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To keep control of postural balance at free stance or locomotion, am adequate
spatial orieatation Ls a necessaty condition both in animal and man, Spatiak
orientation refers to the orientation of the body within a certain Erame of
reference (physically defined) and te the perception of the position within
a spatial reference frame (psychophysically defined). Especially in man,
because of his unstable equilibrium due to his upright stance, the central
nervous system (CM3) has to be provided continuously with information about
the actual as well as rhe expected position of the body with respect to Ehe
field of gravity and the supporting earth surface. The most important sSensory
systems which provide this information are rhe vestibular, 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 zcceleratioas
{therefors sensing the positien of the head relative to the gravitatiomal
vagkor).

The somatosensory system refers to the sensors in the skin and underlying
tissue {which record the contact and pressure of the body on the supporting
curface), as well as to the =zenszory inputs from joints and tendons (eig—
nalling relative pesitions and movements of parts of the body). The somato~
sensory system aned the vestibular system together will be called the
proprineeptive systonm.

The visual system provides the CHS with an additional reference fram: beciuse
directional strueteres in the vissal Ficld are prefercatially perceived as
vertical or horizontal. Moreover, the rebinal periphery is impertant in
deciding hotween seli- and objest-motion.

Both the vescibubar apparatus and the oyes are sitnated in che head, and the
Fact that chis coan be moved rolavive Lo the trook complleates matlons

ronsiderably. Thetefore an interaction betwoeen these Lwe Lnfopmat ion sources



and e.g. the scomatoreceptors in the neck is nacessary during head movements.

For instance the deep somatic neck afferents have to neutralize the wisual

and vestibular signals, when a standing subject inclines his head on his
shoutder, in order to prevent righting reactions which are not necessary
therr. From this simple example the necessity of an adequate integration of
the sensory informetion For maintaining spaceconstancy is already evident
Pergeptusl space orientation and postural balance are redundant mechanisms
with some overlap between the functions of the single loops. Mutual cali-
bration is required which then allows for one loop to compensate Eor a
deficiency of the other. In case of intersensory mismatch (provided by
incongruent visuo-vestibular or somatosensory-vestibular informaticn)
vertigo and nzuses may occwur. This is called motion sickness when the
vertigo is induced by stimulation of rhe sensory systems, and clinical
vertigo syndrom in patients suffering from lesioas of the peripheral ov cen-
tral vestibular system. Therefore, experimertally induced vertigo by stimula-
tion of the sensory systems not only increases Lhe koowledge in sensory
physiology but also leads to a better understauding of the pathopenesis of
elinical vertigo syndroms. Extensive studies bawve been performed on effects
of unimedal stimulation of either the visusl or the vestibular system.
However, receat work on visuo—vestibular-somatesensory interactions gave
motivation for a study in whieh the perceplual as well as the oculomotox
ard postural consequences of multisensory motion stimulation were investi-
gated. This reguired a coabinatica of psychophysical metheds (verbal raport,
magnitude estimation), clectronystagnography (to gquanticatively analyse eye
movements) and posturography (Lo record the body sway).
The following questions have heen inwvestipated :
1. Are the somabtosensory-vestibular interactions analogous to the visuo-
vestibulay interszetions when dealing with rotatiom about a vertical axis ?
Frem a Eunctional point of view it wust be primarily the somato-
sensory system involved in stepping around which should contribute
to a sensation of circular self-motion (Circular Vection, CV). By
means of a rotating bar and rotacing drum combinazion the wisuo-
gomatosensory-vestibular interactions during real or apparent

stepping acound have been investigated which will be described in

chapter 1.

2. What is the influence of CV on Posture ?
Since the after effects on active or passive yotation shout a
vertical axis were found to differ as to the direction of the CV
and the direction of body torsion, perceptual and postural effects
due to other rotatory vestibular and visual stimuli have been
studied as well. These experiments wiil be desoribed in chapter 2.

3, What is the effect of eptie roll stimuli on posture 7
Continuous rotation of the visual surround about a horizontal axis
in the sagittal plane results in s sensation of roll motion in the
opposite direction, which is called roll wvection. In literature the
perceptual and postural consequences of optic rolling with the
rotation axis at eve-level have been described ; im chapter 3
therefore only one simple sxperiment will be described which desals
with the effect of an optic roll stimulus at eye~level with its
rotation axis fixed relative to the earth or fixed relative to the
head. Chapter 3 can be seen as a prelude to the experiments in
chapter 4.

4. unhat is the effect of tilting surroundings on pasture ?
filting surroundings are known to induce perceptual space trans-
formations. These perceptual space transformatlions have been sub-
jeet of investigation together with the postural consequences by
neans of a tilting room and 2 tilting piatform. This is dome for
stationary and sinusoidslly varying room tilt. The resulis are
given in chapter 4.

5. What is che clFect of dilfecent eye—object distances on posture ?
Due to retinal deficiency body movement cannct be visually detected
L0 the eyo—objueet distanee is teo large, Tt will be shewn in chapter
B oEhat Liiis dncrease in eye-object distance may kead Lo a postural
tnbalanee . In correspondence herewith a possible hypothesis for the
meclhanism of physiologicel helght vertige will be discussed.

le 4ll cxperiments deseribed in these chapters postural and perceptual

consoquences of stimnlation of the sensory systems have been studied in

healchy subjects. Therefore this approach is quite different from the



original approach used by e.z. de Kleyn and Magnus (1813, Mapgnus (1924) or
Rademaker {1924) who analysed the postural consequences of operative elimina-
tion of the Labyrinth, unilaterally er bilaterally, or of central neural
structures in animals. & similar study under the described test conditions
of the perceptual and postural behavionr of patients with well defined pevri-
pheral or central vesltibular lesions would enlarge the knowiadge about the
clinical vertigo syndrom (e.g. compensating mechanisms) and perhaps rasult
in new examination methods for climical use, but £his would be beyond the
scope of the present study. However, in chapter & the results of 2
preliminary study on patients are glven. Some patients suffering from the
post-concussional dizziness syndrom and patients dewoid of vestibular
function have been examined with the tilting room. These patients chew a
significant enhancement in the sensory weight given to vision ia spatial

orientation demonstrating the possible climical use of the vilting room.
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CHAPEER 1

CIRCULAR VECTION AND STEFPING AROUHD

Sunsiasy

Reafferent somitosenaory information from muscle and joint receptors is
sufficient o induce an {iiusion of OV with concomitant nyebagmus in oan
objectivaly stationary subfect Apparently Stepping Arvcund f484) on a
potaiing platform i the davik. 4 sonctosensory-vestibulay convergence wndar—
Lying this phenomenon must be postulated. Active head tills at ASa~induced
OV may elicit Coviclis~like affects. T+ da ahoun by magnitude zasimation

of Coriobis—affecta that {ntensity is strongest tn euse of tncongrulty of
afferent wotion signals.

i.1. INTRCGDUCTION

The horizontal semicircular cenals within the vestibular labyrinths are
detectors and transducers of angular accelerations applied ko the head

about the z-axis, The mathematical deseription of the cupuia-endolymph
system as o heavily damped torsisn-penduilum system (Steinhausen, 18233 3

vile Bpmond oekoalo {19493 is widely acceptec among physiologiscs.

for a survey ol che psychophysical aspects and mathematicel wmodelliing of the
vest ibutar systom refercnce is made to Cuedry (1974) and Mayne (1974). Of
importance at this momuent is tlue stimulation of the lateral semleirenlar
camals resules in o hoplzeoatal oystagius and in LY.

Howewer, Ghe vostibubar systoew (5 wet the only system that detects self-
wobion, wvision Ls alsoe vory twportaat. Mach (1875) already observed that
fooking ot moving visible suprommd ings indoces selD-mak jon sensation,
Bieippans and Brandd (HUTH) Dave ecxtensively iovestipated vhe aptokinetically
Pndiced OV, Their most impertont Indiug is that inoa srabionary subjeck
rotation of the enbire visihle surround tnvariably leads booan dpparent

self-rotation sppesite ln dircctien be putbern wotion Coptokincetic V).

Lr



Using microelectrodes in neurophysiological studies in animals (f¥ieh, rabbit
and monkey) it was found first by Klinke and Schmidt (1970), confirmed by

Dichgans et 21.{1973) and in recent years by Hemn and assoclates that second

order peurons in the vestibular nueclei exhibit a direction specific modulation

of resting discharge evcked 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 stimulation

of the horizountal semicitcular canals, also showed consistent frequency
changes when the animals were exposed to moving visual fields. These authors
state that the visual pathway coaveys the rather abstract information akout
velgeity of the visuval surround. The visual stimulus, however, must cover
iarge areas of the peripheral vigual field. After onser of stimulation (e.g.
velocity step Function) the visually induced modulation of the discharge rate
has a latency of several seconds and it usually takes secme mare seconds unt:il
moat units are maximally activated or inhibited by the visual stimulus.

When these reurophysiclogical Findings are compared to human perception under
these circumstances, the similarities ave evident : exposad ro a2 moving
pattern, the initial experience is only that of ohjest or surround motien
relative to the ege (egocentric motion perception) ; after one to a few
gecands the subject experiences a self-motion as well (combined ego- and
exoeentric wotion perception) which is followed by a compelling sensaticm

of pure scif-motion (exocentric motion perception), in which the accually
moving surround seems Lo be stationary (Dichgans and Brandt, 1972).

The finding that it was possible to induce Coriclis-like effects through

head tilts during visually induced OV (the so-culled Pseuwdo-Coriolis effecks
(Brandt et al., 1971}) provided [urther evidence for a functiceal visual-
vestibular convergence. Because in the prescol section Corielis effects are
dealt with, some explanation is reguived here. Tilb of che head towdrds o
shoulder during consrtant weleclty rotablon results in a typleal crosg-
coupled vestibular stimmlatien. In literdture this kind of vestibular
arimulation together with its perceptual couscquences ks refuorred to as
Corinlis effect. The percepiusl aspects of the Coriolis cfiecl are conplex.
The un-experienced subject reperts at [irst a cunfuscd, uupleasant

experience of motion. This is, however, often the case with sensation of

6

ratation about other axes tham the vertical axis (ef. roll vection in
chapter 3). The reports ere mostly a combination of ilt and rotation whiich
can be understood by mathematical examination of the stimuius., A comprehen—
sive mathematical analysis of this matter has beem given by Guedry (1974).
The point 1is that at completion of the head movement there is a diserspancy
betwaen the head tilt indieated by the otolith- and neck-receptors and che
direction of the angular veleocity wveetor as semsaed by the canais. When the
head is tilted during optokinecically induced OV (Fseudo-Corielis effect 3
Brandt et al., 1971}, rhe perceptual experience includes tilt and dizzminess
too and is indistinguishable from veal Corlolis effects. Because rhe Coriolis
and the Pseudo-Coriolis effest are qualiratively the same it is supposed that
2 common central fntegrator is mediscing both vestibular and visual informa-
rion.

The implication of these findings has been discussed in literature, Dichgans
et al. (1973) state that the functisnal significance seems to be to prowide
‘he animal with an accurate velocity signal. Waespe and Hann (1977) predict
from thelr experiments that congruent wvisval and westibular scimelation
would result in o function that aceurately transfers veloclity information
sver the whole frequency range up te abeout i He, They assume velocity to be
the important parameter for the anipal and that combination of the visual and
vestibular cues would reduce the shortcomings of each rransfer characteristic
alone, L.e. the poor vestibular response at low frequencies and the poor
visual performance at bigh frequencies. They assume that a copbination of
vestibular and viswal input already at the level of the vescibular noet el
would ensure that motor reactions like nystagmus and postural changes should
be the same, independent of the peripheral channel by which information abour
the welocity or acceleracion has beep obtained.

Ihwrever, (0 view of Lhe experimental results to be described in chapter 2,

Cliis assoupien sbout postarnl chappes camnot be maintained. When the sub—
Juets expericiee a OV corfain discropam-ies ia the dirvelion of the OV,
aystapmes and postaral suay were observod, cupreially in Choxe conditiond,
where the solijects were stamding o hod et siepping around . This will be
dispussed in elupter 2 o more detall but Lo in Fact the reason for Ll
experiments descriped in Litis chapter . The guestion is whother the some EosSed—



sory information about rotatory metion (in analogy to vision) also may be
interpreted as either object-moticn or self-motion. 4s real scepping arcund
modifies the vestibular response after stopping (sce chapter 2) the somate~
sepsory information of stepping around might be a source of information
abeut rotation. Btepping around inm small circles provides 'a complex partern
of affcrent somatosensofy consequences in skin, musele and joint receptors
which in combination may represent bthe actusl movement. Simultaneously,
however, under natural conditions there may be redundant visval as well as
vestibular information. For the study of the pure somatosensory contribution
a disseciatbion of the various loops 18 a pre—conditien. This can be achieved
by the experimental situation of spparently stepping around ou a rotating
pilacform in the dark, a stimulus situation in which somatosensory stimu~
lation is the same while the canals and vision are nor activated. [F ander
these conditions it were possible to induce €V, Coriolis~like effects and
perhaps nystapgmue, then a Sematosensory-vesbibular convergence simila? fo

the wisuoc-vestibular convergenece is highly Likely.
1.2 APPABATUS

Tne instrument used in the experiwments wis a potabing chair and drum combi-
nation (Iomnies, Freiburg im Breisgan). The deum bas a eylindrical shape,
diamater 1.5 m the inner welis of which ace painced with wercical black and
white stripes each subtending 77 or visual angle. The chair and the drum
can be rotated separately or simubbincously dt any desited speeds up to
1807/ sec in both direcrions. Chair and drum ean be coupled to each other
by means of a cluteh for stimulalicn with identical mevemeat patterns. The
velocity and acceleration of the chair as well as the velecity of the drum
and the relative chair-drum velecity (by means of a photoeell stripe detec-
tion system) were recorded continunusliy.

The First part of the experiments was perlormed with the following
arrangement ! the subiect 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
begn removed and replaced by a barcenstruction as depicted In Fig. l.l.:

the subject is then walking with bhis bands on the bar. Also comnected to

Fig. .1, Eapervisenlal vqnipment cunsizl ing of the wotaring bar and drum.
Who b oand Che s van e rataled separatelys The subject is
alepping beboimd the bay vw the Floor of the drow,

Ll et a0 swa LD piat forw could e nsed on which Che subject could scamnd
wpe gkt again witd g henude pesting on g b, WiLh this rokating har—drum
combination 16 is possible wo play of £ the scusory systous apninsk caeh
nther. However, stlmtlation uf both wision aud the somatorcceptors is always

% - E ; e R
congruent. Subjects could indicate each subjective complete 3607 body

9



rotation by pushing a button on the har. Tn some of the experiments hori-
sontal eye-movements were recorded by means of electronystagnography

(aC, time constant 5 sec).

411 described signals were simultanecusly recorded on a strip-chart recor-
der (Siemens EM 81.80), Under all experimental conditions a noise source
was placed inside the drum in order te mask the faint mutor noise. Because
of the reflections on the walls the sound field was diffuse thus aeoust fo

spatial orientarion was impossible.

{,3. EXPERIMENTS AND RESULTS

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

experiment in which the chair was still used.

