-69 sec after onset of the irrigation. Furthermore the

analyses show a shift of the centre of gravity to the ipsilateral side.

A slight shift forward is seen after irrigation on the left side while a

shift backward is seen after irrigation on the right side.

An analysis of the sound- and video tapes taught that the extent of the

body torsion was related to che inteasity of the CV, The body torsion was

mostly maintained yp to the moment that the subject became aware of his

torsion after which a correction was made : at the same time the CV had lost

its compelling character and ended rather abruptly. From the video-tapes it

was clear that the shifc of the centre of gravity found from the stabilo-

metric data was not only due to a torsion of the body but also due to

lateropulsion,

These subjects were also submitted to calorization when sitting straight

(same head position as in the "standing" condition). Because of the small

postural reactions no analysis could be performed. The verbal reports of the

subjects were uniform : all subjects experienced CV, llowever, the reported

CV by caloric irrigation in the sitting position was in accordance with the

nystagmes, i.e. to the non-irrigated side, so opposite to the direction as

obtained in the standing position.

2.3.2. Visual stimulation
 

 

fhe eight subjects who participated ia the foregoing wxperiment were also

submitted to visual stimelation while standing upright. The movement of the

stripes was alternately to the left and to the right. The speed was dacreased

and decreased, maintaining each speed for 30 sec (40° ssee > L, 40 *R,

70> L, 70> R, 100+ L, 100+ R, 70> L, 70> k, 40 -+ t, 40 + R).

The nystagmus SPV, mean body torsion, and the #45 and mean pusition of the

foreaft and lateral stabilograms were computed from the iast 20 see of each

stimulation period only in order to avoid the disturbances at the transition

points.
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The results are shown in Fig. 2.2. The torsion is seen to be in the same

direction as the optokinetic nystagmus. The verbally reported CV was in

accordance with the nystageus, so opposite to the surround mction. Two

subjects showed neither CV nor body tersion. The RMS for both the foreaft

and lateral stabilograms showed an increase, but the values are considerably

below the levels obtained with the caloric irrigation. The mean foreaft

position shows a forward shift of the centre of gravity, ‘he mean lateral

position shows a shift into the direction of pattern motion. The video-tapes

taught that this was mostly due to lateropulsion.

In the sitting position corresponding findings were recorded, but the body

torsion and the Lateropulsion were of course less intens,

2.3.3. Active and Passive Rotation

Light test conditions were chosen as tabulated in Table 2.1, in which also

vision was incorporated. These test conditions were presented in random order.

Right healthy subjects participated in this test. Four subjects always

rotated to the left, the other four subjects to the right.

The results o£ the body tersion and the reported CY of the period after the

stop are shown in Table 2.1%. It is seen chat the body torsion goes into the

preceding direction after active rotation whereas it goes into the opposite

direction after passive rotation. The same holds for the direction of the CV,

The nystagmus recordings were not analysed bue fox the direction ; the

nystugmus always beat into the expected direction, i.c. opposite to the

preceding movement. Laterapulsion following passive rotation was, if present

at ali, too weak to allow a correct description. After active rotation the

the opposite direction as the nystagmus.

2.3.4. Summary of Experimental Resuits

If the experimental resuits are tabulated in such a way that the nystagmus

31



During Rotation After Rotation Candition

 

 

 

 

eyes open b ADD

eyes open —
eyes clased 2 soc

active
as

eyes open 3

eyes closed
“~~ oyes glosed 4 acc

eyes open 5 POO

eyes open >

— eyes closed 6 Pac

eyes cpan 7

ayes crore
ayes closed 8 Puc

Table 2.1. Survey of the test eonditions.

Subjects. Conditions

A0O Aac ALO ace rot poc PCO FCU

a 2044 3 € 0} 2 ( 2) 2 ¢ 2) 0 (1) Q (-1) 0 (+3) 0 (+2)

b 1 € 2) 6 ¢ 0} o€0) 1 ¢ 2) iC 4} 0 (0) ~1(-2) ~1(-3}

e 242) 2¢3) OC 1} 2(3) =1(-3) -2(-3) 24-3} 22K}

a airy 202) 3902) 300) OF OE UCH DH 8 Ee

e 3¢3) 3 (3) 34¢ 3) 304) -1(-3) -2(-3) =1(-2) ~h{-2)

' 2 (2) 1 ¢ 0) 10%) 12) 6 ¢ 9) -1(-1) 0 (3) i Gory

B 3 € 4) 2 (3) aq ¢ 90) 14) -1¢ 0) -2{-3) =1¢ 8) -2(-3)

lh 2 ( 0) 1 ¢ 0) a ( 8) 3( 1) 0 { 4) ~2(~2) 6 (9) -1(-2)

men

vetou ley 102.2 1u9.4 $2.0 101.5 UA.4 33.4 68.4 95,0

st. lew, TH 15.9 17.0 13.8 13.3 17.7 ost

 

         
  

VYabiv 2.dd. id Uv ore

gor nek

av CQ)ae EV |G

(4s) eosit psa, Ge
tachi

      

Trow acdive
{spose }

  
  

  

32

olatian,

 

Calorie irr. Galerie Irr. Optokin. Ostokin. Following Following

 

Active Passive

Ratetion Roration

standiug Sitcing Standing Sitcing Standing Standing

Nystaemus L i L L L L

cy R L L l R L

Lateropulsion R = R R R =

Bady Torsion R = L L R L

Tablo 2.2EE- Survey of experimental results tabulated in such a way that

the nystagmus beats to the Lefer.

beats to the left, the results can be summarized by table 2.1TT.

By inspection of Table 2.If1, it is seen that on the one hand nystagms and

Lateropulsion and on the other hand CV and body torsion seem te be related

to each other.

2.4, DESCUSS TON

 

Caloric irrigation causes postural changes which are described by Fischer and

Wodak (1924) in detail : they distinguish two body movements known as body

torsion C'Korperdrenref lex") and Laterapuision (" Srperneigungsreflex''). With

crained subjects they found that irrigation with cold water resulted in body

torsion and lateropulsion to the side of the irrigated ear and possibly a

fell to this side and beckward. The experiments described above support such

a distinction between torsion end pulsion but the postural reactions were

not as clear and longlasting ag claimed by those authors {up to 30 min.!)-

The lateropulsion and the body torsion found in the present experiments are

in accordance with the description given by Fischer «nd Wodak. From Figs. 2.4.

it is seen that the foreaft movement af the centre of peavity Ls dependent

on the side which was irrigated.

It is quite possible that these foreart movemeats are uaused by body torsion:

body torsion may cause a shift of the centre of eravity in both fereafe ane

jateral direction but tle divectiou of the resulting shife is individually

determined. ‘This explains perhaps the different conclusions drawn from

stabilometric recordings by Aubry et al., (1908) and Kapteyn (i973) who dee

not take into aceount that body tersion per se already may resali tna shife

of rhe centre of gravity, the direction of which is individually determined.
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Comparison of the induced body sway by visusl stimulation with stabijometric

data in literature (Kapteyn, 1973 ; Koitcheva et al., 1976 ; Miyoshi et al.,

1978) is difficult because of the same contamination ef the body torsion and

jateropulsioa in the stabilogram end because of the lack of information about

the possibly present CY. In the present experiments che existence of CV

determined more or less the presence of body torsion. The CV and torsion

were found to be in the same direction too. From the scabilogram analyses ar

increase in RMS values can be seea both for the foreaft and lateral body

sway indicating a visual destabilization of free stance. The instabilicy,

however, is less than the instability induced by calorization, It is also

gaen from Fig. 3.2. that the centre of gravity shifts forward, probably in

order ta improve stability. Furthermore, a lateral shift of the centre of

gravity is seen in the direction of visual pattern motion which is in

agreement with the experiments described in chapter 3 and 4.

The differences in direction of CV after active or passive rotation were

also found by Correia et al. (1977) and Guedry et al. (1978).

The findings concerning the body torsion following active stepping around

are in agreement with the findings of Purkinje (1820) ; Purkinje, however;

did not mention a CY but reported about the sensation of a force which tried

to retate the body in the preceding direction {sengation of body torsion?).

The direction of the body torsion after passive rotation in free sitting

subjects should be in che preceding direction according to Fischer and

Wodak, sa different for free standing subjects.

Lateropulsion during angular acceleration in sitting subjects is described

by Torok and Kahn (1960). From the experiments by Wapaer et al. (1951)

concerning the visual perception of the vertical during body torsion around

the vertical axis, a Lateropulsion may be deduced as well, because they

showed 2 tilt of the subjective vertical during acceleration. By eLeetric

stimulation of the ampullary nerve of a Lateral canal in alert cats and

monkeys Suzuki. and Collen (1964) also obtained body and Limb responses which

can be described as body torsion and latevopulsion. The postural elvnges

Geduced [rom the cited literature as well as from the deseribed espertments

are summarized in fable 2.17V. Apain, Lhe results are arranged in such a wity
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Calorie Irr. Oaloric Ivr. Optekin. Optokin. Following Following Rocation Electric

Active Passive Acceler. Stital,
Rotation Rotation

 

Standing Sitting Standing Sitting Standing Standing Sircing Standing

Nystagmus L u L L L L L L

cy RK BE L kh R L le tod

Laterepulsion R R R R = R R

Body Torsion R < L L R L - B

Tahle 2.1¥. Survey of experimental rasults. For explanation sae text.

that the nystagmus is always to the left. In this table two interesting

aspects are seon concerning the lateropulsion and the body torsion : the

lateropulsion is always coupled with the nystagmus (i.e, they go into

opposite directions, whereas the hodytorsion is always coupled with the

CY (i.e. they ga into the same direction). From a physiological point of

view it was to be expected that the nystagmus and the CV should be in che

same direction, However, from Table 2.1V. it is clear that there are three

cases with unexpected direction of body torsion and CV (i.e. “folloving

active retatien, standing” , “caloric irrigation, standing" and “electric

stimelation, standing” akthough in the last case the CV of the monkeys is

aut known of course}. From the (findings in chapter 1 lt might be deduced

thak the tack of che reversal of the CV in the case *€ollowing active

rotation, standing” ds duc to 3 possitive after effect of the somato~

sensory system involved in the slepping around. What kind of somatosensory

interference Lakes place in the ethec lwo situations is nat yet clear os a

similar somatosensory interference would ae induce CV, an the subjects

are standing only, and certainty na reversal of the direction of Lhe CW.

Obviously, Lurther research is required before definite conclustons can be

reached, the more so since in a cecene study fitger (personal conmunieset ton)
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Found a dissociation between body torsion and CV after passive rotation when

aorking with a motor driven platform {abrupt stop after constant angular

j 4 ° ie ee
yelecity rotation of 90°/sec). She confirmed, however, the CY findings of

the present experiments.

Tn conclusion it can be stated that an important parameter in studying human

posture by stimuli which wight induce CY , is whether a CV is experienced

indeed and, if so, in what direction. This might be helpful in explaining

the sometimes compietely opposite postural behaviour of some subjects since

the direction of the CV (c.g. the torsion) is net always the same for each

subject especiaily in the more complex (standing) situations.
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CHAPTER 3

ROLL VECTION AND HUMAN POSTURE

Summary

Rotation aj the vistble aurround about the Line of sight vesutte tn rotl

neebion and a shift of the eentre of gravity in the diregtion of pattern

moEDON.
As a prelude to the tilting voon expertmente in whitch the rotation axis 72

ab ankie-height, one experiment ts deseribed in thte chapter in which the

rotation qeis is at eue-level. Tt ie showa that the postural behaviour is

different whon the position of the rotation exis is fixed in space or

ig fined relative to the head. These findings ave discussed and eanpared

to date known from literature.

3.1. INTRODUCTION

 

Rotation of the visible surround about a sagittal axis coinciding with the

line of sight of a subject in upright position (to be ealled "Optic Roll,

may result in a sensation of rotation ja the upposite direction, to be

called Roll Vecthon, This is comparable with Cireular Vection with, however,

one important difference. In case of CV the axis ef rotation coincides with

the direction of gravity whereas in case of RV Ulose directions are per-

pendicular to each other. It is therefore not surprising that che sub-

jective experience in Roll Veetion is rather complex, in fact paradoxical :

one experiences a rotation but the upside down position is never reached.

Such a sensation is often experienced as unpleasant (cf. the Coriolis effect

in t.1.).

Optic Roll has been used in order to study che infLuence an the subjective

and postural vertical. For better understanding of the effeets of the Opt ic

Roll some of the publications on this subject will be reviewed briefly.

{a) Diechgans et al. (1975) and Held et al. (1975) in their experiments used
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a rotating disk which was covered with circular dots of different sizes.

This disk was monocularly viewed in such a way that the visual field was

Limited to 130° of visual angle. A coaxially mounted small disk, one half

painted in black, one half in white, just in front of the disk's surface,

could be rotated by the subject in order to adjust the partition of the

white and black halves to his subjective vertical. Dichgans et al, (1975)

found a systematic cilt of the subjective vertical in the stimulus direction.