1.3,1. Tiloc experiment : Real Stepping Around and Apparent Stepping Arvound

The subjects were standing beside the chalr on the floor of the drum, resting
with one haad on the baeck of the chair. They were imstructed to maintain
this position relative to the chair which meaat tial they had to walk, no
matter whether it was the chair which rotated or tha drum (chair and drum

of course always robtated such that the subjects had to walk forward). Two
srimulus conditions were used in this study (see Fig.1.2.} ¢

(13 chair rotavion ( which meant Real Btepping Around ,R84 : stimulation of
both the someloreceplors and Lhe vostibular system) and

(2) drum rotalion (which meant Agpareat Stepping Avound, ASA @ stimulation
of enly Lhe somalorcocplori.

These tests werde performed in complere darkeess, the sabjech hoving bis

eyes open. Perveption of GV was reported verba by by the sabjrec during

the rung. Subjects were familiar with the cgperimental seb g,

Au important finding is that most of the Lest sl jucts condd aoc distinguish
berween ASA and RSA :they beliewed Lhoy had to do with IEA, which means that
they did not realise whether the vestibular system was invelved or not.

The influence of acceleration, fimal velocity and deceleracion was tried

aub £oo.

RSA

Fig. 1-f. Tesr coulitions of the pilet experiment.

Laft ¢ Real Scepping Around, stisul=ciom of hoth the wvestibular
1 vow Gl Lho SomMatoreceprers.
bt: appnrent Stapping 4dvound, stimelatden of only the somstoe—
pariisipliarrd .

These pilol experiments showed that it is important to avoid scme unwanted
cuey fur Lhe Lest subjects : {1) only at velocitles of over $0-90"/sec it is
casy ko distinguish between ASA and R$4. This is because of the centrifugal
forces which bicome apparent in the cass of RSA resulting in difficulties
with stepping and requiring a £irm grip on the bar. Up te 50 or 50°/sec
these proeblems are not present.

(%) in case of ASA strong accelerarions of the drum at the stimelus onsot
push the [est backward which makes it easy for Lhe subjects to recognimc
this as drem rotation, $6 2§ ASA. This problem can be overcome by instrues
Ciegy the sabjeces to begin scepping before votation is started, but cven
fhen Lo0 eressive gecelerations should be avoided. This means alse that it
ig dilfienit to measure exact latencies of OV induction.

€3) in Lhose pilot experiments the subjects were also asked Lar pessible
after offects. In cagse of ASA there ware veports of wenll positive after cl-

feebs (posiltive = sensation in preceding dircction). Bn vade of RSA Lhe sub=

Jeons mostly reporced just a stop and not Lhe Crosbibulard wepal lve aller
effect, bt fs possible thac after the wctive abop the somol omosory signnal
Mo movenent" (hocauase Dhe sebjecfs are stading sEEEEY dnafabes possiblo
after effeels originaciog within che westibulay sysco. o Lhis way pure
after effects Vike the eptokinelie alter oflcels comaol be expected, The
ASA posicive albor vifeets were el steonger when the subiects stopped ASA

abruptly by huopping on the eibow-prest on the chairc, probably because in



R5#&

Fip. 1.3, Exomple of o aystagnus veenrding of a subjecc stepping RSA

(a reversal of e oyitepmus dircetion is seen) and stepping

ASA (8 poasitive after sysCapgmus is seend,
that situation there was no more SOMALOSENSOEY information about the
movement in relation te the floor. These after effeccts lasted ap te about
15 sec.
in these experiments the eye movements of several subjects hawve been
recorded. Scme subjects chowed a nystagmus. However, in most cases the
recordings were heavily disturbed by the stepping. Therefore, ne guantita-
tive evaluation can bz given. A very nice example of such a nystagmus at
the end of RSA and ASA is shown in Fig. 1.3. The ASA nystagmus pattern
(fast phase toward the direction of stepping and perceived CV) wich pesitive

after effeet is alwaye seen when nystagnus is present at all.

1.3,2. Gxperiment }.a: Congruent sensory information and Circular Vection

Adm of Lhis experiment was Lo compare the magnituae of the CV as induced
by skimnlation of the simsory systems, separately or in congruent combina-
rion. By using also the plotform as deseribed in 1.2, it was possible to

generace the [ollowing stimulus condicions :

12

1. Vest : subj. standing on plac. — plat. rotation - Light off
2. - wvis = : subj. standing on plat, - drum rotatior - light on
L - somatos : subj. stepp. behind bar ~ drum votation — light off
4. Vest vis = i subj. standing om plac. - plat, rotation = light om
5. Vest - somatos : subj. stepp. behind bar - bar  rotation - Light off
6. - vis somatos : subj. stepp. behind bar ~ drum rotation - light on

7. Yest vis somatos : subi. stepp. behind bar — bar rotation — light on
The stimulus consists of an angular acceleration of Sofaec ? For 12 sec,

up te an angular velocity of 60°/sec which was maintaloed for a two miaute
period Followed by a deceleratbion of 10°/s6c % The bar, the platformor the
drum Totated in sach a way that the subjects should experience a CV to the
Left {rotation Eo the left means counterciockwise).

In order to obtzin a veproducakle stepping behavicur, the step fraquency
was fived. The subjeets were instructed co adjust their stepping rhythm €0
the clicks of a metremome, seot to a repetition rate of | Hz, These clicks
were alsec presented when the subjects were standing still on the platfoxm.
The third and Eifth condicion were presented with a 2 Hz stepping frequency
as woll { condition 8 anmd 9). The conditions wexe of fered in random order.
The subjects started stepping by command, 10 sec before motion stimulat ion
took place. By pushing a button on the bar the subjects signaled eaeh Lime
they thought to have rotated through 3607, In analysing the data the clme
hotwoen suceessive morks was used te caleulate the mean subjective veloally,
Norizmontal eye mevements wege recorded hy electrenystagmography (A€, (REV
consbast BoRee ],

Ten subjecls, withoul provious experience in such experbmenls, parbic ipated,
They always Lad e eyes opod.

Tig. 1.4, shows the resubts. booall conditions G Ly die bolt has been
reported. tualy ape subjoct did nol cxperience o OV 0 comlition B (ABA,

2 Hed. Beciuse ol Lhe deleieney of dhe vestiboloy systen Lo detecd Fumpdblini

veloeity, CF in the Fiest condition wia oot maintabned daeing dhe oot ant
: - i . . o . il B

velooiry cotation. T duration af tle Pirst saperienced T rabas e

(whicl had te bo [2 secd is underest ipmted vxeepr Tor the ALA cond DU ws,

indicating possible Laceney offects (ef, the Pateac feen Db opLukioel i

srimuiation, 1.1.). In discussiag the experimont with the subjoesls after

il
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Fig. l.4, CV pagnitude eetimution of [0 subjects during congrusnt
Etimulation of Che seusory systems. Fox detailed information
abour the Lest conditions, ses text. The mean eecimates {x 10)
of the flrse 360 ropation {uncelecation peried] ave shawn as
well ng Lhe mean csbimates during the 2 min period foilowing
the asceeleracion peried. Of course from the vespibular stimalue
snly Fow datn were avaitable during the constant velocity period
{about 2 completed rolations).

wards, three of thom mentioned clear iarencies in these conditionms indeed.
The differences in magnitude of the CV are not very ebvious which means that
srimulation of ouly one sensory system is already sufficient to obtain a
correct (V. The vesults of comdiiion 3 and 8 indicate that the stepping
frequency is not decisive for the final magnitude of the CV, The nystagmus—
tracings do not permit a quantitative evaluation because of the disturbance
of the tracinge during the stepping. From one subject the original recor—
dings of condition 1, 3 and 3 respectively are depicted in Tig. 1.8 1
shows the prolonged nystagmus in case of somatosemsory involvement which

was found alse by Guedry et al. {1978},

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

cifects

The aim of this experiment was to LnvesCigate (1) whether Coriolis-like
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Pip.t.5 Originel nyytagmus rocordinps during supditicoe | (scimelition of
the wegbibolar syacem)y 5 {stimutabion of the veatibalar anpd the
gapatosensory systom) and 3 (abimnlutiog of the somgEosensory
pysbem) respactively of v Gubject (resied bwiced.

effects can be induced during ASA sad (2) whether the mapgnitude of Che
Coriulis olfoets is dependont on the different stimulos conditions 1-7 as
deseyibod in experinent fon. The sbimdus was again an acceleration of

5P see P ap tooa velociny of nt faer which wos maintained for one minute 3
then the subject aoved bis head and o Tew seconds later the deceleration
began, Three more cond itions {H, Y9, 10} were iucorporsted in which the
sequence of the heal movenests and che deceleration was reversed. In this
way no Coriolls aecelerstioas are invelved ; oanly tilt of the head fixed
rotation vector (Purkinje, 1820]. Under each experimental conditiom the sub-
joer stavted with bis lead cilted towards the left shoulder. By command {ai-
ter the one minute constant valoeity rotation} he returmed his head towards
the normal position within about | second. Afterwards he was asked to scale
his subjective sensation as compared with the purely vestibular Corielis
offect which served as a standard (with an arbitrary value of 5). o sensa-
tisn at ail had Lo be scaled 0, The method to return the head From tilred
position (Purkinje, 1820) has been chosen because this permitted te pot

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



experimenter. The subject was stepping only when necessary and the stepping dition 4,5 — condition 7).

rhythm was lefc free. |1 Subjects participated. First they uere trained to

perform the corzect head movements, afrer which they were exposed to the 1.3.4. Experiment j.c: Incongruent Sensory information and {(Pseade-)

standard : the exclusively vestibular stimulation. Subsequently the cther

i Coriclis effects
conditions were presented in random order with sufficient time hetween the i

conditions For the subjects in order to recover from the effects. i The experimental counditions were chosen in such a way thar che vestibular

srimulation was medified either by congruent or incongruent Infermation

[rom the other sensory channgls as can be seen from Table I.I1I.
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means that the stepping acceleration forward or backward was always

30f5ec2. The stepping was left free to the observers. Nine subjects partici-
pated. The same procedurc was used as ip experiment 1.b. which means that
condition B served as standard (53, However, this time this condition was
also included in the stimulus conditions. Again, the conditions were

presenceé in random order.

Table 1.1I. shows the stimulus conditions and the results. It turned out
that the stepping dirsesction determined the direction ¢f the GV. [he
differences in magnitude of foriclis 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 Corielis effece. By comparing tho
scaling in conditions B, A amd G the same phenomenct is secn as akroedy
mentioned with experiment 1.h.: the more sensory systoms provide congruent
informetion, the less the westibular Coriolis effect. Again it is seen Lhat
ASA (conditien D) induces Coviolis-like effects, conform the findings of

experiment 1.b.
t.4. DISCUSSICH

Fron the previously described experiments it may be concluded that the com-
plex sematosepsory information of the stepping around is pufficient to in-
duce a compelling illusien of self-mation. The finding that ASA is parcelved
as RSA, thot during ASA nystagmus and Coriolis-like effects can be induced,
rhat latencies and possitive after cffects occur, strongly suggests similari-
tles with the perceptus] and moter eFfects of optokinetic stinmlation.
Nyscagmus las been reported Lo dccur alse ak stipulation of othar parls of
che somatosensory system as well, swch an Lupsion of the corvieal vertebrnl

s orolation

column {cervical nystapuns § Bos and PRiipscoon, 1903} or
of the extended ama about o wertical axis in the shoulder joist {arthros
kineCic nystagmus 3 Braade e al., (9973, In hoth Tastaaces Uhepre isoan
dirmet stimulntion of Lhe vestibulay systen. Arthivokinerie aystagus i
apcompanied by an epo-moilon sensation, and both Lhe gystagaus aod che (8%

exhibit latencives and positive afles effeets. TPorsion of the cervical

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

)

possibie to induce a sensation of head movements as we].l1 .+ Bo, obvicasly
the role of the spmatosensery system ip dealing with rotatiom is very com-
plex as stimulation of different parts of the somatosensory system already
results in CV snd nystagmus. This indicates that within the somatasensoxy
system integration of afferent signals is performed, especially clear from
the complex excitarion of the different receprtors during stepping around
{cf. the fact that no differsnce in magnitude of the CV is obrained with
the | and 2 ¥z stepping frequencies, indicating integration of the step—
size and the bending of the feet}.

It is highly probable that especially the joint raceptors, which transfer
information about position of the joint as well as the direction and spead
of movement, are isvolved in the contribution to Ikinaesthesis (Skeglund,
1973). Hour types of joint receptors are kaown : (1) Ruffini receptors in
the capsule, (2) Golgi-tendon-organs in the ligaments, {3) Pacinian
corpuscies and (4) free nerve endings. The nervous patlways of the joint
afferents project to the certical somatic area | and 2, probably espacially
to ares U, very near to the vestibular prejection Tield v (Frederickson,
L9743, There is alse a somatosensory projechion Lo area 3, a cortical locus
in which nearens respond to wovements of seyoral Jifferent joints, even from
poth sides ol the body {Sakata, 1974) . Coovergence of vestibular and somato
sensory sipgnels ab corcieal level has heeo eslabd ishied several times { sge
Freder Tekron, 1974) mud s funetionnk because ol systems give information
ahoul pesitinn and movemonts of e body (Bitiees and Buettner, 1978). Singe
sl the level of the vestibulae onelei o visusl-vestibular convergence has
been esiablished (.o, Dichygans et ab., 97 ) Waespe and Henn, 1977) as well
ds a smaLosensoryovestibalir cowerpence (Fredericksen et al., 1966 ;
Doeeke of al., 1977 3 Rubin et al., 1978), and since it is possible to induce
wimi bar pereeptul and ocutenntor phonomeaa during ASA and optokinetie
atimmlation, o sumlosasery=-vustihular converpence at the level of the

Vie e Dl ol Gl slsdect, sl G sidiing enoa |:uL.-1LJ'”p, chiniv, is Fixed onto an

pstoer el perereawe e B, e rotated ower 1300 In 12 sec at & constaot
sl ag v lecity ol B",r‘\ Cotyuvagans biodvdused sludlav Boothe arthrokinatie

s Lt Wi e Latened W possitive aleer offecbs. The subject inicially
crpericmees b nwvencat of Ehe budy, Whieh reflocty the actual stimctation. After
sepe secoids, however, @ wevemout of ele head is pereeived yelabive to the seemingly
statipnary Erovle. After cFfeces are oot clear, probably hecaose the hiead remains
Fixed ar ele eod, which means Elat probobly 'no yutakion' s signaled afrer the
stop (of.the ASA after effeecst.
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wvestibular nuclei snd thalamus can be assumed for the stepping around as
well (Bles and Kapteym, 1977). It is interesting to note that the vestibular
maclel are under control not only of the vestibulo-cerebellum, but also of
the anterior and posterior wvermis which do not receive primary or secondary
vestibular afferent information. These areas integrate impulses from several
sources, especially spinal, acoustic and wisual inputs (see Pompelanc, (974},
This firs in well with the present finding of selif-motion sensaticn induced
by the somatosensory and visual systems. An auditory induced €V and
nystagmus have also been described in literature several times (Dedge, 1923 ;
Henunebert, 1360). These auditory induced phenomena are not very impressive,
probably because of the lack of spatial exteasiveness of only one sound
source, as discussed by Marme and Bles (1977). However, Lackner (1977) claims
an induction of CV and nystagmuus by means of § different sound sources which
might be enough for spatial extensivenass.

From the foregoing it might be concluded that the fumction of the vestibular

puclel is much broasdey than the name supgpests ! it seems reasonable to assume

that for self-motion perception induced by any movement sensitive system, =
medulation of the discharge rate of second order neurons within the
yestibular ouclel is a necessaxy condition. This f£its in with the vellknown
fact thar cthe vestibular nuclei, the cerebellum and reticular formation
together form the unit which is primarily concerned with the maintenance of
pastural equilibrium. So far, the neurophysiological findings fit in with
the psychophysical data. An Lmportant feature of the ASA induced €V is the
tarsion of a.o. the feet, This seems to be essencial for inducing CV
becsuse stepping om a "trottoir roulsnt" induces Linear Vectien and net €V,
The stimulation of the otolithic system is the same for both cases {vertical
head mevements) and the semieircular eanals are not stimelated. Cn the glhber
hand i1t is mot the tersion of the Eset slone, the stepsize is importunk tou,
This can be derived from the fact that the stepsize and the joint torsion
are inteprated during the [ and 2 lz stepping rate in such o way that the
magnitude of the perceived velocity remains wonalteced (ef. cxperiment .b.,
conditions 3-8 3 4-9). Such an intepratiow teleologieally is of funclional
value for more complex soevement pablberns,

Atse Funtional is the result of experimeant L.bh, that there is no differeace
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in magnitude of the CV as induced by the sensory systems individually or

in congruent corbinatiom. In primeiple this offers the possibility e
maintain an adequate spatial orientation, even in those situations ip which
not every sensory system is provided with iaformation or in these cases in
which systems are impaired somehow and therefore incapable to transfer
informaticn.

Congruent stimulation of rhe sense organs offers the possibilicy to get
information about the space comstancy mechanisms under normal daily-life
circumstances. Tt is incongruent stimulation of the sense organs which
provides the possibility to become informed zbout the interactions and the
particular sensory weight of the different systems in the imtegratios
process and perhaps to get more insight into the (perceptual andfor poscural)
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 sematosensory=vestibular interactions in the Coriolis-like effects as
found in experiment 1.c., coudition A,B and € (Table 1.IL.} show exactly
the $ame behavicur =s was found for the visual-vestibular interactions in
the Coriolis~like effects (Brandt et al., 1971). It is imteresting to aete
the eonsiderable differences in magnitude between condition 4 and € despite
the fact that the magnitude of the ASA induced Pseudo-Ceriolis effect
{condition I or F} is relabively small. When wvision cooperates with the
somatoreceptors the incengruity with the vestibular stimulus Ccondition T)
results in a very vehewent reaction. Some subjects had even serious
difficulcios to remain upright. llowevey, tie Coriolis effect is remackably
reduced when the three systems arve in physiological agroement {condition G),
which is the normal doily=iife sitwation. These findings are in agredment

with ehe Findings of expeciment 1.0,

{n discussing Coriclis and Pseudo-Coriolis of fects the Purkinje eEfech must
be mentloned also, Purkisje (I820) induced similar sonsabions 1s assvclated
with the €oriolis offecl by bending bis head, direetly after o constint

velocity rotation. in Lhis case there iw of course a different lntersensory

conflict as now the Coriolis forces are absent. [n ELact, it is only the
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velocity vector fixed to the skull vhich chanpes its position according ments performed by subjects stepping in darkness om a rotating platform

to the head movement j a tilt of such a vecteor induces tumbling sensations without stimulation of the semicircular canal system. This means thal the
and this is in conflict with the information of the gravieeptors (Cuedry, last effect should not be called Psoudo~Purkinje effact as done by Bles
1974}. Guedry associates the Pseudo-CToriolis effect with this Purkinje =and de Wit (1978).

affect, becauze in the Pseudo-Cerielis effect the Coriolis forces are
absent toc, of. experiment 1.b., condition & and 10). However, care should
be taken to call condition 8 or 10 a Purkinje eifect sipce Purkinje performed
his experiment afier 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 (Dichganz and Brandr, 1973 ; Bles
and Kapteyn, 1977 ; see also chapter 2), so the real Purkinje effect is
highly complicated. In experiment ¥.b. this could not be demonsivated as can
be sean by comparing condition 8 and 10, although it was possible in some
cases te induce Purkinje~like effects after the Apparent Stepping Avound
(condition 9). However, Purkinje made & sudden stop which for mechanical
reagons is impossible ro realise with the drum : the maximal possible
deceleration is 20%/sec? , so the subject gradualily slows down, reducing
the after effects {cf, the lack of clear after effects in the pilot
experiment), Tn terms of definirion ir is not anly the Purkinje effect that
mey czuse confusion : ome might also questicn if condition B in experiment
l.c. it 4 purely vestibular Coriolis offect. One can argue that in that case
the subject is standing still which means that the somatosensory signal of
"o movement" may influence the vestibular information about acceleration.
This explanation iz supported by the finding that the CV as induced by
caleric stimulation is dependenc ow the body pesition of the subject
~standing or sitting- (Kapteyn and Bles, 1977 ; see also chapter 2).

In order oot to add ro the confusiom, it is reasonable to spesk of

{1) Goriolis effects when we are dealing with head movements performed by
subjects sitting in complete dackness on a rotating chair which xotates at

a censtant velocity,

(2) optokinetically induced Pseudo-Coriolis effects when we are dealing with
head movements performed by stabionary sicting subjects viewing & rotating
supround (cf, Dichpgans and Brandt, (373 and

(3) ASA induced Pseudo—Coriolis effects when we are dealing with head move-
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CHAPTER 2

CIRCULAR VECTTON AND HUMAN TOSTURE

Sy

Rotatory vestibular and vicual atimulerion noy prsult tn postural changen
such as body forsion and latevopulsion, TG Ls found that the direction of
the laberopuleton of the Dody ts epposiic to ihe Jreotion of the ayebagmes,
whereas the body topsion 4¢ in the sare direeiion az the ¢V. The vesults
are compured wilh published data.

2. 1. INTRODUCTLON

1t is 2 common ewperience in vestihular elinical routine examinations that
the vestibulo-spinal tests ("Unterberger Tretversuch', Untecberger, 1938 3
"ryknda Stepping Test", Fukuda, 1932) are less sensitive and subject to
more voluntary control by the patient than are vestibulc—ocular methods.
Estra-labyrinthine influznee on the vestibulowspinal veflexes is thought to
capse conaiderable intra- and interindividual differences which restricts
the clinical value of these ataxia tests as a diagnostic teol.

still, postural reactions to vestibular stinuiation have been studied in the
laboretory. Several methods of stimulation have heen used such as calorie
irrigation {Fischer and Wodak, 1924 | Aubry et al., 1968 ; Kaptayn, 1973)
or stopplag abruptly a constant velacicy rotation (a.o. Purkinje, 182¢
Fischer and Wodak, 1924). Visual stigplaticn by retacing survsunds also
results La postural reactions (Kapteyn, 1971 1 Koitehewn ob al., 1976 3
Miyoshi ek al., 1978). The resuliing postural hehaviour on comparable vest-=
ihular or visual scimulacion is, surprigingly enougi, net always ddentivat,
The sematesensory, vestibular and visual converpence in dnducing GV hos

boen demonscrated in chapter 15 the Dnfluence of GV on postural bebaviour

during visuat and vestibular stimslation will be discussed in this chapter.
in literature the sudjective semsations are mostly disregarded, but just
these sensations might be of interest the more so as it was Found by chance
that an abrupt stop afcer actively stepping around vesulted in a similar
nystagmus pattern as stopping a passive rotation, but that the CV was

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

2.2, APPARATUS AND METHODS

2.t.1. Calovic irrigation

Caloric irrigation is used as & routine examinatien in otoneurclogy to test
the function of the horizental (lateral) canals separately. Syringing water
(30o or 44° ¢) into the external meatus results in an endoiymph flow in the
lateral semicireular canal if this is positiomed in a vertical plane by head
tilt. Water of 30° C eslicits a nystagmus beating to the comtralateral side
of the irripation and water of 447 ¢ a nystagmus beating to the ipsitateral
side, indicarive of an smpullcfugal and ampullopetal flow respectively. Ino
the present rests caloric irrigation was performed with icewater (50cc in 20
sec). leewater was chosen in order to guzrantee & clear reaction in spite of
the not idcal position of the lateral camal (inclimation of about 30° with
respect to the herizoutal plane). Ine head had to be in the nermal position
during standing because otherwise the stability ia already affected (see
alse 5.3.1).

2.2.7, Visual Stimulation

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

. [u} . i
visual angle 270 ,radius of curvature 75 cm) . The helght of the screen waé
such that the sereen covered the visual field completely. Stimulus velocities

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

2.2.3, Body-rotation

25



It is known that, due to semi-circular canal mechanies, an abrupt stop
following a constant anguiar velocicy rotation results in a fast cupula
asflection, followed by an exponentizl return to the resting position

{van Egmond et al., 1949). This kind of vestibular stimulatiom was induced
by two different methods : the stive" metiiod, which means that the subject
is stepping arcund on a spot for some time after which he stops by commard,
and the "passive" method, which meams that the standing subject is rotated
on & hand driven platform. In ordex to obrain an identical vestibular
scimulus (v QODfsec: for ~v 30 sec) im the active as well in the passive

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

as possibla,

?.2.4, Recordings

fo all situations the horizontal aye movements were recorded by means of an
electronystagmograph {AC, time constant 3 see). Apart from the wvisual
stimulation all measurements were performed with eyes open in total darkness.
The mean nystapmus slow phesze velocity (5PV} was computed for each 10 or 20
sec recording period.

The body torsion was measured by a rorsion meter; & device which repistered
the angle bectween the shoulders and the feet. It consists of a horizontal
bar, the rotation anglée of which is registerad by a potentiometer. Two
(parallel) elastic covds connect the ends of the bar to the shoulder of the
gubject. This pernits free swaying of the body. With such a construction
torsion of the body can be measured independently of & possible foreaft oz
lateral body sway., The mean torsiom during each 10 ot 20 sec recordiag
period was computed.

The postural sway was reccrded by means of a stabilometer witieh recorded

the Fereaft and lateral movements of the centre of proessure s gxorted by

the feet. The stabilogrom comsists ol bwo plates (4 50 em), the centres of
which are connested to ecach other by weaus of g bar, When o subjeed is
seand Ing on the Lop plate, Lhe pressure vrerbad on that plate i reflected

in the bending of the hov. By means of siralegavges the bumding, of the bar

can he recorded as has been deseribed elsewhere {Rapteyn wnd de Wir, 1972).

6

The version used in these experiments hes been modified in such a way thac
the total height of the top plate from the floor is only 10 cm. The nmaximal
bending of the bar is less then 5' (not perceptible by the subjeats standing
on tha stzbilometer} and a resomance frequency of over 70 Hz {van Waveren,
1978), The recording obtained of the body sway in twe dimensioms ag a fune~
tion of time is called stabilogpram. As has been discussed extensively elee—
where (Hapteyn, 1973) such & stabilopgram doeg mot reprasent exactly the
movements of the centre of gravity. However, apart from the very fast
dynamic correetions, rhe stabilopram 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
stabiloprams were computed each !0 or 20 sec recording period, Tor technical
reasons neither the stabilogram aov the torsion meter could be used with the
rotatory stimuli so the direction of the lateropulsion (= induced body tilt)
or body torsion had te be derived from vides vecordings in those tests.

ALl experiments described in this chapter, imcluding the verbal communication

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

2.9, UXPRRIMENTS AND RESULTS

2.3.1. Caloric Irrigation

Eight subjects were submitted to irrigation wirth icewarer of both sars
subscquently while standing upright. Analyses were performed of each 10

sec recording periods.

The reselts are shown in Fig.2.1. The nystagmus beats into the expected
concralateral (velntive to side of irrigaction) direction with a maximum
reached about 60 sec after onset of irrigation. Body torsion is found to

be into the ipsilateral divection. Rather unexpected the CV was reported

to be in the ipsilateral direction {so opposite to the nystagmus) for ten
cases ; five times z corresponding egocentric motion sensation was reported.
¢nly once a CV inco the contralateral direction was reported and in that

case & body torsienm was found ko be alse in the contralateral direction.
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From the stebilogram analyses it is seen that the irrigation results in a
decrease of stability of both foreafr and lateral bedy sway with the maxipum
instability about 50-60 sec after omsaet of the Irrigation. Furthermore the
analyses show a shift of the centre of gravity to the ipsilateral side.

4 slight shift Forward is seen after irrvigation om the left side whilas a
shift backward is seen after irrigatien on the right side.

An @nalysis of the sound- and video— tapes taught that the extent of the
body torsion was related to the inteasity of the GV, The body torsion was
mostly maintained up to the mement that the subject became avare of his
tarsion after which & correchkion was made ! at the same tiwe the CV had lost
its compelling character and ended rather sbruptly. From the video-tapes it
was clear that the shift of the centre of gravity found from the stabilo-
metric data was not only due to & torsion of the body but algo due to

laceropulsion,

Thase subjects were also submitted to calovization when sikting stralght
(same head position as in the "standing" condition). Because of the small
postural reactions no analysis coule be performed. The vurbal reports of the
subjects were uniform : all sebjocts experienced OV, llowever, the reported
€V by calorie irrigation in the sitting position was in aecordance with the
nystagmes, i.e. to the non—irrigated side, so opposite Lo the directiocn as

shtained in the standing position.

2.3.2. Visual stimulation

The eight subjects who participated in the foregoing cxpol imenl Were also
submitted to visval stimulation while standing upright. The wovement of tiwe
stripes was siternstely to the left and to the vight. The speed was Tnerensed
and decreased, maintaining each speed for 30 sec (40%fsee 0 L, A0 ¢ R,

70+ L, 70+ R, 100+ L, iD0+ R, 70+ &, 76+ R, 40+ &, 40+ R).
The nystagmug 5PV, mean body torsion, and che BMS and mean posilbion of the
fForeaft and lateral stabilograms were compuled from Lhe iast 20 sec of each
stimulation period caly in order to aveid the disturbances at the transitien

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
aceordance with the nyscagous, so opposite to the surround motiom. Two
subjects showed neither CV nor body tersiom. The RMS for both the foreaft
and lateral stabilograms showed an increase, but the values are considerably
below the levels obrained with the caloric irrigation. The mean foreaft
position shows a forward shift of the centre of gravity, The mean lateral
position shows a ghift into the direction of patiern moticn. The video-tapes

raught that this was mostly due to latercpulsion.