At a stimulus velocity of about 30°/sec the effect is saturated for healthy

subjects with a tilt of about 15° {one subject even showed a tilt of over

40°). The effect reaches its maximum within 26 seconds. These findings were

confirmed by Held et ai. (1975).

{b) In a second experiment Dichgans et al. (1972) used a link-trainer. Yia

the trainer windows an Opric Roll was presented by means of a projector on

top of the Link~trainer. The subjects were asked to keep the jink-trainer

in a horizontal position by means of a hand-controiled stick, despite

mechanically induced positional disturbances. It appeared that the subjects

mismatches the position for 8.5° on the avarage, again in the direction of

the Optic Roll.

(c) Dithgans et ai. (1976) investigated the influence of the Optic Roll on

posture too. In order to induce an Optic Roll they used a hemispherical

dome with a radius of 40 cm, again covered with coloured patches. The

average displacement of the centre of gravity in the stimulus direction was

found to be about 6 mm with healthy subjects. Dichgans stated in another

paper (Dichgans et al., 1975) thate after a sufficient cime of stimulation

most observers were unable to avoid Fatling down in the direction of screen

rotation,

The explanation of postural behaviour in (c) is given in terms ef a confhict

between vision (signaling Roli Motion) and the praviceptors (signaling no

change in body position) but this would be true only if the rol! axis had

been at ankle-height. This can only be obtained with a dome with a diameter

of at least 5 m, which is of course quite a construction : Chem the visual

information in case of Roll Motion of the dome or Roll Motion (fail) of che

subject would be exactly the same. The difficulty with the smali dome is that
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a lateral shift of the head of the subject in front of the dome results in

a retinal shift of the whole dome, because the dome is fixed te the wall.

Such a retinal shift might be perceived, indieating the shift of the head,

resulting in a readjustment of the body, So with free standing subjects

vision might play a stabilizing role as well. This argument is completely

disregarded in literature. The aim of this chapter is to show che validity
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ef the argumene. Without such a Large dome Cretaking axis at ankle-height,

Su in alivmeter) it is not possible to rhorouplily imuvesiigate the influence

of Roll Veetion on posture as it shoudd be done, but it is werch co be done

in view of the lilting room experiments fo be deserihed in the next chapter.

3.2. APPARATUS AND MMitC

 

3.2.1. Phe Opeiea Koll
 

Roll veccion was induced by means of a hand driven hemispherical dome,

diameter 50 cm, the surface of which was covered with coloured docs. This

very light device was connected te an aluminium bar construction (one-point
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stand) as depicted in Fig. 3.1, The construction was either fixed or

standing with a point on the floor in which case the subjects kept holding

tt. In the latter case the dome remained in the same position relative to

the head. Because the dome is hand driven it was decided te use the

following procedure, The observer closed his eyes after which the dome was

set into motion with a too high velocity. The time requirad fer each

revolution was recorded continuously and when the velocity had decreased

to about 300°/sec (+ 40°/sec) the subject was asked to open his eyes. The

stimulus was maintained for 30 seconds.

3.2.2, Posturography

 

The body sway wag recorded by means of the stabilometer as described in

2.2.4. Part of the experiments was performed with a piece of foamrubber

(height 19 em, s.g. 40 kg/m?) placed on top of the stabilometer and upon

which a rigid plate was attached, In this way the position of the feet to

one another does not alter which makes the exteroceptive information of

the ankla joints even less effective. The position of the head with respect

to the dome was continvousiy monitored with a videocamera. All proceedings

ware recorded on sound- en videotapes,

3.3. EXPERIMENT AND RESULT
 

 

ly subjects without previous experience with

 

In this experiment 2 lea

were submitted co four resteonditions :

 

such experiments pect icipated.

Ae Dome in fescds - no foumrubber

B. Dome in hands ” with foamrabber

Ga Dome fixed - ne foamrubber

D. Tome fixed - with Joamrubber

10 of the subjects were submitted to a clockwise (GH), Ud al the subjects to

a counterclockwise (CCW) Optic Roli. The four conditions were randomized.

The results are shown in Table 3.1.
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Subjects Conditions Stimulus
 

 

 

direction

Dome in hands Dome in hands Dome fixed Dome fixed
ne £oamrubber vith foamrubber mo feamrubber with foamrubber

j = + ri, 19 = > ri, 4 cu
2 >i, 21 +yrl, 25 - el, 5 oH
3 & +le, 5 > ri, 28 > rl; 2 ou
4 + yi, 24 le, 4 a +r, 5 cu
5 eri, 4 4+ri, 4 > ri, 5 > ti, 6 cy
6 + ri, 10 +ri, 18 = ry wi, 10 cy
? = = : > ei, $5 ch

3 + ri, 12 works 15 > os > ri, 6 CK
3 ri, 7 ~ri, 4 »~ ci, 10 > vi, £0 cu
10 “ ~ - - on

ut + le, le tLe, 10 = m te, 10 CCH

12 ~le, 5 +le, 4 - > le, 5 och
a >in, 20 “le, 3 - >+ile, 4 ech
1% - +khe, 20 > le, 24 > la, 20 ecu
to » Le, 10 ~le, le, 7 ~le, 7 coy
if the, 25 = + ie, 25 = ech

1? ~ he, 16 +~I1Te, 15 > le, 24 + le, 13 cok

19 ss + le, 29 n = och

i es +le, 4 - + le, 15 cy
28 » te, 28 #1ey 5 7 ie, 6 > le, 6 cey
24 = +e, 10 i + le, 18 ccH
22 * le, 10 * le, 17 = wees, af Gok

3 +~ de, 21 >the, 22 * 3 ece

 

2 $,f. Fall diréction and time before falling (in sec},

The effect of foamrubber on the stability during rolling is such that it

does mot matter whether the position of the head relative to the done

changes or net. In condition B 20 out of the 23 subjects fell over, and in

condition 019. This in streng contrast to the responses without feamrubber:

in condition A 15 subjects fell over and in condition C 8,

No clear differences in time before falling over can be established by

comparing condition A with C and condition B with D,

The stabilograms indicating the strong effect of a head-fixed stimulus as

obtained in condition A and © «an be deseribed as follows. If uhe position

of the dome is not echauped with respeet to the subject's head C-ondition Aj,

the stabLlogram is relatively quire 2 the subject stowly falds over. TE bie

dom: position is vet refaced to the head Ceoadée ian C), the stabi lograns

 

wre differene. Ui the subjeer falls aver, this ts rather abrapely aad Lf he

doesn't falh, the centre of pravity shift inte the stimulus direction, but
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the instability is considerable. Representative examples of the stabilo-

grams in condition A and C (of the same subject) are shown in Fig. 3-1.

3.4. DISCUSSION

 

 

In their studies about the influence of tilted reference frames om the

perception of verticality Witkin and Asch (1948) report about a sensation

which can be described as Roll Veerion, although they don't use this term.

in their experiment a subject, lying horizoneally on his side, views a

frame rotating slowly over 360° in a vertical piane. This frame (a square

frame, each side of which was 1 inch wide and 40 inch long) is tie only

yisible object in an otherwise completely dark room. This subject reported

that the frame (as the consequence of experienced aelE-rotation) was al~

ways in a fixed position although he saw it rotating. This was not a

continuous process, When che frame had rotated almost: to the point were he

felt bis head hanging down vertically, he experienced a change of the base

line of the frame to an altitude, and simultaneously the snapping back of

his body to the horizontal position.

Tor more detailed information about the influence of the Optic Roll on the

perception of verticality reference is made to Dichgans et al. (1972, 1976).

They as well as Maurits et al. (1977) give the following explanation for

the effects of Optic Koll stimuli, A postural sway (e.g. to the right)

results in a relative movement of the visible surround to the left. If

such a relative movement is simulated under Laboratory conditions, it

results in a tilt of the subjective vertical to the left and a correcting

body movement, also to the left. But as the initial body moyenent is

missing, this causes falling, whereas under real life conditions this

would have béen a correct righting response.

This explanation, however, seems Lo be appropriate to an Optic RolL with

muli with the rotating

 

posturographic experiments with fixed Optiie Roll

axis at eyeslevel, ag already wenlioned in tie introduetion J.b., ts

substantiated by the results of the experiment desertbed in 3.4, but ip

fact also by the link-trainer experiment us deseribed iu 4.t. sub (b>,

The shift of the link-trainer position of 8.5° is much larger than that

obtained with the posturographic experiments : a lateral tilt of the body

is maximal v 2° otherwise the subject falis over, In the link-tratner

experiment the Optic Rell remained the same in spite of the tilt because

che projector was positioned on top of the Link-trainer.

So in posturographic experiments with a fixed dome vision has not only a

destabilizing influence but stabilizes posture as well,

From the above mentioned considerations it can be derived that a fixed

Optic Roll stimulus at eye-level with free standing subjects is a complex

stimulus at the moment the subject moves his head. Therefore there is no

stationarity so ig is not permitted to Fourler-analyze the stabilograms

under such circumstances and to draw conclusions by inspecting the power

spectrum about. the influence of vision especially in the Lower frequency

range (Dichgans et al., 1976), These low frequency components probably

more reflect the time between the postural deviations as Dichgans et al.

(1975) state that ".... intermittent loss of roll sensation occurs

frequently and is accomplished by a simulteneous break-down of the induced

postural deviation.,..".

Roll Vection and the shife of the subjective vertical are accounted for by

assuming that neurally encoded signals of visual motion modulate signals

from gyvaviceptors at some level. of the nervous system (Dichgans et al.,

1972} analepous to the Circular Vection as described in chapter }. In case

of Roli Motion the involvement of the otelith system is a complicating

 

factor ; thu discuu mn about how the canal system or the ctolith system

might be invodved will be postponed until the discussion in 4.4,

43



CHAPTER 4

TILTING SURROUNDINGS AND HUMAN POSTURE

Summary

Stationary tilting visual evrrowulings influence the pereeption of verti~

catlity, shifting the subjective vertteat into the direction of the surround

tilt, Tt te shown that for standeng subjects this deviaiton is independent

of the position or rigidity of the foot support. Phe upright poattton ts

aleo influenced by the tilting surroundings, resulting ta a slight shtye

again in the direction of tilt. Sinusoidally tilt of the visual surroundtiage

induees a atyuaotdal body sway. this sway tnuereases when the somatosensory

information is veducad by the use ef fownrubber on the foot support, thereby

enhaneing tha sensory wetght of vision,

4.1, INTRODUCTION

 

The information of the otolith system (the utricle~otoliths, which register

the orientation of the head relative to the direction of gravity) together

with the somatosensory information about the relative positions and the

movements of parts of the body is sufficient to provide a correct gravite~

tional orientation. Directional structures in the visual field (mostly

horizontal or vertical} give additional information vie the visual channel.

Under everyday conditions the information of these sources is coherent. The

induced pereeptual space transformations by varying the body tilt and the

tile of the visual surroundiags, separately or in combination, have been

investigated extunsively mostly with subjeets in a sitting or lying position

 

(literature reviewed by Howard and Templeton, 1966, and by Bischal, 1974).

 

The influence of tijking surroundings on standing, upright bas been wenk Loned

in Literature only occasionally. According to Kdwards (1946) postural sbabi-

oO
Ltty is affected when hooking at a piebture hung 95 gstew. Ritaleitia anc thu

 

C1967} report that postural stabibity is shightly affeeted when sbarid tag ott
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a sinuscidaily tilting platform with stationary visual surroundings but

that stability decreases when the visual surround tilts together with the

platform . They state that the latter condition causes severe motion

sickness ; they observed that even a stationary tilted room could induce

symptoms similar to motion sickness, This last finding was confirmed by

de Wit (1972) and Kapteyn (1973) but only when the subjects were walking in

a stationary tilted room. In stabilometric recordings of subjects stand ing

on a horizontal platform in a room tilted over 20° Rapteyn did not find a

decrease of stabilicy when compared to normal circumstances. Stabilometric

data of de Wit (1972,1973) revealed that upright stance is influenced by 4

vertical illuminated bar that slowly tilts around a horizontal axis at ankle

height just in front of the subject ¢ in some cases a slight tendency te

follow the movements of the bar could de observed,

The experiments described in this chapter are in fact an excension of those

performed by the Wit and Kapteyn. Since peripheral vision is of special

importance for dynamic spatial orientation (Brandt et al., 1973) the bar was

replaced by a three-dimensional tilting room. With this device in combination

with a tilting platform the postural and perceptual consequences of static

and dynamic tikt of the room and/or platform were investipated. This chapter

deals with the reactions of healthy subjects whereas in chapter @ the influ-

ence of tilting surroundings on patients is discussed.