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

torsion and the lateropulsion were of course less intens,

2.3.3. Artive and Passive Rotation

Cight test conditionms were chosen as tabulated in Table 2.1. in which alse
vision was incorperated. Thege test condicions were presented in random order.
Eight healthy subjacts participsted in this test. Four subjects slways

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

The results of the body torsion and the reported CV of the period after the
stop are shown in Table 2.IL. It is seen thar the body tovsion goes into the
preceding direction after active rotation whereas it goes into the opposite
direcrion after passive rotation. The same holds for the direction of the OV,
The aystagmus recordings were not analysed bub fox the direction : the
nystagmis always beat into the expected direction, i.c. opposite to the
precoding movement. Lateropulsion following passive rotation was, if present
at all, too weak to allow & correct deseription. After active rotatiom the
laternpulsion was found to be in the same direction as the torsiom, i.e, in

the opposite dizection as the nystagmus.

2,34 . Summaxyy of Experimental Resuits

If the experimental resuits are tabulated in such a way thal the nystagmus
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galorin Irr. Caloric Ire. Optokin. Optokin.  Following Faollewing
active FPassive
Botatlen Rowation
jranding Slrring Standing sicring Standiog Seanding

Hystepmus L L L L L L

oV R L L 1. 4

Lateropulsion R = 4 R R =

Bady Torsien 1] & L R L

Table 2.IEL. Ssrvey of experimental resules tabulated in gugh a way Lhar
the nmytbagmus beats ro the lefr.

bests to the left, the results can be summarized by table 2.ITT.
By inspection of Table 2,IIL, it is seen that om the one hand pystagms and
lateropulsion and on the other hand CV and body torsion seem to be related

to each cthex.
2.4, DISCUSSION

Caloric irrigation czuses postural changes which are described by Fischer and
Wodak (1924) in detail : they distinguish two body movements known as body
torsinn ("Kiirperdrehreflex“}‘ and latercpulsion ("KSrperneigungsreflex'). With
trained subjects they found that irrigation with cold water resulted in body
torsion and lateropulsion to the aside of the irrigated ear and possibly a
fell to this side and backward. The experiments described above support such
a distinetion between torsiom end pulsion but the postural reactions were
not as clear and longlasting as claimed by these authors {up to 30 min.!).
The lateropulsion and the body torsion found in tho prescol experimests are
in sccordance with the description given by Fiselwer and Wodalk. From Fig. 2.4,
it is seen that the Foreaft movement of the centre of pravity is depundent
on the side which was Lrripatod.

It is quite possible that these forealt movemcnis are causcd by body torsion:
body torsiop may cawse a shifc of the centre of gravity in both forealt and
Jateral direction but Ule dirccriow of the resulting shife Ls individually
determined . This explains perhaps the cli foreal eone lus bong drrawn £ oom
stapilometrie recordings by Aubry el al., €1908) and Rapteyn (19775) vl did
aot take inte aceount that body torsiom per se already may resuli ina shifc

of che centre nof gravity, the direction of which is individually determined.
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Comparison of the induced body sway by visual stimulatiom with stabilometric
data in literature (Kapteyn, 1973 ; Koiteheva et al., 1376 ; Miyeshi er al.,
1978) is difficuit because of the same contamination of the body torsien and
lateroputsion in the stabilogram end because of the lack of informetion aboub
the pocsibly present CV. Tn the present experimeats the existence of CV
determined more or less the presence of body torsion, The £V and torsien
were found Lo be in the same direcrion toe, Frow the stabilogram snalyses an
inerease in RMS values can be scen both for the foreaft and lateral bedy
sway indicating a visual destabilization of free staunce. 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 ian
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

agresment with the experiments described ig chapter 3 and 4.

The ¢ifferences in dircction of OV after active or passive rotation were
also found by Correia et al, (1977} and Guedry et ai. (1978}.

The findings concerning the body torsion follawing active stepping around
are in agreement with the findings of Purkinje (1820) ; Purkinje, however;
did not mention a CV but reported about the sensation of a force wiich tried
to rotate the body im the preceding divecrion {sensation of body torzion?).
The direction of the body torsicn after passive ratatiom in free sitting
subjects should be in the preceding directien according to Fischer and
Wodak, so different for free standing subjects.

Laterapulsion during angular accelaration In sitting subjects is described
by Torek and Kahn (1%60}. From the experiments by Wapner et al. (1931)
concerning the vigual perception of the vertical during body torsion around
the vertical axis, a lateropulsion may be dedyced as well, because they
showed 2 tilt of the subjecrive vertical during acceleration, By eleclric
seimulation of the ampullary nerve of a lateral canal in alert cats and
monkeys Suzuki and Colien (1964) also abtained budy and Limb respopses which
can be described as body torsion and Lateropalsion. The pogtural clunges
deduced [rom the eited liverature as well as from the deseribed vaperimenty

are summarized in Table 2.TV. Apuin, Lhe reselts are acrangesl i guel g way
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Calorie lrr. falorie Trr. Optokin. Optokin. Following Following Hotaticn Elactric
Active Passive Acceler. Stimal,
Rotation Rotation

Sranding fitting Standing Sitting Standing Standing Sircing  Standing
Nystagmis L L L L |2 L L
oy R B L L B L i et
Latepopulsion L * R B T = R 23
Body Torsion R - L L L 4= B

Tahle 2.1¥. Survey of experipental vusalts. For explanatioen see text.

that the nystagmus is always to the left. In this table two interesting
aspects nre secn conceraing the latercpulsiun and the body torsion : the
lateropulsion is always coupled with the nystagmus (i.a, they go into
opposite directions, whereas the bodytorsion is always ccupled with the

o4 (i.e. they go into the same direction). From & physiclogical point of
view it was to be expected that the nystagmus and the CV should be in the
same dircction. Howewer, from Table 2.IV. it is clear chat there are thres
cases with unexpected direction of bedy toreion and ¥ (i.e. "following
active tababion, standing” , "ealorie irrigation, standing” and Valaeetric
srimmlalion, standing' abthough in the last case the OV of the monkeys is
qob kuows of cowrse}. From the indings in chapter | it night be deduced
that the back of the veversal ol the GV In the case "*following active
ropation, standing™ i due tooo posnibive after effect of the somatos
sencory system inyolved in the slepping arvund. What kind of somaCosensory
imterference Lokes place in Lhe stheo Lwo situntions is not yet clesy 3 2
simitar somtosensory interlovence would ol induce O, am the subjects
ave standing vnly, and certainty na reversal of the d precticn of Lhe LV
Obvionsly, [further vesearch ls requived before det inite concluiions cate e

reached, the more so sinen in o pecont sbudy Ritger (pueraonat conmen ol Lon)
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Found & dissociabion between body torsion and CV after passive rotation when
sorking with a motor driven platform {abrupt stop after eonstant angular

i ; o - cioiatl
selocity rotation of 30°/sec). she comfirmed, however, the CV Ffindings of

the present experiments.

Tn conclumion it can be stated that am important paramersr in studying human
posture by stimuli which might induce CV , is whether a CV is experienced
indeed and, 1E so, in what direction. Thiy might be helpful in explaining
the somebimes completely opposite postural behaviour of some subjects since
the directivn of the CV {c.q. the torsien) is not always the same for each

subject especially in the more complex (standing) situations.
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CHAPTRER 3
ROLL VECTION AND HUMA® POSTURE
Surmnary

Rotation of tha vigible surround aboul the line of sight resulie tn roll
veebion ad a shift of the eemtre of gravity in the divection of pattarn
nGHion.

As o prelude bo the tiliing room expertmente in which the rotation axis T8
2k grkic-height, oma ewperiment is deseribed in thie chapter in which The
votation aeis i at eve—level. Tt 48 shown that the postural behaviour is
differant whan the position of the potation axis is [iwed in space or

ig fiued velative to the head. These findings ave discussed and compared
to data knoun from literature,

3.1, INTRODUCTLON

Botation of the visible surround about a sagitial axis coinciding with the
Tine of sight of a subject in upright position (te be called "gpeic Roll,
may result in a sensation of rotation in Uhe upposite direction, to be
calied Roll Vection. This is cowmparable with Cireslar Vegtion with, however,
one important differsnce. In case of €V [he anis of rotatlon coincides with
the direction of gravity whereas in case of RV those directicns are per-
pendiculgr to each other. It is therefore not surprising that che sub-
jective experience in Rell Vaction is rathor complex, in faect paradoxical 3
one cxperiences a roration but the upside down position is pever reackeed .
Quch a sensation is often sxperienced as unplessant (ef. the Coriclis effect
17 8 T W

Optic Rall has been used in order to study che Llufiuence on the subjective
and postural vertical. For better understanding of the effects of the optic
Roll some of the publications on this subject will he reviewed briefly.

{a) Dighgans et al. (1975) and Eeld et al. (1975) in their experiments used
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a rotating disk which was covered with circular dors of different sizes.
This disk was momocularly 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 ¢f the disk's surface,
could be ratated by the subject in order to adjust the partition of the
white and black halves to his subjective vertical. Dichgans et al. (1973)
found a systematic tilt of the subjective vertical in the stimulus direction.
At a stimulus veloelty of about 30%/sec the effect is saturated for healthy
subjects with a tilt of about 15° {orie subject even showed g tilt of owver
40%). The effect reaches its maximunm within 20 seconds. These findings were
confirmed by Hald at ai. (1975).

(b} In a second experiment Dichgans et al. (1972) used a link-trainer. Yia
the trainer windows an Optic Rell was presented by means of a projector on
top of the Link~trainer, The subjects waera asked to keep the link-trainer
in a horizontal position by means of a hand-comtroliled stick, despite
mechanically induced positicnal disturbances. 1t appeared that the subjects
mismatches the pogitien for 8.5" on the avarage, again in the direction of
che Optic Roll.

(c) Dichgans et ai. (1976) invescigated the influence of the Optic Roil on
posture too. In order to induce an Optic Roll they used a hemispherical
dome with a radius of &0 cm, apain covered with coloured patches. The
average displacement of the centyw of pravity in the stimulus direction was
found to be about 6 mm with heatthy subjocts. Dichgans stated in another
paper (Dichgans et al., 1975) that after a sufficient time of stimulation
most observers were unahle to avoid Fabling dowan io the direction of screen

rotation.

The explanation of postural behavicur inm {e) is piven in terms of a couflict
between vision (signaling Roll Motion) ond the praviceptors (signaling o
chenge in body position) but this would be true only il Lie roll axis had
been at ankle-height. This can only be obtained wilh a dome wilth a4 dimmeier:
of at least § a, which is of course quite a construction @ Chen the visual
jnformation in case of Roll Motiom of the domwe or Roll Morion (fail] of the

subject would be exactly the same. The difficulcy with the small dome s that
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2 lateral shift of the head of the subject in fremt of the dome vesults in
a retinal shift of the vhole dome, because the doma is fiwned te the wall.
Such a vetinal shift might be perceived, indicating 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 complecely

disregarded in literature. The aim of this chaprer is e show rhe validicy

it
Stal .
L AR
] . i
ime - -+ taz =
W 506, 0soe,
Tig, 1.7. Frawple of stahilopgrans of o subject wader Lhe conditions dome
fined—ne fosmrubber (led) aml dome (o bands-uoe foamrubber (i),

of Lhe avgument. Without sweh a barpe dome (Qotabing axis at ankle-height,

Smoin diameter) ie is not pessible to thorouphly investligate the influence
of Holl Vertion on posture as b oshonld boe dotne, Dul Il 1s worth to be done
i wiew of the Liltiny room cxperimenls Lo he deseribed in the next chapter.
Aty

3,2.0. The (.}Ml_{.l:i."" finl Ll

Foil vection was induced by means of a hand driven henlsphervical dome,
digmeter 50 cm, the surface of which was covered with cotoured dots. This

very light device was sonnected be an gluminium bar construction (one—point
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ctand) as depicted in Fip. 3.1, The construction was either fixed or
standing with a point on the floor in which case the subjects kept holding
{t. Tn the latter casa the dome remained in the same position relative to
the head. Because the dome is hand driven it was decided te uwse the
following procedure, The obsarver closed his eyes after which the dome was
sot into motion with a tep bigh velocity. The time requirad for each
revolution was recorded continuously and when the velocity had decreased
o about 300°fsec (+ "{-ODJ{SE(‘.) the subject was asked to open his eyes. The

stimibus was melotained for 30 seconds.

3.2,2, Posturography

The body sway was recorded by means of the stabilometer as described inm
2.2.4. Part of rhe experiments was performed with a piece of foamrubber
{heighc 10 zm, s.g. 40 kg/m®) placed om cop of the stabllometer and upon
which a rigid plate was attached. In this way the position of the feet to
one amother does not alter which makes the extevoceptive information of

the ankle joints even less effective. The position of the head with respect
to the dome was continuously monitcraed with a videocamera. All proceedings

ware recorded on sound- en videotapes,

3,3, INPFRIMENT AND RESULT

In this experiment 23 bhealthy subjects wilhoue previous experience with

such experimencs porticipated. They were submitifed o lour restgonditions :
Ao Dome in fuses - o foamrabbex
B. Dome in hands " withi foumeabber
£ Dome fixed = [ Foqmeulihor
D. Tome fixed i with Tooamrubrboer

i0 of the subjects were subwmibied to o clockwise (O}, 15 ol the suhjocts to

a counterclockwise (COW} Oprie Rodi. The faur cood PLions wore raneomisod .

The results are showm in Table 3.I.
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Subjecrs Conditiong Srimalus

dirgction
Dome in hands Dome in hands Dome fixad Thome fixed
ne fostrubber vith fozmubber no feamrobber with foamvubber
i = +ri, 19 = + ri, 4 o
2 wopd, 3 “+ i, 25 - * Fiy B o
3 L w1y 5 -~ ri, 28 aopin 2 fol
L] + yi, 24 il b 2 st N o
5 +ri, 4 +ri, 4 FiELy 5 ¥ o
& » ri, i@ “epl, Ll = @ xd, 0 [}
7 - = = i P i Cli
a +ord, 12 w v, 15 * = + i, & oy
9 - i, 7 ~gi, 4 + ri, i0 + pi, 10 o]
i = - - = ok
It + ley 1é - le, 10 - o te, 10 GO
12 »le, 3 - la, 4 - + le, 3 oo
11 a2 - le, 13 - - la, & ool
1% = + le, 20 + le, &4 + la, 20 oo
1%  le, 10 = ley 11 - la, 7 - le, 7 Lol
16 + he, 23 = rle, 28 b ccH
17 = hey 16 + lagy 13 + la, 249 + 1o, 13 +ie]
18 LS wla, 24 - £ Co%
14 L + le, & = + le, 15 co
R > le, 28 +le, 15§ -+ 1le, 6 = le, 6 oo
21 = ¥iley 10 % + le, LB cey
s + le, |0 +le, 17 - @ de, 7 [Ha ]
7 + le, 2h - ley 22 - - oo

Talile %, 1. Fall direction and time before falllng {in secd,

The effect of foamrubber on the stability during wolling is such that it
does not matter whether the position of the head xelative to the doge
changes or not. In conditiom B 20 out of the 23 subjects fell over, and in
condition D 19. This in streng contrast to the responses withour foamrubber:
in condition A 15 subjects fell over and in condition C 8,

Yo clear differences in time before falling over can be established by
comparing conditien A with € and condition B with D,

The stabilograms indicating the stzoag effect of a head-fived stimulus as

obtaimed in condition A and £ can be described as follows. 1f Che pesition
of the dome iz nobt chanped with sespect to the subject's head Coondition A),
the stabilogrm s colatively quict @ the subjeet stowly Falls ever. TF Ehe

dome:  posiUion bs vol relaced to che head (eondie fon ©), the stabilogrons
are differeat. U che subject Talls over, chis ts rather abruptly and 1f he

doesn't dall, the centre of pravity shifvs oo che sCimlos dicection, but
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the instahility is considerable. Representative examples of the stabila-

grams in condition A and C (of the same subject) are shown in Flg. 3.1,
3.4. DISCUSSION

Tn their studies about the influence of tilred refevence frames on the
perception of verticality Witkin and Asch (1948} report about a sensation
Jhich ¢an be described as Roll Veerion, although they don't use this term.
1 their experiment a suhject, lying horizontally om his side, views a
frame rotating slowly over 3607 in a vertical plane. This Frame {a square
frame, each side of which was 1 ineh wide and 40 inch long) is tae only
yisible object in an otherwise completely dark room. This subject reported
¢har the frame (as the consequence of experienced self-rotatien) was al-
ways in a fixed position altiough he saw it rocating. This was not a
continuous process, When the frame had rotated almogt to the point were he
felt his head hanging down vertically, he experienced a change aof the base
line of the frame to an altitude, and simcltaneously the snapping back of
his body to the horizontal positicn.

Tor more detailed informabion sbort the influence of the Optic Roll on the
perception of verticalivy reference is made to Dichgsns er al. (i872, 1978).
They a5 well as Mauritz et al. (1977} give the following explanation for
the effects of Optic Roll stimuli, A postural sway (e.g. to the right)
cesults in 4 relative movement of the visible surround te the ieft. 1T
such a relative movement is simulated under laborstery counditicns, it
results in a tilt of the subjective vertiecal to the left and a correcting
body movement, also to the left. But as rhe inicial body movement is
missing, this vauses falliug, whorcas under real life conditioms this
wonld have been a corveck righting response.

This explanation, however, svems Lo be appropriate to an Opric Roll with
che rotation axis at anfkle-height. The main ubjection agninst the
postorographic experiments with fixed Optic Nall atimuli with the votating
axis at eye-level, as alraady menLioved in the introduction 3.0, i
substantiated by the vesclis of the exporiment deseribed in 10, hut e

fact glso by the link-trainer experiment os described b sul (e,
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The shift of the link-trainer position of 8.5% is much larger than that
pbtained with the posturcgraphic experiments : & lateral tilt of the body
is maximai v 2° oeherwise the subject falls over, In the link-trainer
experiment the Optic Roll remained the same in spite of the tilt because
the projector was positioned on top of the link-trainer.

Se in posturographic experiments with & [ixed dome vision has not only a
destabilizing influence but stabilizes posture as well,

From the above mentioned considerations it can be dervived that a fixed
Optic Toll stimulus at eye-level with free standing subjects is & complex
stimulus at the moment the subject moves his head. Therefore there is no
stationariby so i€ ig not permitted to Fourier—analyze the stabilograms
vnder such cireumstances and to draw conclusions by inspecting the power
spectrum about the influence of visien especially in the lower frequency
range {Dichgans et al., 1976), These low Zraquency components probably
more reflect che rime between the postural deviations as Dichgans et al.
(1975) state that ".... intermitrent loss of roll sensation occurs
freguently and is gecomplished by a simultaneows break—-down of the induced
postural deviation.... 28

Roll Vecltion and the shift of the subjective vertical are accounted for by
assuming that neurally encoded signals of visual motion modulate signals
from pravicepkors at some level of the nervous system (Dichgans et al.,
19723 analopous to the Circular Vection as deseribed in chapter 1. In case
of Roll Motion the involvement of the otelith system is a complicating

factor ; thie dise

ion about how the canal system or the otolith system

wipht be lwvoldved will be postponcd weril the discussion in 4.4,
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CHAPTER 4
TILTING SURROUNDINGS AND HUMAN POSTURE
Surmmary

Stationary tilting vieual surrowndings tnflusnce the perception of verti-
callity, shifting the subfective veriieal into the diveotion of the swrround
t4lb, Tt ts showm that jor standing subjecte this deviaiion is indeperdent
of the position or vrigidity of the foot support. The upright postiion ia
aleo influenced by the telting surroundings, resulting tn a slight shifE
again in the direction of tilt. Sinusoidally tilt of the visuzi surroundings
induces o atmuaotdal body sway. This sway trnereases whan the somalosensory
information <& vedvced by the use of foumrubber on the feor support, tharaby
enhanaing the sensory weight of vision,

4,1, INTRODUCTION

The information of the ctolith system {the utricle-otoliths, which register
the orientation of the head relative to the divection of gravity) together
with the somatosensory information about the relative positiens and the
movements of parts of the body is sufficient Lo provide & correct gravite-
tional orientation. Directional structures in the viswal field (mostly
horizental or vertical) give additional information via the visual channel.
Under everwvday conditions the lnformation of these sources is coherent. The
induced pereeptual space transfermations by varying the body tilt and the
Eilt of the viapa! surroundinps, scparately or in combination, have been
frvestigated extensively mostly with subjects in o sitting or iying position
(literature reviowod by Howard and Templeten, 1965, and by Bischal, 197470,
The (nflusnce of tilling survoundings on staad ing upright bas been wenl Loned
in Literature only occasieonally. Accord inpg o Bdwirds {(1946) posturat stabi-
Lity is alfocoed when koollug at a picturae hung 157 ashew. Kitalgen amt Y

C1967) report that postural stability is sbiphtly affected whoen slonding on

ad

a sinuscidally tilting platform with statiomary visual surroundings but

rhar stability decreases when the visual surround tilts together with the
platform . They state thar the latter conditicn causes severe metion
sickness ; they observed that aven a stationary tilced room could induce
symptons similar o motion sickness. This last finding was confirmed by

de Wit €1972) snd Kapreyn (1973) but only when the subjects wers walking in
a statiomary tilted room. In stabilometric recordings of subjects standing
o a horizontal platform in a room tilted over 207 Kapteyn did not find a
decrease of stability when compared to normal circumstances. Stabilometric
data of de Wit (1972,1973) revealed that upright stance is influenced by 2
vertical illuminated bar that slowly tilts around a horizental axis at ankle
height just in front of the subject : in some cases a stight teudency te
follow the movements of the bar could be observed.

The experiments described in this chapter are in fact an extension of those
performed by the Wit and Kapteyn. Sinee peripharal visiom is of special
importance for dynamic spatial orientation (Brandt et al., Il9?3) the bar wag
replaced by a three-dimensional tilting room. Wich this device in combination
with 2 tilting platform the postural and perceptual censequences of static
and dynamic tikt of the room and/or platform were investipabed. This chapter
deals with the reactions of healthy subjects whereas in clapler € the influ-—

cnee of Lilting surroundings on patients Ls diseussed.

4.2, ARPAKRATUS AND METIDS

b2l TiLUiay Rewm 1

Tilthng Roowm ! was & molor driven device, tilting latexally from the base.
The front side wos open. The back wabil (3mo¢ 2o} was painted with alcerna-
ting black and white vertical slripes, gach 1.5 em wide. The subject stood
io Eroat of Lhe room toward the opon front side at a distance of 1.5 m from
the back wall., The side wills, [lour and ceiling were of such dimensions that
the entire visual Field was covered, The room was i{lluminated by two Lamnps
of 15 W cach, mounted on the back wall ; the laboratory itself was completely

dark during the rtests.
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The tilt could be varied up to 15 to the right or to the left, 4 sinus- :
oidally varying tilt could be generated in the frequency rvange From 1/60-

1/3 Hz. By means of a potentiometer the tilt of the room was recorded

during the sinusoidal tilt experiments with a view to further dats handling.
For the static tilt experiments the tilt of the room was r=ad from a pro-
tractoer {(accuracy i_O.DZc), At the back wall a rotatable test—bar (length
50 cm ; rotating axis at eye-level) was attached by which the subject indi-
cated his subjective vertical {subjective verticai (§¥) = direction of
gravity as perceived by the subject). In some experiments a BékEsy-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 (CCW). The angular
veloclty of the rod was 6°/gan. The subject was instructed to press the
butten the momenit the bar was im accordance with his SV, and to release the
button after a few seconds. In this way about every 5 sec an estimatiom of
the SV was obtainad. The position of the bar was recorded by a potentiometer
and the exact 5V indications were determined by z computer program. In each
test condition the median of these SV estimates vas taken to rzpresent the

SV of the subject For that particulax gendition.

In another experiment the subject could, by means of & position serve, adjust
the bar to his SV hy turning 2 porenticmeter adjustment method. These adjuse-

ments were read directly from a protractor {acoutacy * U.D?.B).

4.2.2. Tilting Room TL

Tilving Hoem i@ (manufactured by Tonnies, Freiburg im Breisgau) was coastroes
ted in order to bave more stimulation facilities than with Tiiting Reom I.
Again the vilving is done frem Ehe hese. The device (I.5m x Z.5m x 2m) is
completely closed, excepl lor a hole in the flooe, and hos two doers Ln Lwo
adjacent wal Ls. Depending on the scimalus mode (lateral or Tegeaft) one of

the doogs is open. Twe ceiling=Tights (75 W each) illwminate the roon.

A tilving platform s mounted just pader Tloor-level wilth ibs tilting axis
coaxial to the titting axis of the voowm. This plalborm fs consirueted o sueh .
a4 wily Lhat the Lileing axis is ac aokle height of the subjeel stand Dogr on Lhe
stabilometer on the platform. Several pethods of operation can be chosen

4o

(1) 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 (!20 to the left
up Lo 12° to the right} ;
{2} platform wechanically coupled to the rcom, both driven by Cthe motor
(IEO to the left wup to 12” ta the vight)
(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 (12% to the left up to
120 to the right).
Sinuseidal tilt of maximmm 12° can be vealized up to 1/6 Hz, and of
maximum 20 up to 1 Hz. The tilts of rhe room and the platform arz servo-
contrelled {position feedback). With this construction the experimenter oF
the observer cen easily manipulate the til: of the rtoom or of the platform
by turning o potentiometer. In the static and semi—static conditions the tilt
of the platform was read directly from a protracter laccurscey :_0.020)
whereas he room Lilt was obtained via a pocentiometer and a digital volt-

meter (accuracy + 0.010).

During lateral reom Lilt the SV was measured with the "Fan'-wethod, 4 fan-
shaped cord construction was fixed at the back wnl'l of the room with its
¢entre at the vilt axis. These cords were siretched st 0.5" distance of each
other, covering a rangs of 159 to each wide. by nunbering the cords in ran-
dom order (which order was changed as wueh as nccessary for each subject) it
was possible to use thils [iged esnsicuction for SV indication without inbro—
duction of unwanted cues @ Lhe subjecl wag asked bto indicate the ecord which
was in line with his 8V.

In case of Fereall roum till the pevecptusl spiee transformations were inves~
tigated by measuring the SH (ssubjeclive horizon). Fov this purpose a 1inear
yertical scale was Fiwed oun Lhe wall opposite to the subject. The subject was

reguested to indicate the suale mmber corresponding to his eye-level, after

shich the deviation of the S From the O {ubjective horizen = plane -
pendicular to pravity ab oye~lvvel} was calewlaved, taking into account Ll
changes in distance berwcen the vyes and bhe wall of the ilted room ol Lhe

Lengti of the subjects.
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4.2,3, Stabilometer

The stazbilometer used in thase experimencs has a2lready been described in
2.2.4.

4,204, Hydravlic Tilting Platform

A bydraulically driven tilting platform (constructed by Technische Diense,
AZVUY was, in combination with Tilting Room T, wery useful in those test
conditions in which the subjects, standing on the (rilted) platform were
requested to adjust the platform to a subjectively horlzontal positicn.

The £ilt velocity of the platform was 1.5%/sec ; the maximal tilt 57 to
each side. By means of a valve system the experimenter or the pbserver could
set the platform to sach desired tilt. The tilt of the platform was deter-

mined by means of an adapted waterievel [accuracy :_Q.CIZG}.

4.2.5. Data Processing

411 analogous sipnals were registered by a strip chart recorder (Siemems

EM 81.80) and stored on a magnetic tape recorder (Philips Analog-7) for,
further data processing by cthe PDP-8I computer system. The data analyses are
described for each experiment separately.

4.3, EXPERIMENTS AND RESULTS

The series of experiments on postural and percepteal consequences in tilting
euvironmenls was started with Tiiting Boom I, and continued with Tilting
Koom 17 which was constructed laver, This means that there is sowe overlap

betwoen the expeximents performed wich Lhe cwo rooms.

4.5 0, (Bemi-dstatic Weow Tl

43,1, 1. Bubject

Lateral room Lilc

The aim of this experiment was to investigate the influence of sratic
lataral room tilt (a) on the 8V, (b) on the pusition of the cantrz of
gravity of the body in the lateral plane and {c} on the stability of the
lateral body sway of a subject standing on the stabilometer in fixed
horizontal positien. Room tilts (Tilting Room T) of 0, 0.3, 1, | i e
4,5, 7 and 10° Lo each side were used. The stabilometer was used with and
withoyt cne layer of foamrubber {see 3.2.2.]). in order to make the somato-=
sensory information frem the ankle joints less effective. The conditicns
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 wias to indicate his 89 by means of the REk&sy-like method deseribed
in 4.2.1. The SV data were used {rom the whole one—minute recording whereas
the scabilogram of enly the last 30 sec wes used for analysis dn order to
exclude possible transients.

5ix healthy subjects (4 male, 2 female ; age 22-31) parbicipated.

An annlysis of wvariance has been performed on che 9V daca (Table 4.7.).
This statistical technigue determines which poarometors arc vesponsible for
the voriance amang the data.

The room Lilt is found to influehce Lhe SV indicotion significantly (48 .6%

of the variance). The subjects show sipuificant Ly interindividual differences,

but, this accounts only for a small percentage of the tolal varisnce (3.5%).
Furthermsre che parametern Dwamrubhor is wop conteibuting to the varisnce
as a mein effect but the First order inberaction between subjects and

foamrubber is highly signilicant and contributing to the variance to a
congiderable cxteat (11.44), indicating rhat Foamrubber results in a dis-
vurbance of Lhe SV Ladication [or cach subjeet in a different way. In

Fig. 4.1, the $V duta obtained In the conditions with and without fosm=—

rubber ¢ plotted as a fimcelon of reom tilt. The lipear behavieur over

the entire range of room cile investigated is noteweriiy.
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Souroe of Sum of df F-ratio Variance Sipgnificance

variance Sguaras i A
T{ilt angle) 1762 15 16 in 5 < 0,008
F{foamrubher = S{subjocce) 369.5 i 9,99 Tkl 0,001
g 138.6 4 3.7% 3.3 < 0.3
FxT 177.5 15 1,33 1.3 M B,

Takie 4.1, Rescelts of an analysis of variance of the SV values as a
functicn of voom t1lt and the wse of Egamrubber measursd
Eor six subjectis.

h

rs a a
Bl T o B,

Fige Gl Howiarion (v oof 8% From direcclon of pravity [menn value + §F 0}
aio Tune b loa el Labepal room L1l (8] obtained wilh Lhe Bakiny-
Tile moethad i Tiltiwe Boam 1 Pram sie suljeats whio were aoband ing
on Lhe plad larm whiivlk was in Viged borizontal pesition

it Wit @ o owith Foamvoblbep),

The leftfripght stabilopgrams bave been analysed In order Lo obtain an fudi-

cation of the postaral seabiiicy during soom Cilt, An wmensoren of stability

the RMS and the Total Sway Path bave been compubed Leocomse Phese gwo
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measures both reflect stability of the scabilogram rather well (Kapteyn
and Bles, [976). 0o these data =an analysig of variance has heen carried
out ag well. As was to be expected the conditions with and without foam—
rubber are statistically significantly different from each ofthar. The
interiadividual differences are also contributing considerably €o the

variance, but no dependence upon room Cilt was found.