4.2. APPAKATUS AND ME'TIRODS:
 

4.2.4, TiLving, Rome 1
 

Tilting Room fo was a motor driven duviee, tilting laterally from the base, —

The front side was open. The back wali ($m < 2} was painted with alcerna-

ting black and white vertical stripes, each 1.5 em wide. The subject stood

in front of Lhe xvoom Coward Lhe open front side at a distance of |.5 m from

the back wall, The side walls, flowr and ceiling were of such dimensions that

the entire visual field was covered, The room was illuminated by two Lamps

of 75 W cach, mounted on the back wall ; the laboratory itself was completely

dark during the tests.
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The tilt. could be varied up to 15” to the right or to the left, A sinus- ‘

oidaily varying tilt could be generated in the frequency range From 1/60-

1/3 Hz. By means of a potentiometer the tilt of the room was recorded

during the sinusoidal tilt experimenrs with a view to further data handling.

For che static tllt experiments the tilt of the room was read from a pro-

tractor (accuracy + 0.02°), At the back wall a rotatable test-hbar (length :

50 em ; rotating axis at eye-level) was attached by which the subject indi-

cated his subjective vertical (subjective vertical (S¥) = direetion of

gravity as perceived by che subject). Im some experiments a Békésy-like

method was used as long as a button was pressed , the bar rotated to the

right (CW) , when released the bar rotated to the left (Cw), The angular

velocity of the rod was 6°/sec. The subject was instructed to press the

butten the moment the bar was in accordance with his SV, and to release the

button after a few seconds. In this way about every 5 sec an estimation of

the $V was obtained. The position of rhe bar was recorded by a potentiometer

and the exact $V indications were determined by 2 computer program. In each

test condicion the median of these SY estimates was taken to represent the

SV of the subject for that particular condition.

In another experiment the subject could, by means of 4 position servo, adjust

the bar to his SV by turning a2 potentiometer adjustment method. These adjust-

ments were read directly from a protractor (accuracy + 0.02"),

4.2.2. Tilting Room TL
  

filbing Keom LL Gvanufactured by Tonnies, Freiburg im Breisgau) was coastruc-

ted in order Co have more stimulation facilities than with Tiiting Reom T.

Again the tilting is done from Ehe bese. The device (2.5m « 2.5m x 2m) is

completely closed, except for a hale in the floor, and has two doers ii two

adjacent walls. Depending on the stimulus mode (lateral or fereaft) one of

the doors is open. Two ceiling-tiphts (75 Woevach) 1 iiate Phe room.

 

A tilcing platform is mounted just under PloorsLlevel with ins tilting axis

rueted fu auch

 

coaxial ta the tilting axis of the room. This phitform is cs

away that the Likting axis is ac ankle height of the subject stand fag on tle

 

stabliometer on the platlorm. Several methods of operatier can be chosen 3
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({) platform in fixed position (12° to the left up to 12° to the right)

free from the tilting room which is driven by the motor a2 to the left

up co 12° ro the right} ;

(2) platform mechanically coupled to the rcom, both driven by the motor

(2° to the left up to 12° to the right) ;

(3) room in fixed position (12° to the left up to 12° to the right) free

from the platform which is driven by the motor C1? to the leit up to

12° to the right).

Simusotdal tilt of maximum 12° ean be realized up to 1/6 Hz, and of

maximum 2° up to 1 He. The tilts of che room and the platform are servo~

controlled {position feedback). With this construction the experimenter or

the observer can easily manipulate the tilt of the room or of the platform

by turning a potentiometer. In the static and semi-static conditions the tilt

of the platform was read directiy from a protracter {accuracy + 0.02°)

whereas the room tilt was abtained via a potentiometer and a digital voit-

meter (accuracy + 0.01°),

During lateral room tilt the SV was measured with the "Pan''-method, A fan-

shaped cord construction was fixed at the back wall of the room with its

centre at the tile axis. These cords were sbtretechedt at 0.5° distance of each

other, covering a range of 15° to each side. by numbering the cords in ranq

dom order (which order was changed as much as necessary for each subjeet) it

was possible to use this fixed eansicuction for S¥ indication without intro-

duction of unwanted cues : the subjeet wag asked to indicate the cord which

was in line with his SV.

in case of foreafl room tilt the perceptual space transformations were lmves~

tigated by measuring the SH (-subjective horizon). For this purpose a Linear

vertical scale was Fixed on the wall opposite to the subject. The subject was

requested to indicate the vale aunber corresponding to his eye-level, after

which the deviation ef the SH From the OW Cabjective borizon = plane perm

pendicular to gravity at eyerlevel) was caleutaced, taking into account. Che

 aad [dye bt oof the cilted r

 

changes in distance between the eyes dnd the s

Length of the subjects.

4?



4.2.3. Stabilometer

 

The stabilometer used in these experiments has already been described in

2.2.4.

4.2.4, Hydraulic Tilting Plattorm

A hydraulically driven tilting platform (constructed by Technische Diense,

AZVU) was, in combination with Tilting Room I, very useful in those test

conditions in which the subjects, standing on the (rilted) platform were

requested to adjust the platform to a subjectively horizontal position.

The rilt velocity of the platform was 1.5° /sec 3 the maximal tilt 5° to

gach side. By means of a valve system the experimenter or the observer could

set the platform to each desired tilt. The tilt of the platform was deter-

mined by means of an adapted waterlevel {accuracy + 0.02").

4.2.5. Data Processin

 

All analogous signals were registered by a strip chart recorder (Siemens

EM 81.80) and stored on a magnetic tape recorder (Philips Analog-7) for,

further data processing by the POP-81 computer system. The data analyses are

described for each experiment separately.

4.3. EXPERIMENTS AND RESULTS

The series of experiments on postural and perceptual consequences in tilting

environments was sLarted with Tiitinj, Boom 1, and continued with Tilting

Koon 1 which was constructed later. This means that there is some overlap

between the experiments performed with bho two rooms.

4.3.0. CSemi)statie Room TELL

   

4.3.3.1. Subjective vertical mebtom @l statily swiuy usin

  

Lateralroom bile  
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The aim of this experiment was to investigate the influence of static

Lateral room tilt (a) on the SV, (b) on the position of the centre of

gravity of the body in the lateral plane and fc) on the stability of the

jateral body sway of a subject standing on the stabliometer in fixed

horizontal position. Room tilts (Tilting Room I) of 0, 0.5, |, BS5:85, Ba

4,5, 7 and 10° to each side were used. The stabilometer was used with and

without one layer of foamrubber {see 3.2.2.) in order to make the somato-

sensory information from the ankle joints less effective. The conditions

were presented in random order for one minute each in short subseries.

The tilt of the room was pre-set when the subject had his eyes closed. The

subject was requested to stand upright, relaxed, and after opening his eyes

his task wag to indicate his SV by means of the Bék@sy-Like method deseribed

in 4.2.1. the $¥ data were used from the whole one-minute recording whereas

the scabilogram o£ only the Last 30 sec was used for analysis in order to

exclude possible transients.

Six healthy subjects (4 male, 2 female ; age 22-31) participated,

An analysis of variance bas been performed on the SV data Cfable 4.1.)-

this statistical technique determines which parameters are respousible for

the yariance among the data.

The room tilt is found to influence Lhe SV indication significantly (43.6%

of the variance). The subjects show siguifteantly inturindividual differences,

but, this accounts only fer a mall percentage of the total variance (3.5%).

Furthermore che parameter foamrubher is not contributing to the variance

as a win effect bute the first order interaction between subjects and

foamrubber is highly sigaificant and contribuling to the variance to a

considerable extent (11.4%), indicating that foamrubber results in a dis-

turbance of the $V indication for cach subject in a different way. In

Pig. 4.1. the S¥ data obtained in the conditions with and without foam—

rubber are plotted as a function of room tilt. The linear behaviour over

the entire range of room cilt investigated is noteworthy.

4&9



 

Source of Sum of ak F-ratio Variance Signtfiicaace
variance Squares 8 i

T{crilt angle) 1762 18 26.1 48.5 < 0.004

F(foamrubber x S€subjaccs) 469.5 4 9,99 li.d 0,001

§ 138.6 5 3405 35 < 0.5

ae 177.5 18 1,33 1.3 Nes,

Tabie 4.1], Results of an analysis of yariance of the SV values asa
function of voom cilt and the use of Foamrutber measured
for six subfects.
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measures both reflect stability of the scabilogram rather well (Kapteyn

and bles, [976). On these data an analysis of variance has heen carried

out as well. As was to be expected the conditions with and without foam—

rubber are statistically significantly different from each other. The

interindividual differences are also contributing considerably to the

variance, but no dependence upon room tilt was found.

From che left/right scabilograms also the median position was determined

in order ta detect a possibie skift of the centre of gravity in redation

to the room tilt. An analysis of variance did not reveal a statistically

significant relation, although visual inspection of the data indicated a

slight relation. This discrepancy was probably due to saturation of the

effect at room tilt ef more than about 3° ia which case the analysis of

variance is not the adequate analysing technique. Therefore these data were

handled in a different way by determining the,Spearman rank correlation

coefficient for each subject separately and Kendall's concordance

coefficient for the data together, This analysis showed that there is some

influence of reom tile on the position of the centre of gravity indeed :

the subjects are shifting their centre of gravity inte the direction vf

room tilt, but only to an extent of a Few wma, both with and without loan

rubber (p < 0.05).

The result ef this experiment indicates bhoat the spentanceas moyen sof

 

the centre of gravity wee too Larpe co reveal Che miner posturab ¢ fests

   

induced by static room CALC very clearly by musus of ttlabliometey 2 the

S/N ratio is too had. Te is alse possible that Ghe subjects mate use of

knoving that the stabiloeeter was positioned horizontally, «ithough it is

  

 

dad, ‘Therefore

 

impossible to determine the wxbent to whieh this gue ¢

ancther strategy has been chosen and worked out in experiment 4.9.1.3.

Whe $¥-adjuscments Cig.4.1.) show a Lincar bebavierr up to a roon vile of

o ‘ ; 4 ‘
10°. The aim of experiment 2 was to extend this range aud to obtain more

accurate S¥-values by means of the position serva (4 .) sinee the

 

Békésy-Like method datroducad eather Large standard deviations (Fig.4,1-)

a1



4.3.1.2. SV and Static Room Tiir

With the adjustment method of the position servo in Tilting Room I the SV

was determined for room tilts up to 15°. The room tilts investigated were

Oy dg 2B»: G 9, aad 15° te both sides presented in random order. In

order to prevent the subject from using the possible cue of the horizontal

foot support, the hydraulic tilting platform wag used which was given a

tilt of 0, 1, 2, 3 or 4° to each side, also in random order. The subject

stood on the platform with his eyes closed after which the room and the

platform were given the required tilt (the platform after some irregular

tilting to both sides). Then the subject was asked to open his eyes, te

wait for 20 sec and to adjust the bar, which was initially in a vertical

pesition relative to the room, to his SY.

Four healthy subiects (i male, 3 female ; age 18-22} participated. vhe

conditions were presented in subseries of nine conditions each.
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The resulting SV adjustments as a funetion of room tiie are shown in Fig.

4.2. The relationship between room tilt and SV valves is seen to be linear
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over the entire range investigated, Linear regression shows direction

coefficients of 0.56, 0.61, 0.64 and 0.69 for the subjects respectively.

The inereasing standard deviations with increasing Cilt angle are due to

these differences : the standard deviations for the subjects spread around

ee Analysis of variance showed that the SV adGjustment was independent of

the platform rilt.

The $V has been measured once more in Tilting Room Ti with the ‘Fan"-nethod,

described in 4.2.2., under static lateral room tilt of 4, 8 and 12° to each

side. This experiment was done with each subject

(A) standing on the platform which was in fixed horizontal position.

(8) standing on the platform which was coupled to the room and

(C) sitting on a chair with support of the head, on the platform in fixed

horizontal, position.

The subject had his eyes closed when the room was given the desired tilt and

had to wait For 20 sec before indicating the cord parallel to his SV. Six

healthy subjects participated (3 male, 3 female + age 18-38). The test

conditions were randomized as much as possible and each test condition was

presented twice.

The results are shown in Fig. 4.3.

the regults for only five subjects are shown because the sixth subject had

severe problems with this particular $V measuring method and was not able

to indievace the SV properly. The direction coefficients For these five sub-

jects are fer condition

(A) : 0.62, 0.62, 0.66, 0.59, 0.65 respectively, Cor conditian

(BY : 0.62, 0.71, 0.65, 0.60, 0.65 and for condition

(6) : 0.41, 0.78, 0.66, 9,59 and 0.59.

 

No statistically significant differenees among, the SV values im conditions

(A), (B) and (C) were found indicating Uhak the S¥, at least far thia range

is not determined by the somitasensory system and is therefore the result

of an interaction between visien and the vestibular (utcieular) system.

This is in good agreement with the cxperimenc with foamrubber deseribed

in 4.3.1.1.
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The influence of static foresft room tilt on the perception of che horizon

has been investigated in Tilting Room TI with the subjects standing on the

platform in Fixed horizontal posirion. 16 Subjects (5 male, 11 femate ;

age !8-32) participated in this experiment .

Bee 

    

 

a 2 (9)
vier WEI

fd. beviation €¢} of SH from OW (mean value + 1 G) as a funetion of

foreafe room tibt (4), obrained im Tilting Kaom If from sixteen

subjects who were stonding on the platform which was in fixed

horizontal position.

 

The results of this test, analysed with the method described in 4,2,2, are

shown in Fig, 4.4. The magnitude of the effect is of the same order as

found for the deviation of the $V at jatersl room tile.

The experiments on the perception of wertienlbity ia bileing surroundings

can be summarized as follows:

ian

 

With free standing subjects static Lateral roow tilt. dadweeos a dewh

of the SV from the direction of gravity Lowerd tne direction of room Ladt.

shige dian been fowand

 

At least up Lo 15° of room Eile a Linear relaci

between the deviation of the SV Irom pravily Cy} mod Lhe rentilt

 

y=md (m = .62 , 9 = 0,07)

 

This relationship is independent of the positien or rigidily of bhe

 

rading,, but shows interindivi- supporting surface on which the subject is

dual differences. Foreaft tilt induces similar perceptual space trans

formations.
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4.3.1.3. Posture and Static Room Tilt 

Ia order to prevent the difficulties in studying the influence of static

Laterahk room tlle on posture as deseribed in 4.3.1.%., the bydraulically

tilting plarkorm (seu 4.2.4.) was used in this test. The subject, standing

 

on the tilting, platform pkrced in frent of Tilting Room 1, vas requested to

 

the platformto normal the €earth-horizontal) sosition, Deviations

ingles feum the obfcetive horizon weve determined by use of a waterlevel.

The initial cile of the platform was 0, i, 2, 3 or 4° to each side whereas

the room tilt was 9, 15° to the lefe or 19° to the right. The subject stood

oa the platlorm with his eyes closed after which the reom and the plarform

were given the required tilt (the platform after some irregular tilting to

both sides). Then the subject opened his eyes and after 20 sec adjusted

the platform to a subjectively horizontal position. His feet were in the

normal ("ten te two") position but he was allowed te move his body and

the platform to both sides as Long as necessary to obtain the desired

position. The experimenter then determined the platform tilt. The experi-

mental conditions were randomized as much as possible, an the experiment

for each subject was performed within half an hour. 16 Healthy subjects

(9 male, 7? female ; age 20-32) participated.

The results are shown in Tig. 4.5.4. It is easily seen that both the initial

platform tilt and rhe room tilt have an ipsiversive influence on the adjust~

ments. The adjustments of the platform under both 15° tilt conditions are

significantly different from each other (p < 0.01),

This experiment was repeated with Tilting Room Tf and its aceessory til ting

her 1! fo tle

 

platform (for description see 4.2.2.}. The room tilt was ci

° ¥ ao
ior (bt wah 4, dor ota

 

left or 12> ce the ijt and ¢

 

Heser ibid bor tte: peri diets: paper i>

 

each side. The procedure wre the same ¢

 

ment. Hewes: deathly salgecda f yo femebe pce ER ORT) part tedpeat eu.
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(p <O.01), The results are in agreement with the findings of the previous

experiment.

The same seven subjects also participated im the next experiment. ‘This test

. ‘ : Geie

was performed in order to reveal the influence of foreaft room bile cre?)

on the adjustment of the platform ints the horizontal positon From initial

Forward or backward tiit of 12°.

The results are shown in Pig. 4.5.0., indicating that the same effects are

present for foreaft bift as fox lateral Lilt with Lhe same order of magni~

tude. The subjects apparently set Lhe platform tilted backward on the

average which might be due to the face that one is apt to shift the centre

of gravity forward in case of postural instability (cf. forward shift during

optokinatic stimulation in Pig. 2.2.).

In the next experiment three conditions were compared in which the visual

stimulus was not stationary or absent ;

(A) adjustmenct of the platform to the horizontal position in the absence of

visual. information ;

(B) adjustment of the platform into the horizontal position with the room

coupled te the platform (tilt of room and platform the same) ;

(C) adjusetment of the room into the normal (vertical) position while stan-

ding om the platform fixed in horizontal pesition.

 

. . o ¥
platform and/or room tile was 4, § or 12° to each side.

 

The experimental procedure was sinitar to the previously described experi-

meubss

le 5Six healthy subjects ticipated ia this experiment Clomile, fd be

age 18-38}.
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Fig. 4.6, Deviation (0) of the subjectively vertical room from the direction of grevity

as a function of inital room tile ("), obtained From 3lx subjects wader tle
vonditions (A) standing on the platform which was coapled to che roou, ligt

off ; (B) standing on the siatform which wae coupled co the reom, ligt on ;

{C) standing on the platform which was in Fixed horizental pesixion.



is seen. This dependence is less clear when the room was coupled to the

platform (B), although the initial tilt direction is still the direction

of the Final deviation of the settings. Tt is interesting to note that

coherent disturbance of the room and the platform is handled slightly

better than the disturbance of the room or platform separately.

Summarizing these experiments on stationary tilting surroundings and pas=

ture, we may conclude thet a tilting surround induces a shift of the body

in the same direction. This has beer revealed by the adjustments of the

supporting surface into the normal position. ‘Another feature of interest

ig the dependence upon the initial platform tile (final deviation in the

same direction as the initial deviation}. Similar effects were obtained

when adjusting the room inte the vertical position (which is in fact SV

indication).

4.3.2. DISCUSSION
 

The tilting rooms, and especially Tilting Room II, are in fact ideal optic

stimuli since the whole visual field is used which is of importance because

of the dominant role of the retinal periphery in spatial orientation

(Brandt et al., 1973). Furthermore Tilting Room If is a “natural scene”

vith clear directional cues which has been shown to provoke the strongest

directional induction effects on che $V (see Bischof, 1974),

The influence of Lateral tilt of both rooms on the SV has been found to be :

yeu. § q))

(m = 0.62 ;= 0.07)

y = deviation of. SY from direction of gravity

‘ ge 8 oO
§ = yoom tilt. oS [os

 

w the S¥ have all shown to yield this

 

the three methods used to deter

 

relation. llowever, the Bél@say-Likeo track inp method (6 [1.3 introduced rather

serston and some subjects experienced diflien!bies with the "fan"
 surely ¢

  

method (4.2.2.).

In literature only few data are aveilable directly comparable with the

ot)

present findings. Experiments concerning SV¥ measurements mostly deal with

body tilt (sitting er lying subjects) and optic tilt at the same time, and

the tile angles are rather large in those experiments. However, Witkin and

Asch (1948) reported on an experiment with their rod and frame construction

{see 3.4.) which was performed with standing subjects. In their experiment

the frame was initially tilted over 15, 30 or 60° to the ieft. The mean
deviations of the SV from gravity were found to be 8.6, 9.3 and $.9°

respectively in the direction of frame tikt., The $V deviation (y) at the 15°

tilt condition is in close agreement with the present findings. Equation

(1) supposes for a room tilt of 30° a Y which is twice as Large as found

by Witkin and Asch, The explanation for this rather small deviation given

by Witkin and Asch is that at this tilt angle the natural redundancy

expectations about the vertical and the horizontal are ambiguous ;: with the

Witkin frame tilted at 45° the visual system has no cues as to which side

is-buse or altitude, ge it is likely thar the directional induction reduecs,

decreasing the SV deviation. In Tilting Roem I and Ti this ambiguity is not

present of course, but it is sure that the deviation of the SV from gravity

has a limit at a certain room tilt. For technical reasons the tilt of the

rooms was restricted te 15 and 12°, respectively, and unfortunately at 15°

the maximum was mot yet reached, Determination of this maximum would bave

been interesting since this maximal deviation is considered to be an index

of the visuo-vestibular weight-ratio according to Bischof and Scheerer

{i970} but it is net obvious that this deviation is the same for sicting

and standing subjects.

The parameter m in equation (1) can be seen as an index for Lhe weight ratio

as well. Such a definition of the index is, in a certain sense, similar to

the definition of von Holst (1950). in the present experiments this para-

metec mwas found to be subject dependent indeed (see also 6.3.) ,but the

questicn of whether this factor is the determinant of the visuo-vestibular

weight vertigo also for other visuo~vestibular interactions has net been

solved yet.

Somatasensory information has been demonstrated to influence the perception

of verticality. Steinleitner (1979) demonstrated this by keeping the position

6)



of the otoliths constant but varying the body position. For the present

experiments it has been shown that the somatosensory system involved in

standing is not involved in the determination of the S¥ since the SY

values were found to be neither dependent on the platform tilt, nor on the

rigidity of che foot support. Moreover, it was found that the SV values

were the same for sitting aad standing subjects. This implies that equation

(1) should be in agreement with the madel propasad by Bischof and Scheerer,

Since in the present study the spatial position of the etoliths was kept

rather constant and the room tilt limited, this is seen to be the case

indeed.

Considering the findings of the SV, the influence of a static tilting

surround on posture is remarkably smali, Only with considereble difficulty

the misleading visual information can be shown to be involved in postural.

Stabilization, This is in agreement with findings of Kapreyn (1973). So,

apparently, for postural, stabilization the correct proprioceptive informa~

tion is given a greater weight than the visual information.

The experimental results of the platform adjustments suggest a strong

adaptation we the somatosensory system involved in standing, since the

amount of initial platform tilt appears to be of considerahle influence

on the final adjustments. Similar adaptation effects have been reported

for seated subjects ( reviewed by Howard and Templeton, 1966}. In the

present study the subjects always believed that they had stood upright so

in view of the rather large range of platform tilts, rhis points to an

integration within the somatosensory system. This explains also why with

stabilometry the influence of static room tilt on pasture was so difficult

to objectify. However, the fact that the final deviation of Lhe platform

adaptation alone.

 

It might be a consequence of sume uncertainty within the bsory

system itself.
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A similar explanation can be given for the fact that the initial and final

platform tilt remain in the same direction relative to gravity. Such an

induced modification of the utricular information by optic rile (correspond—

ing te an apparent change in direction of the gravitational yector) should

be analogous to the physiclogical mechanism for circular movements as

deseribed in chapter 1. Visual induction of otolith information transfering

units in the vestibular nuclei of a cat has been reported by Baunton and

Thomsen (1976), whe demonstrated that the majority of units which responded

to linear acceleration in a given direction also responded to the visual

stimulation which simulated actual movemenc of the cat in the same direction.

4.3.3. Sinusoidally Tilting Surreundings and Posture
 

Sinusoidal tile of the surroundings was induced by means of Tilting Room 1 ;

the amplitude of the sinusoidal tilt was 5° for eight Frequencies in the

range of 0.016-0.22 Hz.

The stabilometer was in a fixed horizontal position in front of the tiiting

room and was used both without aad with a layer of foamrubber {see 3.2.)-

From each frequency the stabilograms over at least five periods were

recorded, except for the lowest Frequency of 0,016 liz in which case only

three periods were taken in order to avoid a teo long period of standing

upright (especially standing on foamrubber is rather tiresome}. Care was

taken to avoid the presence of possible transients by presenting the

stimulus at least for another half period before the sinusoids which were

used for analysis.

The subjects (the same as participated in 4.3.1.1.) had to stand upright

and relaxed, and were given a task (SV indication by means of békésy—like

methed). The mean amplitude of the induced lateral bedy sway ("0 Sway" 5

 

according ta de Wit, 1972) was computed as well as bhe phase copte be dwecu

=
>

stimulus and body sway. The results are summarized in Fig, a. The upper

  

diagram shows that upright stanee is more ayfected by bow tau ly

frequencies, most elearly ia the couditions wilh: Foamreabher. Farthersnore it

 

is seen that with fonmrubber che Optic Sway is dacreased becuse by the

cory infermition the sensery weight of vision ts

 

reduetien of tle

a4

Optic sway
Amal. 40,

(ram) !

30

20

yo

 

oi

Phase 120
°©) 9

rs 40

9

4a i

80 ‘

720 ISS

140:

200

 

  
 

aor |x TT]
0,036 0.092
0.044 0,063 Freq.(Hz)

Fig. 4.8. Amplitude of Tateral Gpeite Sway (mean value + 1) as a fornetion

af the frequency of the

(amplL- 5°). the six subjects were tesred bath with (0) and
without {x} a layer of foamrubber on tep of the stabilomecer.

the phase angie between scimultus and Optie Sway is abso she

 

enbanged. The phase engle shows the same behaviour, with anc without Leacu

rubber, indicating a phase lead at low frequencies and a pha fam oat high

  

frequencies. An important finding is that Lie subjects ap; ecb ho ho qunaawasre

 

op the Optic Sway in eonditiens withoul Vermmrubber and in mest af the

conditions with foamrubber ; they belioved te have stood upright, uninl Luereed

by the room filt.