From the lefu/right stabilograms also the median position was determined
in order to detect a possibile shift of the centre of gravity in relation
to the peom tilt. An analysis of veriance did nobt rewezl a statistically
sipnificant velation, althouph vissal inspection of the data indicated a
slight rvelaticon. This discrepancy was probably due to saturation of the
effect at room tilt of more than about 3° in which case the analysis of
variance is not che adequate analysing teechmique. Therefore Chese dats were
handled in a different way by determining the Spearman ranl correlating
coaffirient for each subject separately and Kendall's councovdance
coefficient for the data togetherp, This analysis showed that there is some
influence of voom tilt on the position of the centrpe of gravity indeed
the subjects are shifting their centre of gravity inte the dirvction of
room Lilt, but only to an sxtent of a Few mm, both with and without loaae
rubber (p < 0.03).

The resull of this experiment iudicates that Lhe Speabancoas movemsnts of
the centre of graviby weoe too larpe to veweal Che wdoor poscorad ok
induced By static rosm LLLC wery elearly by mesus ol slabometey @ che
8/N ratio is boo had. Tt i alue possible Ehal Ghe sobiecls made use of

kuowing that the stabilowmeter was positioned horizontal Ly, o thongh i Is

lerefore

fmpossible to determine Ehe oxkent to which chis cue wis gued, T
ancther strateoey has been chosen and worked oab dn expeciment 4.3.1.3,

The 8W-adjustnents (Flg.ho1.) sbow o Linear bebavioer ap Lo o voom cilt of
107, The aim of experiment 2 was to extead chis canget dnd Lo obtain more
aceurate S¥-valves by weans of the position servo (4.0.1.) since the

Békésy—like method dintroduced rather Large standard deviatiens (Fig.d.i.)
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4.3.1.2. 5V and Static Room Tilc

With the adjustment method of the position serve in Tilting Roem T the 8V
was determined for room rtilts up to 15°. The room tilts investigated were
0, t, 2, 3, 6, 5, 12 and 15° ko both sides presented in randem order. In
order to prevent the subject from using the possible cue of the horizontal
foot support, the hydraulic tilting platform was used which was given a
tilt of O, 1, 2, 3 or 4° to each side, also in random order. The subject
stood on the platform with hie eyes cleosed afrer which the room and the
piatform were given the required tilt (the platform afier some irregular
tilting to both sides). Then Lhe subject was asked to open his eyes, to
wair For 20 sec and te adjust the bar, which was initially in a vertieal

pasition relative to the room, te his §V.

Four healthy subjeects (1 male, 3 female § age 18~-22) participated. The

conditions were presented in subseries of mnine conditions each.

B ;
n=4 T T
3 g/[
'|r/1.
i
4 .;'/:JV
IE:
L W"’] : R
F'I./}.'l
I/'l'
i i 3
[/I
P71 -8
‘
5 1z 9 a t 6 ¢ 1 1N
] 1 [ (B B T e | 1 |
fig, A.2, bDeviacion (¥1 of S¥ {rvow direction of pravivy (mean voloae = 1 9)
as n fenctionm of lateral roam Cill (0), vhtained with tbe
ad justrent method ia Tiltding Hoon | Tranm Four suabjeels whe wepe
sranding on the rilving platiern, Hach ceopdibion was meaunecd

wnder nine differonrt silt anples {up to A Fu coch side) of the
Lilting platform,

The resulting Y adjustments as a funetion of roum tilt are shown in Fig.

4.2, The retationship betweon toom tilt and 5V values is seen to be linear
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over the entire range investipated, Linear regression shows directionm
coefficients of 0,56, 0.6, 0.64 and ¢.63 for the subjects respectively.
The inecreasing standard deviations witih increasing tilt angle are dus te
thase differsnces @ the standard deviations for the subjects spread arcund
1%, Analysis of variance showed that the SV adjustment was independent of

the platform Cilt.

The SV has been measured once more in Tilting Room T71 with the "Fan"—metho-d.
deseribed in 4.2.2., under static lateral room tilt of &4, 8 and 12° o each
side. This experiment was dome with cach subject

(&) standing on the platform which was in fixed horizontal position.

(B) standing on the placform which was coupled ro the reom and

(C) sitting on a chair with support of the head, on the placform in fixed
horizental position.

The subjeck had his eves closed when the room was giver the desired tilt and
had te wail for 20 sec before indicating the cerd parallel to his SV. Six
healtly subjects participated (2 male, 3 female : age 18-38), The test
couditions were randomized as much as possible and each test condition was

presented twice.

The results are shown in Pig. 4.53.

The results for ouly five subjects are shown because the sixth subject had
severe problems with this particular 8V measuring methed and was not able
to indicnte the 8V properly. The dircction cocelficlents for Lhese [ive suh-
jects are for conditien

(A : 0.06%, 0.62, 0.60, 0.3%, 0.65 respectively, lor coudicion

(BY 3 0.62, ¢.71, 0.65, 0.60, 0.65 ad for condition

(©) ¢ 0,41, 0.78, 0.66, 0,39 and 0,54,

No statisticatly sipnificant diffcrences omong the SV vialues In condicions

(A), (B) and (L) were found indicating thal the 8V, at Juoasl for thia range
is not detcrmined by the somalosensory sysbem and is iherefore the result
of an inkteraction bebweon visien and the vestilbular (uteieular) system.
This is in good agreement with the cxperimenc with Toumrubber described

in 4.3.0.1,
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The influence of statie foreait room tilt on the perceptiom of the liorizon

has been investigatad in Tilting Room T with the subjects standing on CLhe

platform in fixed horizontal positicn. 16 Subjects {5 male, 11 female

age 18-32) participated in this guperiment .

ncll i_[_(b} 51 l
i

=B 4 3 B waT)
it Kt PO R prticer]

Fig, 6.4, beviation (G} of 50 from 01 {mean value £ ! 5] as a function of
fovpafr room tilt (6), ebrained im ¥ilting Kaom 1T from sixtesn

subjacts who wers scundiag on the platforn which was in fixed

horizental position.

The results of this test, analysed with the method doscribed in 4.2,2. arce
shown in Fig, 4.4. The magnitade of rhie cffect is of the same order as

found For the deviation of the SV at lavorsd reom Cilco.

The experiments an the perccplinn of vertbeal ity L Lilting suvroudings
can be summarized as follows:

With free standing subjects stallic lateral roon tilt imcveos o dovialicen
af the SV from the dirvection of gravity Lowsrd the divection of rfoon Lilt,
At least up Lo 157 of roow cile o Linear celationshiip hon b foung
betyeen the deviation of the SV lvowm peavity (¥} amd Lhe voon ) T S

v = mé {no= .62 , 6= 0,07)

This relationship is independent of the posikien or vigidily of bhe
supporting surface on which the subject in standing, but shows interingivi-

dual differences. Foreaft tilt induges similar perceplual space Lrins-

formations.
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4.3.1.3. Posture and Static Room 1ilt

In order te prevenb the difficolties dn studying the influence of statie
Lateral room LLLE on posturc as described 1o 4.3.1.1., the hydraulically
cileing plarForm (sew 4.2.4.) was used in this test. The subject, standing
i cha tilking plakform placed o [ronc of Tilting Room I, was regquested to
add Jusd the platfom e nermal Lie (sarcth-horizontal) position, Deviations
magles Mreow the objeative horizeon were determined by use of a waterlevel.
The initinl tilc of the platform was 9, 1, 2, 3 or 4° to each side whercas
the cowm File was O, 157 to the lefr or 15° to the right, The subject stood
s the platform with his eyes closed after which the room and the plarform
were gpiven the required tilt (the platform after seme irregular tilting to
huth sides). Then the subject opened his eyes and after 20 sec adjusted

the platform to a evblectively horizontal position. His fest weve in the
normal ("ben te two'') position but he was allowed te move his body and

tiw platform bo both sldes as long as necessary to obtain the desired
position. The experimenter thenm determined the platform tilt. The experi-
mental conditions were randomized as much as possible, zn 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 shovn in Fig. 4.5.4. Tt is easily seen that both the initial
platform tilt and the room tilt have an ipsiversive influence on the adjust-
ments. The adjustments of the platform under beth 15° wilt condirions are

significantly different from each other (p < D.0Q1).

This experiment was repeated with Tilting Reom TE and its aceessory biltiog

. . . . w17
platform (for descriptiom see 4.2.2.%. The voom Cilf wan cither 1270 po Lhe
PR T o . A
ilaft or 129 o tiw ciphl and Che initfal platforn L wan b, 8 o Y e
cach gide. Tlhie procedore wrg (he same ae decer ad For T presinnes paporis

Dofemmel e g s TRV pad Bedpaet sl

went o Hewest e bohye sabgecr s O male, -

Phie pesalt s e slwen e i B0 000, T T EEersanres Toe Clae o Josibpeut s
Mocing bidn b the Terl omnl te the pipht e statiat bealby aipnidicant
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(p <0.01). Tne results are in agreement wich the findinpgs of che previous T

R

experiment. e |2 ¢
. ;
The same seven rubjeccs also partieipated in the next experiment. This resc 5
was performed in order to veveal the influence of Coveaft room tift {l?.u) T,_,f}“_"_']
on the adjustment of the platform into the hopizonbal posillon From initial "'—"_f_/jr_ ¥ i ’ R
Forward or backward viit of 127, '///I 2
[

The results are showa in Fig. 4.5.0., indicaring rive the sane effeckts are 4
present for forealt blft as Cor lateral LILE with Lhe same order of magai- 1E____f___.1__L___I______‘f - ‘I’__‘? o)
tude. The subjects appuarently et Lbe platforn tilted backwaxrd on the
average which might be due to the fact that one is apt to shift the centre b E:H“)
of gravity forward in case of postural instability {(cf. forwavd shifr during " ;

optokinatic stimulatior in Fig. Z.2.}.

In the next experiment three conditions were compared in which the visual

e

stimulus was net stationary or absent e o M

(A} adjustment of the platform o the horizontal position in the absence of

visual information ; k; 4

(B) adjustment of the platform into t£he horizental pesition with the room =5

¢ .4 L a4 g g2
1 I \,..J

coupled to the platform (bilt of room and platform the same) ;

(C) adjustment of the reem into the nnormal {vertical) position while stan-

R
. . . . . bt i 1
ding onn the platform fixed in horizontal pesition. nd LR S R
i F - . o . B
ihe placform and/or rosw CLLE was 4, § or 127 te each side. 4
The experimeatal procedors was sinilar to the previcusly deseribed experi- ' T T
g .k
[ om0
metk s . . !
) ) . L ) . . bbb T o det®e]
Siw healthy subjectd pacticipaled b Phis caperiment Comadey 8 femade | _J_.I_,_,_,.' k
s
ape T8-38). f | | \
The condibiong were rndombaod and ool condi D ian wan presonlal bwice,
4
The wesublbs are shown o Wi fhs it T Pooneen that The b olilbaimed in !_: F "I‘ . 4 I! 12 61}
]
Sl evesors Logod o il AY e i Dmedeel bie Bred e | e o Lt ; o e . s : .
rhe eyetovlosed condition g9 servsssilingieall bn Betaeit e sl bt Fig. 4.6, Deviation €0} of the subjectively wortical room Lrom zhe direction of gravibwy
with he ]Z’_“ poom LT tw Lhe [eld ciml @ Dl viphl CEaeoh %, Bl as a function of dnicial room tile [£), obtalned From slx subjects waler the

comditions (A) standing on the platform which was coupled to che oo, Tight
in Fipg. 4.6 apain Lhe dependince o Lhee degoree ol D il plalform cilt eff j (B} acandisg an the piatfowg vhich was coupled rto the reem, ligit au j
2 {C} standing on the platferm which wrs in Cizxed hopizental positlen.
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is seen. Thls dependence is less clear when the room was coupled to the
platform (B), although the initial tilt direction is still the direction
of the Finral deviatien of the settings. It is interesting to note that
coherent disturbavce of the roem and the platform is handled slightly

becter than the disturbance of the roem or platform separately.

Summarizing these experiments om statiowary tilting surroundings and pas-
ture, we may conclude that a tilting surround induces a shift of the body
in the same direction. This has been revealed by the adjustments of che
sepporting surface into the normal position. ‘Annther feature of interest
is the dependence upop the initial placform tile {(final deviation in the
same direction as the initial deviation}. Similar effects were obtained
when adjusting the voom inte the vertical position (which is in fact SV

indication).

4.3.2. DISCUSSION

The tilting rooms, and especially Tilting Roow II, are in fact ideal optic
stimuli since the whole visual field is used which is of importance because
of the dominant rele of the retinal periphery im sparial owientatiom
(Brandt et al., 1973). Furthermore Tilting Room Il is a "natural scene'
with clear directional cues which has been shown to provoke the strongest
directional induction effects on che §V (sea Bischof, 19743,
The influence of lateral tilt of both rooms on the 5V has been found to be :
y=m . 8§ (1
(= 0.62 ; 5 = 0.07)

v o= deviation of 5V from direction of gravity
B

§ = poom tilb, 4 < 13,
The three methods usod o deternine Lhe 3V bave all shown to yiceld this
relation. However, Ehe Bélkday—1iko oracking molhod (82000 introdaced rather
mueh dlspersion and sowe subleces cxperbinced DITCer) Lies with Phe "Fan

method {4.8.4.00.

In literatupe only Tew data ave aveilable diveetly comparable with the

all

present findings. Experiments concerning SV measurements mostly deal with
body tilt (sitting or lying subjects) end optic tilt at the same time, and
the tilt angles are rather large in thoss experiments. However, Witkin and
Aseh (19487 raported on an expérinent with their rod and frame comstruction
{see 3.4.) vhich was performed with standing subjects. In their experiment
the frame wes initisglly tilted over {5, 30 or 60° to the ieft. The mean
deviations of the SV from pravity were found to be 8.6, 9.3 and 5.9°
respectively in the direction of frame titt, The 8V deviaticn (v) at the 15°
tilt condirvien is in close agresment with the present Findings, Equaciom
(1) supposes for a toon tilt of 307 a ¥ which is rwice as Large as found
by Witkin and Asch. The ewplanation for this rather small deviation given
by Witkin and Asch is that at this tilt engle the matural redundancy
expectations about the vertical and the horizontal are ambiguous : with the
Witkin frame tilted at 43° ghe visual system has no cues as to whish side
is buse or albitude, se it dis likely thar the directicnal inductien reduces,
decreasing the 5V deviation. In Tilting Roem I and FI this ambiguity is not
present of courseé, but it is sure that the deviation of the SV from grawvicy
hag a1 limit at a certain room tilt. For technical reasons the tilt of the
rooms was resEricked to 15 and IEG, respectively, and unfortumtely ak i5”
the maximum was not yet réached. letermination of this maximum would have
been intevesting since this maximal deviation is considersd to be an fadex
of the visuo-wvestibulay weight-ratie according to Blschol and Schecrer
(1%70) Bbut it is not obvious thet 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 ratbio
as well. Buch a definition of the index is, in a certain sense, sipilar to
the definition of won Holst (1930}, In the present experiments this para-
meter m was found toc be subject dependent indeed C(sce alse 4.3%.) ,but the
questicn of whether this factor is the deverminant of the visus-vestibular
weight vertigo also for other visue-vestibular interactions has net been

solved yat.

Somatosensory Loformation has been demonstrated to influence the perceptiom

of verricality. Steinleitner (i977) demonstrated this by keeping the position
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of the otoliths constant but varying the body position. For the present
experiments it has been shown that the somatosensory system iovolved in
standing is not involved in the determination of thc SV since the 5Y

values were found to be nmeither dependsnt on the platform cile, nor on the
rigidity of the fool support. Moreover, it was found that the 8Y walues
were the sams for sitting and standing subjeets. This implies that equation
{1} should be in agresment with che model proposed by 3ischef and Scheerer,
Since in the present study the spatial positien of the eteliths was kept
rather comstant and the room tilt limited, this is seen to be the rcase

indesd.

Considering the findings of the 8¥, the influence of a static tilting
surround on posiure 13 remarkably small, Only with considereble difficulriy
rhe misleading visual information can he shown to be involved in postural
stabilization. This is in agreement with findings of Kapteyn (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 SLrong
adaptation oé the somstosensnry system invelved in standing, since the
amount of inirial platform £ilt appears to be af considerahle influsnce
an the final adjustments. Similar adaptation effects have been reported
for seated subjects ( reviewad by Howard and Templeten, 1966}, In the
present study the subjects always believed that they had stood upright so
in view of the rather large range of platferm tilts, this peints to an
ingegration within the somatosensory system. This explaing alse why with
stabilomerry the influence ¢f static room tilL on posturc was so difficult
Lo objectify. However, the fact that the Flaal deviation of the platfoos
remains on the same side as the initial deviabion is not uccessardily
adaptation alope.

It might be a consequence of some pneorLaluly within the sowntotensery

system itself.

This eencept will bo £10witeabed witl s ceperiment docl bngy with wisnal adapit Tou. |t
1% knowne bhar, when a LIt ke Teame G2l bk fere oo Lb et e ver Al punibion,
che final posirvion deviacvs Trow pravicy ia Lo same diveer Don the daitial Lilt
{Witkin and Asch, see alss 4.0, 4. fleis ef focd is probably wd Lo Gl convept of
verbicallity @ che wercicat refers v ooy oo pusiicoog, ae, b o certain LRIE al fhe

G2

SEOE | eI '_“-""""----.‘?Q?‘ 10‘??‘}_., B e -

(4]

Tig. 4.7. Thooerezigally egpecbed and cxpevimentally Coued ¥ indications .

For explaonatiocn see Cost.

frame iz perceivad as vertieal by the subjecd, Te witd sl malee febher corrcetions sinee
snacher position of Lhe vaom vommor b "more” vertical. Suppose thab a subject has his
aves closed and 15, when opesisg his eyes, condronbed wich & Lilved room : because of
the propricceptive informat ion during the oepes e losed peciod lee 1s able to estimate
whetber the room i Giteed orv oen, This can b oo ol For dewveral tilt angles and the
cesule is a histram fndicat im Che CiEL which is cpted dircctly as vertical (Fig. &4.7.).
When asked to seb bho G 1bed reom (Large CilE aaple) vepeatedly hack inco veriical
posirien, L ia ko be expocblod that g i Lo of blheme jed jusbeents iz ohtained
around the S0¥ pelnts of the groa of Mdiree accoplanee™ ab thie same side of the lnicvial
tile, Ihe rosulis of such a 1o dime witly Filving dloom T witch four subjects, are

showin in Flg. 4,7, koo The Dnlbial rown vile was O, 1, £, 3, 6, ¥, 12 or 15 ta both
sidens, The Bistopram al "dirocn aeceptanee ol coom tilc us vercical™ i3 seen to he
different for the sabjecls ol moest siarply defioed far suhgecc | and 3. In view of the
results ol the adjastwens [ody Crom fsitial rewm il of 6 or more is shown) subjact |
Civs dn with the coneept foo adaptation), sebjects 2 and 3 also show a vissal adaptation
Cehedr distribulions are skewsd wirich ean e cxplaiovd only in terms of visuwal inducriou
vt Cle wtalich fnformwaliog] , whereas subjest 4 shows predominantly adapzation.

I Bubrject 4 demunstrated oF Ler Lhe egperiment Lhat she was quite able to mininize the
doviaclon by elnaing Che eyes for dome seconds each cime she perceived che room as
vertival ¢ oapparently in the syés—closed period the utricular inFormatisn was racet
vesyltivg in recogpition of the room tilt afrer opening the eyes spain.

ik

'
1
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A similar explanation can be given for the fact thar the initial end final
platform tilt remain in the same direction relative to gravity. Such an
induced modification of the utricular informabtiom by optic tilt (correspond—
ing te an apperent change in divectiom of the gravitational wvector) should
be analogous to the physiclogicel mechanism for clrcalar movements as
daseribed in chapter 1. Visual induction of otelith information transCering
wnits in the wvestibular nmclei of a cat has been reported by Daunton and
Thomsen (1976), whe demonstrated that cthe majerity of units which responded
to linear zcceleracion in a given direction alsoc respoaded to the visual

stimelarion which simulated actusl movemenc of the cat in the same direction.

4.3.3. Sinuasoidally Tilting Surrcundings and Posture

Sinusoidal tilt of the surroundings was indured by means of Tilting Room 1
the amplitude of the sinusoidal tilt was 59 for eipht Freguencies in the
range of 0.016-0.12 Be.

The stabilometer was in & fimed horizontal position in front of the tiiting
room and was used hoth without and with a layer of Foamrubber {see 3.1.).
From each frequency the stabiloprams over at least five periods were
recorded, cxcept for the lowest Erequency of 0.016 liz in which case oaly
three periods were taken in order to aveid a teo long perlod of standing
upright (espscially standing on foamrubbar is rather tiresome}. Care was
taken to avoid the presence of possible transients by presenting the
stimulus at least for anather half period before the sinusoids which were
used for amalysis.

The subjects (the same as participated in 4.3.0.1.) had to stand upright

and relaxed, and were given a task (5Y imdication by means of BikGay—Llke
mathodY. The mean amplitude of the induced lateral bedy sway (M"Ontic Suway"
according Lo de Wit, 1972) was computed as well ay bhe plase anple bofvecn
stimulus and body sway. The resetis are summarized in Fig, 400 The upper
diagram shows thal upright stages @b mere af fected by Fow Thaw [y frigh
frequencies, most clearly in the cowditions witbe foampubivr. Farthermore iL
is seen that with Fosmrobber Che Opric Swiy i Lacrensed becaese by the

reduckion of Gl somaloseosory formal lon the seusory weipht ol vision L

o

Lptic sway
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Fig. 4.6, Amplitude of Tateral Qptic Sway fnean wvalue + 1 £) as a forctian
of the frequency of the sinuwscidally meving Tilting Roow L

579, %he six subjects were tesred bath with {o) and

without (2} a layer af foamrubber om top of tha stabilomerer.
The phase angls between scimulus and Onkile Sway is also shews.

oplignred. The phase angle shows the same behaviour, with amd withoul Loans

rubber, indicating a phase lead at low [requencies awmd o phaso lap ot high

Frequencies. An important finding is that Lhe subjects appeaccd Lo bo omaware

op the Optic Sway in conditiens withoul Uemmeobber aod lonomest o e

conditions with foamrubber : Cliey belicwved to have stood aprighl, ueinl L ed

by the room £ilt.
wich Tilting Room T zlse Che of fesl

i

Lo CETE ampl Teode has Boeo

1 » 5 i = “ . .
investipated (!, 3.5., b ml M "y oar @ iwed {regueney of 145 e, this

experiment wis parl of Lhe stdy on eye-objecr dlistances and posture, and

Will be disemssed in %.0.2. Siwee in Lhak stedy the propriocpetive inter-

Ference wis uoder Lavescigtlion, the subjects were tested without, with e

and with Lo doyers of Ceawrubber, The foamrubber was always covered with

the vigid plate {sco 3.2.2.%,

The Jatn here have been handled difFerently by computing the average ampli-

tude oud phase angle in the same way as in the previcus experiment.
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5ix subjects (4 male, 2 femate 3 age 11-24) participated. They were given

no speeific Task but to astand upright.

Cptic sway
Ampl, 30
(mm}
30 ] l ‘
20J i
B Zu
10 o 1
L

e N
Amgl. of raom tilt ()

Fig- 4.9, Amplitude of Lateral Bptic Sway loepn valne + 01 gy as a fumction
of the ampl itude of che siansvidally moy ing Tilrimg Room 1
(freg. 1405 Hw). Fhe alz qabjectls were tetted withour {x), with
pie Tayer o) and with twe Tayers (A) of foamrubber on top of
Che sbabilomeler.

he vesults of this experiment arzs shoun in Fig. 4.9. The ampiitudes of the
induced @vtic Sway in the conditions without fosmrubber are not dependent
on Fhe tilt amplitudes. The use of a simple layer of feanrubber results in a
saturated Optic Svay at tilt amplltudes beyond 1.5°, with cwo layers of
foamrubber a larger Optic Sway is found, but again a saturation can be seen.
With three subjects standing without Foamrubber the stimulus did not result
in an Optic Sway. With foamrubber induction always took place. The average
phase lead was 61.3 + 21 .ﬁ.o, which is in agreement with the provious axperi-

menk -

Tilting Moom IT oEfered Liwe possibility bo stimalate wihih foresfc LilL of
che surround iugs as wellls dn order Lo comparse fhe foresfc Lili bo Ghe fates
Fal Gl the noest exporiment das carcivd eub. The stimnlus was aosiaesobdid

; ; . S ; ;
wovement with an amplitude of 2, f, Bor 27 with frequencivs of 140, 1120,

fz6

1/10 ar 1/5 Wz, both for foreaft aud lateral cilt {the stimulus with
amplitude 12° amd 1/5 Bz resulted in a distorted sinusoid and was therefore
not used). Te order to ephance the sensory weight of visiom, the subjects
were tested on & sivgle layer of Ecamrubber as well (same eonstruction as
described under 3.2.2.). In the criginel experimental design alse gonditions

with two layers of foamrubber werc incorporated but it turned out that the

Optic sway
Ampl. 40
{mml ‘

ao!

|

]
20]
I
|

w0
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Phase 100
) wo
60 1--"'
40 k3 ‘

\

s0! | ‘\‘\j
80 . :
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0025 605 €1 02 0025 005 01 02
Frag (M) Freg_{Hx)}

Fig. foto, Amplitode suul phase ol Tareral [le) amd Fereafe {ri} Opuic Sway
Gt value b0 a0 s o bunekien ef the Fruquency of the
coidab ly movinge Ti0Fiay Woon |1 (igkeral and foreafe EilE
pegpestivelyy amplke x5 M W 4t and 11 12°y, The six
s el s were Lested wiclh ene bayer ol {wanrubbor on top of the
Gl fma L.

subiesis evald nob remain stonding apright on two layers during sinvsoidal

room Cill. Six healthy subjeets porticipated (4 male, 2 female ; sge 18-42).
they were requested too§tad upright, velaxed as much as possible, and wers
piven ne specific task. The conditions were cownterbaianced as much as

possible. The Optie Sway was measured with the stabilometer in fixed

67



horizontal position ; the recordings and analyses were performed in the

same way as deseribed in the forepolng experiments.

The experimental results for the faamrubber conditions are shown in

Fig. 4.10. By comparing Tig. 4.10 with Fig. 4.9. it is seen that the induced
lareral Optir Sway on a single layer of foamrubber is smaller in the present
experiment. This is partly due to the fact that especially under the small
amplitude conditions, an Optic Sway is not always induced, This is note-
werthy sinee all subjects in this experiment, even those without Optic $way,
preferred to have assistance available bacause chey felt uncercain and some-
times experienced vertige, which was not the case in tha previous experiment.
As mentioned already, these subjects could not perform the test on two layers
of foamrubbar. Hithout foamrubber the subjeets were found to be quite ahle to
resist the stimulus @ an induced Optic Sway was hardly found. This was aiso
the case wich foreaft room tilt, but Lhe jnduced foreaft Optic Sway under

the conditions with feamrubber iz seen to be larper than the iateral @ptic

Sway .

Surmarizing the expariments on sinusoidally tilting surroundings and posture,
we may conclude that 3

sinusoidal lateral or Forveaft tilt of rhe geen envirenment may induce &
sinusoidal body sway {(Optic Sway). without feamrubber the amplitude of the
Optie Sway is independent of the amplitude of the room tiit ané does not
exceed 1 em.

Reduction af the somatosensory information by standing on foamrubber was.
found te enhance the sensory welght of vision, so to enbance the Optic Sway.
Induced foreaft sway was found to be larger than lateral sway. With stimulus~
frequencies up Lo about 0.06 iz a phasz lead is seen and al higher [requen-

cies a phase lap.
4,34, DISCUSEION
artificial movewent of the seon eyl rompent may Loduen an apparent self=

motion in the apposilo dirvcelion Tollowed by o postural penelian with o

tendency te fall into the directiow ol patteri mtion. Such destabilizing

affects on posture have been demonstrated in several ewperiments with
sircular surround movement (Kapteyn and Bles, 1977 5 Hoitcheva et .al,, 19763
Mivoshi et al., 1978 ; cf. chapter 2}, with optic roll stimuli (Dichgans

et al., 1976 ; cf. also chapter 3) and with linesr surround movement { Lee
and Lishman, 1975 ; Lestrienne et al., 1976, 1977).

The preoblems with an optic roll stimulus with rotation axis at eys—=level
tave been discussed in 3.4, ; Lor iinear surround movement similar diffi-
culties concerning the destabilizing and stabilizing role of vision can be
supposed. With the tilting rooms these difficulcies are not present since
motion is around an sxis at ankle height. However, with the above mentioned
stimuli a clear apparent motion is induced, which is net the case with the
tilting reom 3 the subjects, standing on the rigid horizontal platform
during sinuseidal room tilt, reported neither roll vection nor 2 sensation
of body tilt, in spite of the fact that the 8V 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 appatent movement against the stinulus
direction. Dnly by patients the tilting room has been perceived as stationary
{meaning that a pure rokl gestion was experienced} which was accompanied
with a considerable Optic Sway (cf. chapter 6.