With Tilting Room E alse Che wifertl ot the Celt amplits

 

hewn

investigated (!, 3.5., 4 cand Wy ae a Liged

 

requeney of L/45 tlw. This

 

experiment was part of tle uly un eyerohjece distances and posture, and

will be diseus in b.b.2. Simew in thac stedy the propriocpetive inter-

 

Ference wes ualer iavestipation, the subjects were tested without, with one

 

und with twe dayers of wrubber, The foamrubber was always covered with

the rigid plate (ser 3,2,2.).

Vhe data here have been handled differently by computing the average ampli-

tude and phase angle in the same way as in the previous experiment.
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Six subjects (4 male, 2 female 5 age 91-24) participated. They were given

no specific task but to stand upright.

 

Optic sway
Ampl. 40

(mm)

30 | |

20 ae

“rT
10 ao8s ] \

 

Ampl. of raom tilt €°}

Fig- 4.9, Amp] itude of Lateral Optic Sway (weno value + | Go} as a function

of the amplitu¢ee Gf che sjnysebdably moving Yiltiag Room L

(freq. 1/45 Ue). Vhe six biects were tested without (x), with

ome Tay fo) and wich two layers (A) of foamrubber on fob of

the slabitoemeler.-

 

  

 

The results of this experiment are shown in Fig. 4.9. The amplitudes of the

indaced Optic Sway in the conditions without foamrubber are not dependent

on the tilt amplitudes. The use of a single layer of foamrupber results in a

saturated Optic Sway at tilt amplitudes beyond 3.5°, with two layers of

foamrubber a Larger Optic Sway is found, but again a saturation can be seen.

With three subjects standing without Foamrubber the stimuius did not result

in an Optic Sway. With foemrubber induction always took place. The average

phase lead was 61.3 + 2] 4°, which is in agreement with che previous experi-

mere -

Tilting Room IT offered the possibility bo stinulaty with foresfi Lilt of

 

® the foresfe Eble to the bates

 

the surroundiags as well. dn order bo comps

ral till the neat experiment was carcied ont. The stimitlus was a stnatedak

‘ : a ‘ ;

movement with an swplitude of 2, 4, Wor (2° with frequencies of 1/40, 1/20,

ib

1/10 or 1/5 Hz, both fer foreaft and lateral cilt (the stimulus with

ampLitude 12° and 1/5 Bz resulted in a distorted sinusoid and was therefore

not used). Ins order to enhance the sensory weight of vision, the subjects

were tested on a single layer of Eoamrubber as well (same construction as

described under 3.2.2.). In the original experimental design also conditions

with two layers of foamrubber were incorporated but it turned out that the

Optic sway

(mm) |

Phase 100,

) Bo

ol Le
aol | A
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Al lateral (le) and fereake (ri} Optic Svay

: an ot the frequency of the

It Ckgteral ang foreaft Gilt

oe » or &, At # and ld 12°), The six

with one tayer of Caanrubber on top of the

 

wean
‘

 

iodine apright on two Layers during sinusoidal

 

subjecks could nol femal 5

room tilt. Six healthy subjects participated (4 male, 2 female ; ege 18-42).

‘they were requested to stand upright, relaxed as much as possible, and were

given ne specific task. ‘Lhe conditions were counterbalanced as mach as

possible. The Optic Sway was measured with the stabilometer in fixed
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horizontal position ; the recordings and analyses were performed in the

same way as described in the foregoing experiments.

The experimental results for the foamrubber conditions are shown in

Fig. 4.10. By comparing Tig. 4.10 with Fig. 4.9. it is seen that the induced

Lateral Optic Sway on a single layer of foamrubber is smaller in the present

experiment. This is partly due te the fact that especially under the small

amplitude conditions, an Optic Sway is not always induced, fhis is note-

worthy sinee all subjects in this experiment, even those without Optic Sway,

preferred to have assistance available because they felt uncertain and some-

times experienced vertigo, which was not the case in the previous experiment.

As mentioned already, these subjects could not perform the test on two Lleyers

of foamrubber. Without Foamrubber the subjects were found to pe quite able to

resist the stimulus : av induced Optic Sway was hardly found. This was also

the case with foreaft room tilt, but the jnduced foreaft Optic Sway under

the conditions with foamrubber is seen to be larger than the tateral Optic

Sway.

Summarizing the experiments on ginusoidally tilting surroundings and posture,

we may conclude that ¢

sinusoidal lateral or foreaft tilt of the seen environment may induce @

sinusoidal body sway (Optic Sway). Without foamrubber the amplitude of the

Optic Sway is independent of the amplitude of the room tiit and does not

exceed ] cm.

Reduction of the somatosensory information by standing om foamrubber was.

found te enhance the sensory weight of vision, so to enhance the Optic Sway.

Induced foreaft sway was found to be larger than lateral sway. With stimulus~

frequencies up to about 0.06 Hz a phase lead is seen and at higher frequen-

cies a phase lag.

4.3.4. DISCUSSION

 

aa

Artificial movement of the seen enyirempent may Undue rent selir

 

motion in the opposite direction followed by a postural leLion with v

 

tendency te fall into the direetion of pattern mecion. Such destabilizing

 

effects on posture have been demonstrated in several experiments with

eircular surround movement (Kapteya and Bles, 1977 ; Koitcheva et.al., 19763

Miyoshi et al., 1978 ; cf. chapter 2), with optic roll stimuli (Dichgans

et ai., 1976 ; ef. also chapter 3) and with linear surround movement ( Lee

and Lishman, 1975 ; Lestienme et al., 1976, 1977).

the problems with an eptic roll stimulus with rotation axis at eye-level

have been discussed in 3.4, ; for linear surround movement similar diifi-

culties concerning the destabilizing and Stabilizing rele of vision can be

supposed. With the tilting rooms these difficulties are not present since

motion is around an axis at ankle height, However, with the above ment ioned

stimuli a clear apparent motian is induced, which is not the case with the

tilting room + the subjects, standing on the rigid horizontal platforn

during sinusoidal room tilt, veported neither roll vection nor 2 sensation

af body tiit, in spite of the fact that the SV is tilting to a considerable

extent and an Optic Sway is induced. When standing on foamrubber mostly the

Optic Sway is perceived and not an apparent movement against the stimulus

direction. Only by patients che tilting room has been perceived as stationary

{meaning that a pure roll yeecion was experienced) which was accompanied

with a considerable Optic Sway (ci. chapter 6).

Yhe amplitude of the Optic Sway in healthy subjects is found to be'of the

same order of magnitude (< 10 mm) as the visual influence on the platform

adjustments during stacic room tilt (a shit ef che centre of gravity of

{7 mm ecoxreesponds to a tilt of 5; The amplitude of the induced Optic Sway

is restrieted because of propricceplive interference and also by the inertia

of the beady, This can be seen by the phase Lead at low frequency stimuli

(proprioceptive interference) and a phase lag at higher frequencies (inertia).

Poamrubber diminishes the effectiviness of the somatoreceptors resulting in

a shift in the level of the proprioceptive interference, This explains the

increased amplitudes of the Optic Sway at che lower frequencies and, hecause

of the iuartia of the body, the relatively smaller increase at the higher

frequencies.

The perceptual and postural consequences of the static and sinusoidal room

tilt are known from the experiments described so far. The question a5 to the
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wechanism behind these effects is stili open, Further research is required

to reveal which parameters are of importance. At least three parameters may

be involved, (1) the presence of directional structures in the visual

stimulus field, (2) retinal image shift, and (3) stimulus area as will be

shown by two pilot investigations :

20 Nm}

FER,

In che tilting room a white sheet was suspended which was covered with a randomized

pattern of cireular dets of various sizes and colours. The subjects viewed this

pattern from a distance of 65 om pbroust an inverted funuel,at¢ached so the head, which

restricted the visua), ficld to 75 in order Co prevane the subjects from looking ac che

(vertical) side walls during tilt. the patceyn ef the dets did not contain direction

cues since stationary leterat room tilt of 7 to elther side did wot affect che direc

tian of the 8¥. In order to illustrate the possible effect as clear as possible, foam-

rubber was used. The stLinulus was a sinusoidal movemenc with an amplitude of 7° and a

frequency of 0.05 Hz. The results were compared to those obtained undar the condition

in which the sheec was removed, the subjects viywing the back wall of the roam contain-

ing the horizontal and vertical structures, In order to show che influence of

periphers), vision, this condition was followed by 4 third condition, in whieh the sub-

jects did noe use the funnel, sa with complete visual field. Bight healthy subjects

{ail female, age 18-32) of small body weight participated.

The original recordings are shewn in fig. 4.31. Pram inspuetion of the curves it ig

seen char (a) tilting of visual surroundings without direcelonal structures may induce

an Optic $way, that (c) the Optic Sway is enbancled if these sucroundings cancain 8

clear eptie vertieal c.q, horisantal, and that lc) this Optic Svsy is enhances still

more if the visual field ie not réstricced to 78°,

It awet be noticed, however, that the subjects did not experience a rei) yection,
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. 4.4). Oriptnal reeordings of che Lateral Opeie Sway of eight subjecta

eeanding oa eae piece of toamrahber in Tilting Room Ti under the

souditious €1) ue diceatioual enas in visual field uhich is

do to 75” visurl angle, (2) vertical and herfLzontal

Virectionat cues in visual Cield whieh is restricted to 75” visual

angie and (3) vertical and irorivontal directional eves with Fuld

visual field.
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fhe retinal image shift is noc necessarely a continuous shift because with

flieker illumination of the room an Optic Sway can be induced as well.

In a pilot-study the influence of sinuseidal reom tilt (ampl.
a

 

; froq.0.05 and 9.1 Hz>

on scanding upright during flicker illumination (rep. rate 1, 2, 3 and 4 2) was

recorded for two subjects. These subjects were standing on foamrubber in order te

echance a possible effect,

The original curves are shown in Fig. 4.12, No doubt chat even at the repetition rate

of ] Hz an
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iyinab cecurdings ve lateriah yet ay af a subject standing

ite pkece ob Poumeutber wader & evadilions of normally

luminated ream and of fliskee iifuminatien with a repetition

 

ruteo oo! Ty 2, to and 4 Ae,

Tt may ba derived from this experimant that the directional structures are

very important although an integration of the intermittent images by the

CNS into a perception of a sinusoidally moving room is possible. The results

of the latter test are not in agreement with the findings of Amblard and

Crémieux (1976) that flicker illumination with a repetition rate of at least

6 iz is a necessary condition for visual stabilization of posture.
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According ta Baron (1967) a movement of the eyes sidewards should be

accompanied with an ipsiversive bedy shift, due to stimulation of the

proprioceptors in the oculomotor muscles.

This could account for the Optic Sway since in the First experiment des-

aribed in 4.3.3.1. the subjects were looking continuously at the 8¥ bar

fixed at eye-level on the (moving) backwall. It does not explain, however,

why the amplitude of the Optic Sway remains the same with subjects keeping

their eyes Fixed at a light spet projected on the backwail by a flashlight

attached to their heads, because in that case no eye movements are made

(impublished data}.
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CHAPTER 5

EYR-OBJEC'T DISTANCE AND HUMAN POSTURE *

Sumnary

Because of the idmited epattal vesolution of the retina seLf-motion ts

not perceived visually when the eye-ohject distance ta sufficiently large.

A eertes of experiments ts deseribed in which the eye-objeat distance has

been varied from 0.5 to 200 m. It is akown that vision does nwt cantribute
to postural stability when the eye-cbject distance exceeds & m. The oub~

feats were tested also ta the tilting voome in order to compare postural

behavtour under both eirciwnatances. The influence of head £12¢ on postural

atebility ae well ae the presence of nearby stationary contrasts in the

pevtphery of the visual fteld, beth of importance under conditions where

wiyht vertiga might oecur, have also been investigated.

5.4. LNLRODUCTION, 

in the experiments described in the previous chapters intersensory con-

 

& have been induced by stimulation of the sensory systems, scparately

or in eenbiuab ion. .

Sines the pesodubion of the cetina is limited it is aryied by Brandt C1976)

thet aed is

  

ion Le net viatally perceived when the eye-object distance 

   

eeuaals ao cerckain va

  

', leadiopy booan iabersersery confliat between the

viru! Gaformation Giignabing ma body sway) and the propriece:tive bafernaq

 

tion (at

 

rhioag: boy sway). cham intersensery conf lier could arcount for

pas baad ance wilh phystat

 

aio heipnt verbige Cret te bu confused

  

wilh cerophohia : with bedylu vertiga ia meant the seasation of instabidicy

or desariental iow, fie seusccion of being pushed forward ; in fact height

verligo uy fe seen as fhe Pirsh stage of acrophebia).

   

waa of physialogiosal height vertage
ion with Be. Brand: and Dr. Arnold, Keapp

iers on this subject are found in the

 



tn order to verify the above hypothesis the central theme of this chapter

is the influence of vision on postural stability as a funetion of eye-

object distance.
|
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Bip. 5.1. Angular displacement G on the retiaa, caused by a lateral

head displacement X*, is smailer the greater the éye-odject

tance VY is. The diagram shows €or which cye-object dis-

tees Lateral head displacement can de dotected visnally

i a ree movement detection threshold of either

    

  

     

  

fnereasing, eyeceobject distances wight Lyad to pastaral. instability duc to

the Limited resolution A of the retina Caboat 2! Pow the foyeal pals and

ud

  

about 20! fer the parac rEral and pertplerab parts (Aubert, [HG

iy denary object ip

 

vad

 

Letbawiex, 1955)). The retinal shbfi ce of a

che environment depends om che fateral bead displacement Yoand en che ever

object distance X (Pip. 5.1). Ahead or eye displacencnt Yois vet perecived
y

fora < A. In this situation there is no visnai cue that could be used for
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postural compensation of this movement. The lack of a visual cue should

result in larger, disinhibited sway amplitudes at greater eye-cbject dis-

tances. However, vision is not the only system which regulates posture :

the proprioceptive system (including Labyrinths and somatoreceptors) is

active too. $o it cannot be expected chat the sway increases linearly with

increasing eye-object distance but rather should behave non-linearly and

should be Limited because of proprioceptive interference. The hypothesis

was originally developed for the Lateral body sway since the lateral sway

js horizental over several centimeters (parallel shift) because of the

mechanical relationship of the lower limbs, pelvis and vertebral colum

CKapteyn, 1973). A similar line of reasoning can be developed for forsaft

body sway (Brandt et al., 1979). Involvement of eye countertorsion (in

which the retinal shift is independent from the eye-object distance) can

be consequential for posture in case of great lateral (rotational) sway

amplitudes only.

Tt seems reasonable that the displacement angle on the retina, dependent

as it is upon distance, cannot be the only determinant of Che net compen

satory sway. Higher order depth comstimey owelin ns must be involved,

 

similar toe those for gize and wotion constaney. This is evident in a

normally structured surround when the body sways in front of stationary

ehjvets at different distances. Hore menscular and binocular depth cues,

ca ower! |

  

 

bbon parry

 

4, may be used ta stabilize posture. The gain of

the motor aetion in reaction te a visually sensed sway requires a precise

intersensory calibration based on ali mechanisms subserving self-motion

perception.

For the validation of the hypothesis it must be shown that its conseqrences

fit in with the concept. The postural consequences are ?

(1) The body sway should increase with increasing eyerobjece distan

  

(2) At larger eye-object distances nearby stationary seructures in the

 

periphery should re-establish postural ability becw

  

efally the retinal periphery which conteitutes to porte

GQ) Head tile (by which the oteliths are brought vat of their optimal



working range) or additional disturbances of the somatosensors (foam-

rubber) should enhance che swaying of the body because the “faise"

visual signal should be given a disproportionally greater influence.

As already indicated in 5.1. it is not co be expected that the body sway

increases Linearly with increasing eye-object distance because of propria-

ceptive interference. In chapter 4 it has been shown that increasing the

tilt amplitude of the tilting rooms does net imply an increasing bedy sway,

also indicating a proprioceptive interference. In the tilting rooms, how-

ever, the subjects were aware of the misleading character of the visual

stimulus whieh is noc the case with the visual stimukation at larger eye-

object distances. Therefore the subjects participating in the experiments

with the varying eye-object distances have been tested also in the tilting

rooms (low frequencies) in order to compare the proprioceptive interference

under both stimulus conditions.

5.2, APPARATUS AND RESULTS
 

5.2.1 Experimental Set-up
 

The experimental set-up concerning the tilting reoms has been described in

4.2, In experiment 5.a with Tilting Room IT (freq. 1/45 Hz 3 ampl. i, 3.5,

5 and 10°) and in experiment 5.6 with Tilting Room [I (freq. 1/40 Hz ; ampl.

2, 4, 8 and 12°) the stimulus lasted for at least three periods, The gta~

bilometer has been described in 2.2.4. Tm che experiments to be described

also single and double Layers of foamrubber (height 10 cm, s.g- 40 kg/m?)

were used, mounted on top of the stabilometer and covered by a rigid plate.

Creation of various visual surroundings in which the only varying parameter

should be the distance, is very difficult. In the present experiments Lhe

table shoice of the

 

various evyerobjoct distances were obtained by a

 

balconies of a high building Qisperiment 5,4) and in a university leecure

halk by apprapeiate ilbumtnation and restrioted visual field Cexper iment

5.b). in each condition the stabilopraus were rv reed Tor ou aa.

5.2,2 Analysing Methods
 

Rapteyn (1973) classified his clinical material from direct observation of

the stabilograms. His findings were confirmed by a routine computerized

analysis using the Root Mean Square (RMS} as 2 measure of stability

(Kapteyn and Bles, {976}. Since chat study mainly concerned patients

suffering from vestibular dysfunctions, the stabilograms showed predomi-

nantly low frequency components with high amplitudes. According to the

hypothesis developed in 5.1, one would also expect to find a low frequency,

high amplitude body sway in conditions with considerable eye-object dis-

tances. his makes the choice of the RMS as a measure of ‘etability in the

following experiments acceptable. OF course, the RMS of the stabilograms

is an avarage value over a certain period. This makes it impossible to

relate the RMS directly to the movements of the head which means that the

resolution A of the retina cannot be determined. However, if it is to be

shown that the movements of the head increase, it will be clear that this

can be concluded if an inerease in the RMS is found.

‘The RMS was computed from the Last 45 seconds of the one-minute recordings

in Experiment 5.a and from the last 40 seconds in Experiment 5.o. From the

stabilograms obtained in the tilting rooms the RMS vas computed during, the

second period in order to avoid possible transients.

5,3. UXPERIMENTS AND RESULTS
 

5.3.1 Pilot Experiment : Effects of vision, eye-object distance and head
 

position on stability
 

Stabilometry was performed at free stance on a balcony (fourth (loor)

under four different visual stimulus conditions which were presented at

random ; (a) eyes closed ; (bh) eyes open, eye-objeet distance tm 5 Co)

eves open, eye-object distance Vv 200 m, restriction of the viswib bicte

 

3 7 5,
to 73° by use ef an inverted funnel attached to the lead 3 (d} eyes open,

eye~object distance V 200 m, full visual Field with stationary contrasts

in the nearby periphery (walls, ceiling and balustrade).

i}
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The four observers were not aware of differences in their body sway under

the four conditions. From inspection of the stabilograms in Fig, 5.2 ait

can be seen that in condition (¢) postural stability is werse than in (b)

or (d). The fact that condition (¢) is less stable than (b) supports the

hypothesis that instability increases with increasing eye~chject distance.

The fact that (4) is more stable than (c) must be the result of the contri~

bution af peripheral vision, when nearby stationary objects serve as a

frame for spatial orientation. However, in condition {c} subjects sometimes

reported anxiety to fall over (probably because the stabilometer was placed

just behind the balustrade), which makes it difficult to separate the visual

factors from possible psychological factors that influence postural stabili-

zation. Therefore, in the other experiments care was taken to avoid these

unwanted influences as much as possible by positioniag the stabilometer

1.5 m behind the balustrade.

Another point of interest are the rather marked interindividual differences.
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Fig. 5.3. Reot-Mean-Square values of lateral and foreaft stabilograms

recorded during upward or downward inclination af the head |

30° out of the acormal posiriun (mermak head position 1: % 15

tilted forward). The four subjects were standing with the

eyes clesad both without (x) and with one layer (o} of foam

rubber on top of the stabilometer.
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“he influence of the head position relative to the gravitational vector

was measured with eyes closed because with eyes open effects are contami~

nated by additional changes of visual cues.

As can be sean in Fig. 5.3 upward or downward inclination of the head

approximately 30° out of the normal position affects the bedy sway al

qeast in che foreaft direction. Stabilization is best with the etoliths in

o

their nermal working position (aormal head position : % 15 tilted forward).

5.3.2 Experiment 5.a : Lateral pody sway at various eyerobject distances

 

(0,5 to 200 m), influence of peripheral vision and proprioceptive

interference
eae

Six healthy subjects (4 male, 2 female, age 24-24) participated in this
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experiment. They first were tested in Tilring Room I while standing both

with and without foamrubber, to check the proprioceptive interference

during visual destabilization (tile Ereq. 1/45 liz ; ampl. 1, 3.5, 5 and

10°), All subjects completed the tests, ineluding the conditions with two

jiayers of foamrubber.

The results in Fig. 9.4 show that instabilicy of the left/right stabilogram

without foamrubber is not increasing very much despite che increasing

amplitude of the recom tilt. With foamrubber a certain Level of the RMS

value (indicating proprioceptive interference} is reached already at an

amplitude of 3.5° of room tilt. With two layers of foamrubber this occurs

at a higher Level, as was to be expected. The rachker large standard

deviations are partly a resule of the interindividual differences which

will be discussed Later. The fact that the RMS asymptotes a certain level

despite the increase of the smplitude of Tilting Room 1, must be explained
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by the interference of the propricceptive system.

Subsequentiy by positioning the stabilometer on the balconies of a high

puilding, it was possible to vary the distance between the eye and the

visible surroundings from 0.5, 25, 75 to 200 m if the subjects had a

funnel (restricting visual field to 75°) attached to their head. Im each

condition six stabilograms were recorded (no, one or two layers of foam-

rubber on the stabilometer 3 with or without funnel). 4 stabilogram of

the subjects having their eyes closed was measured as well. It must be

emphasized that the experimental conditions were not optimal because the

yigual scenery was different under the four test conditions, and, although

the measurements were performed on @ Sunny afternoon, there was 4 gentle

breeze all the time.

It can be seen in Fig. 5.5 that the instability is already maximal at an

aye-object distance of 25 m. No significant difference between the RMS

values for the different test conditions obtained at 25, 75 and 200m

could be established. This is also the case when peripheral vision is

present. However, the RMS Jeveis of instability obtained with peripheral

vision (under the conditions with feamrubber) are below the levels found

without peripheral vision (p < 9.01). This implies that the influence of

peripheral vision on postural balance is very important : the influence

of the proprioceptive system must be playing a role of minor importance

relative to vision in these conditions because the instability under these

conditions increases with exclusion of peripheral vision. Without foam-

rubber no difference between the conditions with or without the presence

of nearby stationary concours in che periphery of the visual field could

be established which implies that there the proprioceptive system is

adequate to keep proper balance although the visual information is mis-

leading.

The RMS of the stabilogram cbtained in the "nyes-closed" condition is of

the samc arder of magnitude as the RM§ obtained with eye-object distances

oF at least 25 m without peripheral vision.

The rather large standard deviations are partly result of the interindivid-

ual differences. Ranking the subjects according to the RMS in both the bal~

eony and tilting room experiments gives a coefficient of rank correlation of

0.82 indicating that the role of vision in postural stabilization is subject

dependent.

This experiment Leaves some problems unsolved. One might ask whether the

instability at eye-object distances of more than 25 m may be the result of

wind or perhaps height~fear although the subjects were unaware of Lt since

no height vertigo was reported.

Another point to de noted is that the instability is already maximal at

25 m but the exact saturation point has not been found, Apart from these

points no tilting room data about the foreaft sway are available which

leaves open the question as to whether the hypothesis is aiso true fer the

foreaft body sway.

5.3.3 Experiment 5.6. Lateral and foreaft body sway at various distances

(0.5 to 25 m) and proprioceptive interference

Six healthy subjects (4 maie, 2 female, age 20-02) participated in this

experiment.

First they were tested with foreaft and jateral optic tilt in Tilting

Room Tt botit with and without foamrubber. These tests were presented in

random order.

The results are showa in Vip. 5.6. [cas interestius bo mote that che

subjects are muck more sensitive to the foreart than ta the Latera) tile,

There is a remarkable discrepancy with Lhe resabts of Experiment 5.0

Although the BMS of the stabilograms obtained with one layer of Foamrubber

with Tilting Room IL is Jess than that found in fxperiment 5,0, the sub-

jects could not perform the test on double feaurubber. Most of the subjects

preferred to have some assistance available even with one layer c£ foam”

rubber because they felt uncertain and sometimes experienced yertigo. An

explanation might be that in Tilting Room IY tie subjects could not just get

off the stabilometer as with Tilting Room I because in Tilting Room TI they
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loteeal and foreaft stabilegrama, Both the Lateral and

the foveaft stabilagrams were cevorded during lateral

and Foreaft sinusoidal movement respectively of

Vikting Room TI Campl. 2, 4, 6 and $2 +: freq, 1/40 Hz).

The six subjects were standing both without Cx) and

with (o}) foamrubber on top of the stabilometer.

would not step down on the stable floor but rather onto the floor of the

tilting device itself which certainly would not facilitate stability.

there is no reason to suppose a difference between the two groups of sub-

jects. The most iikely explanation is that Tilting Room 1{ is much more

‘eeal" which causes a shift in the sensory weight in favour of vision.

“he Tilting Room II experiment was followed by a more netural stimulus

situation for testing the influence of the distance below 25 m under

"static" conditions. In this experiment a university lecture hall was used

to provide different eye-object distances, thus eliminating, che possibility

of wind influencing the results. ty a suitable choice of the illumination

Ciifaminated baekwalt) and the use of an adapted fimnei the eye-objece

distanee could be vacied up to 25 w. The distances in the jecture hall at

which (he stabilograms were recorded were 0.5, 2.5, 5, 10, 18, 20 and 25 m

in the sequence $55, 10, 5, 2.5, 0.5, 25, 20 m, and 15 m once more as a

heck, The eyes-closed condition was tested as well. These measurements
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were performed with the stabilometer without, with single and with double

fvaarubber Layers. As a check these six subjects were also tested at the

t

75 m condition of Vxperiment 5.2.

Pig. 5.7 shows the results. Were too it is found that the instability of

the foreafc sway is greater than of the left-right sway. The results



confirm the findings of Experiment 5.a because the RMS of the stabilograms

in the lecture hall at an eye-object distance of at least 3 m is of the

game order of magnitude as the RMS obtained at the 75 m condition on the

balcony.

It is noteworthy that postural instability was found to be maximal ata

distance of only 5 m. This means that at larger distances vision does noc

contribute to postural stabilization. However, dt does noc play a really

destabilizing role because the RMS obtained under the eyes-closed conditien

has about the same value as those obtained under conditions with eye~object

distances exceeding 5 m. Furthermore the results of Experiment 5.6 confitm

those of Experiment 5.a concerning the order of magcitude of the RMS in the

left-right stabilogram.

5.4 DISCUSSTON

 

The results of Experiment 5.a with Tilting Room I reveal a Level of

nraprioceptive interference which is relatively independent of the increas~

ing amplitude of the sinusoidal tilt. No vertigo was experienced by the

subjects indicating that these stimulus conditions were not particularly

stressful. It must be emphasized chat despite the fact that the subjects

xnew about the tilting of the room, the body sway is inflvenced by the

stimulus, most clearly when. the subjects are standing on foamrubber.

Experiment 5,b using foamrubber in Tilting Room II did not reveak a clear

leyel of proprioceptive interference. However, in this experiment some of

the subjects reported vertigo. It happened several times that a complete

logs of orientation eceurred inducing a sudden onset of vasovegetative

symptoms, lasting for several seconds. ALL subjects reported that this

part of the experiment was exerting and rather unpleasant. The behaviour

of these subjects on foamrubber is in fact the same as that patients with

vestibular lesions or post~concussional dizziness showed with tilting

Room L without foamrubber (Bles et al., 1977 3 Biles, 1977 ; cf. chapter 6),

although te a lesser extent, With these patients having difficulties with

integration of the sensory information it was found that the greatest

gensory weight was placed on vision and not on proprioception, The

86

conclusion to be drawn from the tilting room experiments is that the more

natural the optic stimuius, the more sensory weight is given to vision.

This explains why che subjects had to exert themselves under the conditions

without and with single foamrubber and could not perform the test on double

foamrubber. So when the integration is difficult, either as a resuit of

strong conflicting sensory information or as a result of pathology, most

sensory weight is attributed to vision. This conclusion also fits in with

earlier results obtained with the slanting ships cabin (de Wit, 1973) and

the behaviour of the subjects living in a tilting environment (Kitahara and

Uno, 1967)- see also Bischof (1974).

The experiments 3.4 and 5.b support the hypothesis that increasing eye~

ebject distances are associated with a measurable postural imbalance. With

eye~object distances of more than 5m vision does not play a rele in

postural stabilization. The “static” stimulus conditions of large eye

object distances will not destabilize posture to falling per se because of

the redundancy in the control system. The lack of appropriate visual input

is widely compensated for by the somatorcceptors and labyrinths.

‘The experiments described so far may explain the physiological mechan ism

of height vertiga. If, for any reason, much sensory weight is attributed

to vision, this may resule in serious problems in maintaining the upright

position under couditioas where height vertiga might eceur because Lire:

visual information under those conditions is in fact false. Therefore

patients with yestibular or somatasensery dysfunce Lous (e.g. podlyneorepal hy)

are subjected to a particularly greater risk when exposed to such siluatians.

Because the postural. behaviour ip the Lilting reeni experiments cid ir the

experiments with the varying eye-objert distances wits subject dependent, 2

is expected that subjects experiencing diffieubetes feb

 

e bilb ing, room,

will also have difficulties in stabilizing pasture when the vritieak eyen

object distance is exceeded.

As already indicated this would aiso be true for subjects with yestibular

Lesions and this therefore explains why Pogany (1958) Found so many of

such subjects among his pepulation of sufferers from height vertigo.
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it is also possible that height vertige in healthy subjects is induceg tao

by the intersensory eonfiiet between vision and proprioceptive system at

large eye-object distance. A necessary condition in that case is that most

sensory weight is contributed by vision, As has been fourd in the

experiments this is not the case: vision does not destabilize posture; the

propriceeptive system interferes adequately. However, several arguments

can be put Forward that in height vertigo circumstances a shift of the

sensory weight in favour of vision occurs indeed.

(1) In height vertigo circumstances the subject usually leoks downward

with tilted head. From the pilot experiment ic is seen that this

influences stability. Moreover, if the ctoliths are not in the ideal

position, because of head tilt, the sensory weight of the otoliths

decreases in favour of vision as found by Dichgans et al. (1974).

(2) Ie has been argued in discussing the results of the cilting room

experiments that che natural character of the optic stimulus leads to

an increase of the sensory weight contributed by vision, but this

certainly holds for heignt vertigo circumstances; for in that case the

optic stimulus is far from artificial.

(3) Additional disturbances like wind or an unstable foot support may also

result in a shift in £avour of vision. Subjects are apt to use

especially the visual information in problematic circumstances.

Tf the argument is true that height vertigo is based on a visual destabiki-

zation of free stance when the eye-object distance becomes eritically large,

the perceptual consequences must fit in with the concept as well. These

consequences are +

(1) The cecurrence of height vertigo should be related to body position.

Height vertigo should be maximal with upright stance (because the head

sway is maximal im that pesition so just then the conflict can be

induced) and minimal in lying position (minimal head movement; no

conflict). This was found to be the case indeed (Brandt et al., 19738)

and although the results might have been contaminated by height fear,

the results are not conflicting with the hypothesis.

(2) Height vertigo should be induced by downward or upward gaze {identical
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(3)

The

can

(1)

(2)

(3)

visual epndition) hecause it should be the distance rather than the

    

tion thae is ecitieal,

‘owns pbtained that this is the case indeed (Brandt et al.,

Wen),

Height vertigo should appear at a distance of about: $ wm, should

inerease with increasing distance (Fig, 5.1), and saturate at 4 height

below 15-26 m.

Using a magnitude estimation technique it was found chat the subjective

height vertigo was not significantly different at heights of 20, 60

or ]00 m respectively (Brandt et at., $979).

present posturographic data suggest that induction of height vertigo

be minimized by :

Adjustment of the head to the gravitational vector when looking down,

since head tilt reduces pestural stability as found in the pilot study.

Providing visible nearby cues in the periphery of the visual field,

since nearby stationary contours provide peripheral vision with che

necessary information to svabilize posture. This is shewn in experiment

S.a in which the KMS Leveis determined in the “peripheral vision-foam-

rubber" conditions are the levels of visual interference. This is true

because with exclusion of peripheral vision the instability increases

significantly up to the Level of proprioceptive interference.

Without Foamrubber no difference in stability could be established

indicating that the level of the proprioceptive interference bere is

lower than that of peripheral vision. In the conditions without foam-

rubber and with peripheral vision there te no chance that a percepeual

conflict arises because, with the nearby stationary contours in the

visible periphery, body movement is detected by both proprigception

and vision.

Avoiding of free stance under conditions where heiphe verlino might

ecaur as the vertigo is primarily due to the induced body sway. If

the subiect is lying down incongruity of the proprioceptive and visual

information cannot be induced.
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CHAPTER 6

TRE TILTING ROOM AS A CLINICAL 7001,

Sunpiary

Te to found that with patients suffering fran post~-coneussional linn ere ot

the sensory weight attributed by viston in spatial oniantatten ps weep tn

donatly Large, resulting in an Optte Guay of targe amplitudes. Tt ta cd

ed that the tilting roam might be a suitable devies to abjeetify the

ive post-eoncussional syndrom. Tt te also gshoun that in apatial ortentaiton

and postural control patients devotd of vestibular Junction rely to a fan

greaber extent on vistorn instead of on the somatosensory information.

   

6.$. INTRODUCTION

in the experiments deseribed so far only healthy subjects participated. Ic

was the well functioning cemtral nervous system waich had to cope with

experimentally induced incongruity of the sensory information. The question

of how an improperly functioning CNS, which is probabie with patients

suffering from post-concussional dizziness, deals with incongruent sensory

information will be discussed in 6.2.

The question of how, with patients devoid of vestibular function, in case

of incongruity of the sensory juformation, the CNS relies on vision and the

somatosensory system will be discussed in 6.3.

6.2. Post-Goncussionak Bt.
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Fig, &.1, Representative examples ef Optic Sway recordings.

A. Healthy subject without foamrubber on kop of che stabilumeter.

H. Uealchy subject with foamrubber on Lup of the stabilometer.

G, Patient deveid of vestibular tunezioaing, without foamrabber.

i, Patient suffering from post-concussional di¢einess, virheat

foamrubber.

 

complaints about dizziness are most serious when there are severe and ab tupl

changes in the scenery of the patient's surroundings, &.g. when he is walking

in a busy street, Dizziness also cccurs if the equilibrium system is greatly

strained, e.g. when climbing a winding staircase,

Stabilometric investigations revealed that sufferers from post-concussional

gizainess as a group show a significantly greater instability than a control

group of heaithy subjects (Kapteyn, 1973 ; Kapteyn and Bles, 1976), but this

instabilicy was not of such magnitude that it was possible to use the routlie

stabiloyram as a decisive factor for the diagnosis. Obviously, these patients

have adapted to every-day situations in which the sensory information of the

different sensory systems can be handled reasonadly well.

There was av opportunity to examine ten patients suffering from post-comeuss—

ional dizyiness ia the tilting reoms. They were examined more than half a

year after the concussion took place. Even without foamrubber with these

patients sinuscidal movement. of the room (ampl. 5° ; freq. 1/60-1/5 Hz)

resulted in large Optic Sways with amplitudes exceeding 20 mm.

Several times, however, the subjects had to be supported during the tests

which makes a computer analysis not meaningfull. Moreover, sometimes the test
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nad to be stopped prematurily because of the induced vasovegetative

instability.

fhree patients reported to have stood upright although they showad an Optic

Sway with amplitudes of over 20 mm, which is rather large as compared with

the amplitudes shown by healchy subjects. Three other patients experienc ed

pure roll vection, reporting that instead of the room the platform was

moving, which resulted in Optic sways of such amplitudes that they sometimes

needed support. The other four patients had a mixed experience (both plat~

form and room moving) resulting ia large Optie Sways. A recording of the

tateral stabilogram of a patient experiencing rell vection ts shown in

Fig. 6.1. These findings make clear that these patients mainly rely too much

on vision, indicating that the sensory weight of vision in the integration of

the sensory information is dominant over the sensory weight of the somataq

sensory system.

Of course, it is impossible to relate the postural behaviour of these

particular patients to specific lesions iy the cepstral neural structures

ince the lesions in these patients are got known. Bur, in view of theSs

findings of Amphoux and Sevin (i975) chat it is espectally the brainstem

it is highly probable thatwhich is very vulnerable ip ease of conunss

 

this aberrant nostural belayicur is due to an integration problem, so to a

Lesion in the brainstem regions. would confirm the findings of Vedrenne

 

and Chodkiewiez (1975) whe, with autopsies after skull injuries, found in

the brainstem macroscopic Jestons in 65% and aieroseopic Lesions in 992 of

all (187) cases.

6.3. Vestibular Delica Fite ble np, Room

  

 

Yhere was a possibility te cxawine in che cilting rooms two patients devoid

of labyrinthine function caused by 4 basal meningitis. They showed no

  

response te catorie cian sid rotatory movement. They also showed na

Coriolis-effeet aud if turned out to be impossible to induce Pseudo-Coriolis

effects either Cin aceordance with the findings of Dichgans and Brandt (1973).

 

 

 

R
nx6 ay if

4 é

P|
Ot Lar|

Lt } | —s | lp

Lara
[
12 a 4 4 a 2s
CLrecenteseers beeenJd

  

  

  

: 4 8 12 34)
earnerarebamataneiahoinhea

  

 

3

s

= rc. > a 12 6 (9%
!

  

fu ovemperktian with Fig. h,2. Yorient devoid of v
hualthy subjerts. far



Submitted to the sinusoidally moving tilting reom they experienced ¢ pure

SF roli vection (‘the platform is moving'). When convinced that the platform

fi was stationary and that it was only the room that moved, they still could

not resist the induced Optic Sway although the magnitude was not equally

impressive (see Fig. 6.1.). However, by abruptly changing the Frequency of

      

1 Late

t the sinusoidal movement, ic appeared to be easy to overthrow these patients.

i Apparently they have serious problems in maintaining balance in the tilting

8 room because they rely too much on vision instead of on the sematoreceptors,

i The predominance of vision over the somatosensory system is shown in the
4 a 12 6{%

Sua {semi-}static tests as well by one of these two subjects in Tilting Room iL

{from the other patient unfortunately no data are available). Vig. 5.1A.

shews that the somatosensory imformation itsel£ is adequate for adinst ion

 

the platform to the horizontal position (which is done remarkably well,

compared to the performance of the healthy subjects}, whereas vision over-

rules the somatosensory information completely (Fi. 6.2. B and C).

The SV indication in the static tilt experiment its ulse shown to be heavily 
-- i

IT PETOELESL OEY YE BrETE dependent on vision (Fig. 6.3.). This last test reveals chat the parameter @

(see equation (1) in 4.4.) could be a visuo-vestibular weight ratio indeed.

6.4. Canclusion
 

A patient suffering from post-coneussional dizziness is in many cases,

because of his dizziness, not fit te resume his work. Many times such a4

patient is suspect of aggravation especially when he is found to have

nermelly functioning vestibular apparatus and when no Further chjective

phenomena are present that could explain his dizziness.

Perhaps the above described "Opeic Sway Test", an examination of especially

 

the integrator of the sensory information, can be used to objectify their

complaints.

 
Concerning the patients devoid of labyrinthine functioning, it should be

noticed thae the “Optic Sway est" is of course not the appropriate
- fuaetioning in comparison with

pd see Fig. 4.3. : examination method of the vestibular funetion per se : for that purpose the
Iyea

Te

  

Belicia Ue sk
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vestibulo-ceular examination methods as developed and propagated by a-o.

Jongkees (1969, 1974) and Gosterveld et al. (1972) should be used.

However, posturography in combination with the tilting room is an effective

tool to cbjectify che troubles a patient with westibular deficiency will

experience when confronted with misleading sensory information,

Aa important result of the "Optic Sway Test" deserlbed above is the Large

sensory weight contributed by vision, even when the patients are aware of

the fact that the optic stimulus is misleading. As stated already in 5.4,

these patients are subjected to a higher risk when exposed Co situations

jn which they are not aware of the misleading character of the aptic stimu

lus (cf. the discussion about height vertigo in 5.4.).
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SUMMARY AND CONCLUSIONS

 

SUMMARY
 

" 1.. Als prinzipielle Vorausset gung fiir das Studium vestibularer Effekre

gehoren passive Rotationen. Alle aktiven Drehbewepgungen sind glatt zu

verwerfen....". in the present study this statement from Fischer and Wodak

(1924) is literally trodden under feet.

Ir is true indeed that by stepping around (active rotation) the vestibular

reflexes and sensations differ from reactions induced by passive rotations.

In chapter | it has been tried to explain these discrepancies by experiments

which show that the somatasensory system invelved in stepping around plays

a role similar to vision. Rotation of the visible surroundings around a

stationary subject invariably leads to a sensation of self-motion ; 2 simi-

lar sensation can be induced by apparent stepping around Gehich is possible

by stepping around in darkness on a rotating platform in such a way that the

spatial position does not change). The sensation induced by apparent stepping

around cannot be distinguished from the sensation induced by real stepping

around. It also turned out to be possible to induce nystagmus and Coriolis-

like effects during apparent stepping around suggesting that the somato~

sensory—vestibular interactions are analogous to the visuc-vestibular inter-

actions,

In chapter 2 the influence on posture is discussed of semicircular canal

stimulation (by means ef caloric irrigation and by active or pasSive rotation)

and corresponding visual stimulation. [t is foumd that there exists a relation

between bedy torsion and sensation of rotatior on Che one hand and: iatero-

pulsion and nystagmus on the other hand, Here coo the somatosensory infor-

mation is important because che direction of the nystagmus and the sensation

of rotation were sometimes found to be different, for instance during caleric

ixrigation of standing subjects.

Apart From the sensory interactions during rotations, similar interactions

oF



are known for lineer movements (e.g. the apparent departure of the own train

when the neighbouring train leaves}. In this case, however, the otoliths are

aiso involved.

In the present study the interactions between vision and otoliths are studied

by varying the optical vertical relative to the direction cf the gravita-

tional vector by means of a tilting room. En chapter 4 che influence of

stationary cilt of che tilting room en the perception of the vertical and on

standing upright has been under investigation. It appears that the subjective

vertical in subjects standing upright is mainly determined by the visual and

vestibular information being independent of the position or rigidity of the

foot support. Statice room till has a stight influence on posture, but

stability is not affeeted, With a sinusoidal movement of the tilting room

(Lateral or foreaft) a sinuseidal boly movement is induced {to be calied

“Optic Sway"), without the subject being aware of this, When Che somatosen-

sory system is nade less effective by positioning the subjects on foamrubber,

the sensory weight given to vision is enhanced considerably résulcing in an

increase of the Optic Sway, The Optic Sway as a function of amplitude and

frequency of the sinusoidally moving tilting room has been investigated

systematically.

As a prelude to these investigations an expeciment has been described La

chapter 3 with continuous reil motion of the visual surround about 4

sagittal axis at eye-level.

Visual detection of head displacement is dependent on the distance between

the eyes and stationary objects in the visible surround because of che

limited resolution of the retina. By means of stabilometry the postural

stability es a function of the eye-object distance has been investigated,

It has been found that at eye-object distances of over 3 m vision does no

lenger contribute to postural stabilization, These experiments, together

with the poasible consequences for the height vertigo mechanism, are

disenssed in chapter 9.
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Also as a result of this study it can be said that as an auxiliary to the

classical vestibular examination metheds posturography can be applied in

the clinic (Kapteya and de Wit, 1972 ; Folkerts et al., 1973 3; Gagey, 1977).

Because hardly ever the same subjects perticipated in the different experi-

ments of this study, the various aspects of sensory interactions are not

synthesized into one model. With a view to the interindividual differences

measured under the various fest eonditions and to the systematically

divergent behaviour of certain patients it would seem recommendable to lay

in further studies more weight on the inter-relations between the various

tasts se as to obtain a better insight into the physiology and patho-

physiology of the equilibriun aechanism as a whole.

CONCLUSION
 

In the present study it fe shown thet the information of the vescibular

system, the visual system as well as the somatosenory system is equally

significant for keeping balance and keeping a proper orientation. For an

adequate spatial orientation it is of primary importance that the informa-

tion of these three sensors is weighed and integrated properly.

Dizziness being due to a dysfunction in this integration, either by an

unudequately functioning of the sensors or by a dysfunction of the integration

centre icsel£, the following suggestion presents itself. With patients with

dieziness complaints (including height vertigo and motion sickness) je gould

bo of advantage if in addition to the classical examination of che wei ilekar

system attention is paid also to the functioning of the entire equi libey Lau

 

system. Suitable tests for Lhis purpose are presented in Lh nly
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" .., Als prinzipielle Voraussetaung flr das Studium vestibularer Effekte

gehdren passive Rotationen, Alle aktiven Drehbewegungen sind glatt zu

yerwerfen...". Deze opvatting van Fischer en Wodak (4924) wordt in de onder-

havige studies letterlijk met voeten getreden.

Inderdaad blijken door rondstappen (aktieyve retatie) de vestibulaire reflexen

en sengaties af te wijken van deer paasieve rotatie geinduceerde reacties.

In hoofdstuk 1 wordt een verklaring voor deze discrepanties gezocht doar

middel van experimenten die Laten wien dat het sumatosensorische systcem ge-

Xnyolveerd in rondstappen een roi speelt analoog aan die van het visuele

systeem. Draaien van de zichtbare ompeving rond cen zich niet bewegend perm

soon induceert onveranderlijk een sensatie van zelf ce draaiten ; dict blijke

ook het geval te zijn bij stimulatie van uitsluitend de somatosensoren door

schijabaar rond te stappen (Chetgeen gebeurt door in het donker op een draaiend

platform te lLopen zonder dat de ruimteLijke positie zich wijzigt). De op deze

wijze opgeroepen bewegingssensatie biijkt niet te verschillen van de sensatie

dia optreedt bij echt rondstappen. Tijdens schijnbaar rondstappen blijken ook

nystagmus en Coriolisachtige effecten geinduceerd te kunnen worden hetgeen

pleic voor interacties tussen het somatosensorische en het vestibulaire

systeem analoog aan die van het visuele en het vestibulaire systeem.

In hoofdstuk 2 wordt de inviced van stimulatie van de horizontale half-

cirkelvormige kanalen (d.m.v calorisatie en aktieve en passieve rotatle) en

overeenkomstige visuele stimulatie op het houdingsevenwicht besproken, Het

blijkt dat de torsie van het liehaam en de draaisensatie als ook de latero~

pulsie en de nystagmus aan elkaar gekoppeld zijn. Dat ook bij deze proaven de

somatosensorische informatie een rol speelt biijkt b.v. uit het verschil

in riehting van de draaisensatie bijy calorisatie tijdens staan of zitten.

1G

Behalve de boven beschreven interacties bij rotaties, treden soortgelijke

tnteracties cok op bij rechtlijnige bewegingen (b.v. heat vermeende vertrek

van de eigen trein wanneer een ernaast staande trein vertrekt). Hierbij

gullen echter ook de otolieten een rol speien,

In de huidige studie worden de interacties van de otolieten en het visuele

systeem bestudeerd met een andere methodiek nl, het wijzigen vaa de optische

yertikaal ten epsichte van de zwaartekracht door middel van een kantelkamer.

In hoofdstuk 4 wordt de invloed van stationaire scheefstand van de kantel-

kamer op de waarneming wan de vertikaal en op het houdingsevenwieht onder-

zocht. Het blijkt dat de subjectieve yertikaal bepaald wordt door de visuele

en vestibuLaire informatie en onafhankelijk is ven de positie of de stiji-

heid van het grondvlak waar de proefpersonen op staan, Stationaire scheef-

stand beeft een geringe invloed op de bouding, maar de gtabiliteic worde niet

aangetast. Wanneear de kamer sinusgvormig beweegt (voor-achterwaarts of zij-

waarts) dan wordt een sinusvormige beweging van het lichaam geinduceerd

(2gn. "Optic Sway”) zonder dat de proefpersoon zich dat bewust is. Wordt de

somatosensorische informatie minder effectief gemaakt door de proefpersoon

ap schuimrubber te plaatsen dan bliikt de invloed van de visuele informatie

op de Optic Sway aanzienLlijk groter te zijn. De Optic Sway als functie van

amplitude en frequeatie van de sinusvormig kantelende kamer is systematisch

onderzocht.

Als preiudium op deze experimenten wordt in hoofdstuk 3 een experiment

beschreven waarbij de visuele omgeving volledig draaide om een sagittale

as op coshoogte,

Wanneer de afstand van de open tot stationaire objecten in de visuele om-

geving tacoeemt, zal, ten gevolge van het beprensde oplossend vermogen van de

retina, de verplaatsing van her hoofd steeds grotern moeten worden om deze

verplaatsiuy ook visued! wiar Lo nemen, Qe invioed van toencmende sog-object

afstand op het howling s-evenwicht fs dvmev. de stabilometri¢ onderzoche

waarbij pevonden werd dat bij alstander van acer dint 5S meter het visuele

systeem geen bijdrage meer Levert jao het liowd inps-cvenwieht. Deze uxperin

mentan, samen met de mogelijke conseqt nhies op het gubled van de hoopce>

vreas, worden bediscussicerd in hlooFdstul 5.
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Tenstotte worden in hoofdstuk 6 enige resultaten besproken yan experimenten

in de kanteLkamer met patienten lijdend aan post-commotionele duizeligheid

en patienten zonder vestibulaire functie. Het opvallende bij deze tests was

dat deze patienten zeer veel waarde hechten aan de visuele informatie. REFERENCES
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