The amplicede of the Optic Sway in healihy subjects is found to be of the
same order of magnicude (< 10 wm} as the visual influence on the platform

ad justment's during staric room £ilt (a shift of the centre of gravity of

W 17T mm corresponds Lo a £ilt of 1“y. fhe amplituds of the induced Optic Sway
is restricted bocaose of propricceplive interferznce and also by the inertia
of the body. This can ba seen by the phase lead at low frequency stimsl i
{proprisceptive intecference) and a phase lag at higher frequencies (inercia)
Foamrubber diminishes the cifectiviness of the somatorecepbors resulting in

a4 shift in the level of the proprioceptive interference. This explains the
inereased auplitudes of the Optic Sway at the lower frequencies and, because
of the iuertia of the bady, the relatively smaller inermase at the higher

freguencies.

The perceptual aund postural consequences of the static and sinusoidal room
pilt are known from the experilmencs described so far. The guestion as tu the
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mechanism behind these effects is still open, Further research is required Phe retinal image shift is net necessarely a continuous shift because with

= » - - - - I3 - a
to reveal which parameters are of Llmportance. At lessli threa paramelers may Flirker illumination of the room an Optic Sway can be induced as well.
be involved, (1)} the preseace of directional structures in the visual In a pilot-study the influence of simuscidal roem Lilt Campl. 57 5 freq.G.05 and 0,1 Hzd

P 5 . . 3 3 . . dipe uprlght during flieker illuminotion {rep. zate 1, 2, 3 and & Hz) was

: and ea as will ob RCADLZOE UPTIRIL LUTITE : 2 2
stimulus fuﬂd’ (2) retinal image 5hlft’ (3) stimulus ax be recorded for two subjects. These subjects woere standing on Foomrubbar in order o
. : : . ssible effect

own by twoe pilot investigations ! enhdiiCe dibns oL : .
sh - b ? & The orviginal eurves are shown in Fig. 4.12. Bo doubt chet even at the rep2biticn rate

In the tilting vaom a white shest was suspended which was cowvered with 4 randomized of 1 Hz an Optic Bway is indusad, be it with a reduead amplicude.

pattern of cireular dots of various sizes and colours., Thae subjects viewed this

pattern froem a distanee of 65 cm hrough an inverted funnel,atcached o tha head, which Siival B

restricted the visual ficld to 755 in order to prevese the subjects frem lecking ar che ?Illum. *//J”"'_"‘“"'w—\m n/_,r"’“j\*"‘,\m.“ —

fvertical] side walls during tilt. The patreyn of the dets did mot eomtain direction Lt Wt Sy s

cues Since stationavy laeewat ropm tilt of 7° to elther side did uet affzet the diree- S e T A T e .

tdan of the 8Y. 1n order to illustwato the possible gffect as clear as posgille, feam— G e ""“‘p\f\«rfﬁ,j\,fﬂ__/w' = R e

Fubbes was used. The scinelos was a sinusaidal povemsne with aw amplitude of 7 and o : " 3 - 7 “

. 3 2 R i [ A

frequeney of 0.0% Nz. The results were conpared o thase abtgined undar the condition ;;P'm C frf\f"(hl\fh‘w-/\.\;_;\ ,.Jv‘f el "‘"‘--x_h-./"'vl'"l—-.xf\

in which the sheet was removed, the subjects wiswing the back wall of che room contain- (Hx) R g o ety y

ing the horizental and verticnl structures, Fo ovdev ro show the influence of o, Ty “\,x-»-"«’ A Ly LR e Y

peripheral visien, this condition was followed by 4 third conditien, in which the sub- I T P s e

Jeets did nee use the fusnsl, so0 with complete wisunl Field. Bight healthy subjects i i SN, T A T

{all Female, ape I4=32) of small hody weight participated. . _—

The original recordings are shown in Flg, 4,31, Prom inspuetion of the curves it is n*’,.---*ﬂq '"'“‘nx\ (B . y

seen that {u) tilting of visual surroundinps without direcrional structurss may induce } l*o R e et

an Optic $way, that (c) the Optic Sway Iz enbanehed §F rhose surroundings concein 8 L e s T

clear eprie vertienl r.g, horizancal, and that {3 this Uptle Swsy s eahances still
mere if the visual Eield is not restrivted ca T3
Tt mwet be neticed, howsver, that the sabjecks did wot experienne a roil vectdon,
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el R

Fip, @12 dviginal vecurdings or latweial gptic tway el o subjeck standing

ow ue pieee ol foameasber wader the condilions of normally
e Db deiasrced oo and b §liekes Dlluminacion with a repetltion
rate ol Ty 24 1 and A4 Hw,
1ILI\’I‘M'v\{‘\' 7 5 " i .
3 e It may be devived fron this experiment chat the directisnmal sCructures are
A ; ; . ; :
R /140 ! i Y very important altlough an integration af the intermittent imapges by the
2 i e = : s . 3 ; ;
Lk t ) o R T CN$ Lnto a perception of a sinysoidally moving room 1s possible. The results
20 Nm | ey of the latter test are not in agreement with the findings of Amblard and
& 10sec,

; . . . e j.ed i inati i igd a
Fig, #,11. oripginal rovordings of the lateral Gpede Sway of edght subjzcta Crémieux (19763 that flicker illmination with a repetiflon rate of af least

sEatding un wpae ploece of foamrubber in Tilting Roem T1 under the
sunditions €17 ne direebional cuns in visual field which dis
cenlrieied to 750 wisuoal anwle, (2) vertigal and harizonts
Alrverional sues io sual Cimld which iy restrieced to 7357 wvisual
amglo and €3) wevtieal and hovisontal dirvectional eves with Full
visual fiele.

6 Yz is a necessary condition for visual stabiiization of posture.
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According to Baron {1967) a movement of the eyes sidewards should be
accompanied with an ipsiversive body shift, due to stimulation of the
proprioceptors in the seulometer moscles.

This could account for the Opbic Sway gince in the First experiment des=
cribed in 6.3.3.1. the subjects were looking rontimuously at the 5% bar
fixed at eye—level én the (moving) backwall. It does net explain, however,
why the amplitude of the Optic Sway remains tho same with subjects keeping
their eyes fixed at a light spot projected on the backwall by a flashlight
atrached to thelr heads, because ju that case no eye movements are made

(unpublished datal.
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CHAFTER 5

EYE~QBITCT DISTANCE AND HUMAR DOSTURE ©

Summary,

Because of the Iimited spatial vesslution of the retina self-motion is

not pereelved visunily when the ewe—object distance ts sufficiently large.
4 perfes of experiments 18 described in which the eye-objeat distance hae
bean varded from 0.5 to 200 m. It 18 shown Vhat vision does 1ot contribule
to posturcl stability when the eya-cbject distance exmeceds § m. The oub-
jeats weve “osbed also fn the tTlting vooms n ovder o conpore postural
beliquiour urder both cirmenatoness. The influsnce of head t<lt on pestural
atabiiity as well ag bhe presence of neurby stationary contrasts in the
peviphery of the visval Fleld, both of imporiance wnder conditioms where
haughts vevtigo might cecur, hove alvo been investigated.

5.1, (NTRODUCTION.

it the experiments described in the previsus chapters intersensory con—
[liets hove heea induced by stimulation of the sensory systems, separately
wrodn cenbiual Lon, ;

Sioee Lhe venalubion of the recing is Limited Lt is avpoed by Braade (1976

Phot sedl-mation Lo not vissully perccived whon the eye—objecl distonce

crvvaks o ceotain walue, leadige booan inbeesoesery cond Liel betwsen che
vimwl Deforwal o Daignel ingy o body swayd sl Che proprioceptive buform-
Cion (abpabdog Body swoyd. Secl an intersensory confllert conld account for
a postwead labalawee with physiobepicad beiphl verripgo (et te e conlnsed
wilh sevopliohia @ owith biipln werlipo fn meanl the sensation of instabillcy
s desorienlal o, Che seomation of bolng pushed Torward § in fact eipght
werliow may feoseon oas the First stage of acrophobing.
T i clitpter wis (Ere el g study sn Lhe wachindsn of pliysiologieal heipght vertige
whivh wie perfommed in close ceoperation wich Deo Brondt and Dr., Avocld, Keopp

Feanbeeans bl Len, Rosen, F.oR.G, #ull fcations oo this subjecr are found in tie
Feperend e Lisk usder Brandt ood undor Bloe.




in order to verify the above hypothesis the central theme af this chapter
is the influence of vision om postural stability as a function of eye-

agbject distance,
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Fip, 5.1, Anpular displacement & on the rotiona, caused hy & late?al
head displacement X, is smaller the agreater the eya-sdjeat
distamee Y is. The diagram shaws Eor which cye-objeck dis-
Lanevs latoral head displacement can be dotected wisnally
assuming a yelioal movemcnt detecthon Ehresbold of either
Poar 20 winutes of dve.

[aereasing eye—object dislances wipht Lead to posbueal instability dee o
the limitod reselutlon A of tho retind (about 2" Fow nhe Toyeal pagls aod
abput 200 for the paracenteal and periphoerst paris Ghabert, | HE aod
Lelbawica, 1955)). The vebimal chifl ol o vicwsd slalimary vhjeet tu
gite civironmestt depends oo che fatoral hoad displovement Vool en the eyes
object distance X (Fig. 5.1). A hond ar eye displacement ¥ i oel pepecivod

for o < A. In this sitnation there is no visnal cwe that conld bo wsed [or

Ty

postural compensation of this movement. The lack of a visual cue should
result in largew, disinhibited sway amplitudes at greater eye~object dis-
tances. However, vision is not the only system which regulates pesture !
the proprioceptive system (imcluding labyrimths and somakorecapkors) Ls
active too. So it cannot be cxpected that the sway increases lipearly with
increasing eye-object distance but rather should behave meon-linearly and
should be limited because of propricceptive interference. The hypothesis
was originally developed for the lateral bedy sway since the lateral sway
is horizeatal over seversh centimeters (parallel shift) because of the
mechanical relatiouship of the lower limbs, pelvis and vertebral column
(Kapteyn, 1973y, A similar line of reasoning can be developed for forsait
body sway (Brandt et al., 197%). Lovelvement ol eye countercorsion (in
whicl: the retinal shift is independent from the eye-object distance) can
he gonsequential for posture in case of great latersl (rotaticnal) sway

amplirudes only.

1t seems reasomable that the displacement angle on the reting, dependent
as it is upon distance, cannot be the enly determinaut of the net compen~
satory sway. Higher order depth comstancy meclanisns must be involvad,
simitar te those For sizc and wotion comstaney. This is evident in a
nurmal Ly steuctured sucrowmd when Che Dody  sways in front of stacionary
ehivels st diFferent digtanecs. Here wenncalar and binocular depth cues,
s owel T oas mob ton parad s, way b oused to stzbilize pasture, The gein of
Cive moLur el bon in reactlon to a viseally sensed eway requires a precise
intersensory colibration based on all mechanisms subserving self-motion

perception.

For the validation of the hypothesis it must be shown thab its comscguenies

fit in with the concept. The postural consequences are @

(1) The body sway should increase wich increasing eyc—ob juct dislaneen,

(23 At larger eye-obieel distances nearby statiendry nbrucbuyes in Lhe
periphery should re-establish postural stabllily becawse 0L s vapoe
cially the retinal periphery which conteibutes to poibural bakelwie.

(3} lead tilc (by which the obeliths are brought vl ol their sptimal

h



working range) or additional disturbances of the scmatosensors (foam-
rubber) should emhance the swaying of the hody because the "false"

visual signal should be given a disproportionally greater influence.

As already indicated in 5.1. it is mnot to be axpected that the body sway
ipcreases linearly with increasing eye-object distance because of proprio-
ceptive interference. In chapter 4 it has been shown that imereasing the
tilt amplitude of the tilting rooms does net imply an increasing bedy sway,
also indicating & propricceptive interference. To the tilting rooms, how-
ever, the subjects were aware of the misleading character of the visuzl
stimulus which is not the case with the wvisual stimulation at larger eye-
object distances. Therefore the cubjects participating in the experiments
with the varving eye-object distances have been tested also in the tilting
roome (low frequencies) in ovder to conpare the proprioceptive interference

under both stimulus conditions.

5.2, APPARATUS AND RESULTS

5.2.1 FExperimental Set—up

The experimental set-up concarning the tilting veoms has been described in
4.2, In experiment 5.a with Tilting Room T (freq. 1/45 Hz ; ampl. {, 3.5,

5 and 10%) and in experiment 5.b with Tilting Roem [I (fxeq. 1/40 Hz ; ampl.
2, 4, B and 120) the stimulus lasted for ar least three periods, The sta-
bilometer has beon deecribed in 2.2.4. Tn the experiments to be described
also single and double layers of foamrubber (beight 10 em, s.g. 40 kg/m’)
were used, mounted on top of the stzbilometer and covered by a rigid plate.
Creation of wvarious visual survoundings in which the only warying parancter

should be the distance, is very difficuli. In the present experimests Lhe

various eve-objoct distances were obtained ly a suftable pholee of the
baleonics of a bigh building (Reperiment 5.a) amd oo owndversity Tecture
fall by appropeiate D lueinabieon sl restricted visual Cield Cexporiment
.03, T wach conditlon the stabillopraas were roemsded Tor ooe miiale.

[E)

5.2.1 Analysing Methods

Espteyn (1573) classified his clinical material from direct cbservation of
the stabilograms. His findings were confirmed by a routine computerized
analysis using the Koot Mean 3quare (RMS} as 2 weasure of scability
{Kapteyn and Bles, 1976). Singe that #tudy mainly concerned patients
suffering from vestibular dysfunctions, the stabilograms showed predomi—
pantly low frequency components with high amplirtudes. 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. This makes the cheice of the RMS as 2 measutre of 'stabiiit}r in the
following experiments aceeprable. Of course, the RMS of the stabilograms
iz an avarage walue over a certain pericd. This makes it impossible to
relate the BMS directly bo the movements of the bead whieh means thot the
resolution A of the retins camnot be deterwined, However, if it is to be
shown that the movements of the heasd increase, it will be clear that this
can be concluded if an increase in the BMS is found.

The RMS was computad from the last 45 secoends of the one-minule recordings
in Experiment 5.a and from che last 40 seconds in Experimenl 5.0, From Lhe
stabilograms obtained in the tilting rooms the BMS was computed during the

second period in order to aveld pessible transilents.

5,3, LXVERIMENTS AN¥D RESULTS

5.%.1 Piloc Experiment : LEfects of vision, eye—object distnnce and head

posicicn an atability

Stabilonetry was performed at Frze stance on a balcony (Fourch [lovr)
under four different visual stimulus conditions which were prescnted ol
random : {a) eves closed ; (B) eyes open, eve—object distance Lo 5 (o)
evoe open, eye-object distance v 200 m, restriction of Lhe wisual Yicld
to 75" by use of an inverted funnel attached to tho head 3 (d) eyes opan,
eye-object distance " 200 m, [ull visual Ficld with stationary cenlrascs

in the nearby periphery (walls, velling and balusbCrade).
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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. 5.7 it

can be sesn that in condition (e} 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 {d) Is more stable than {¢) must be the result of the contri-
bution of peripheral vision, when nearby staticnary objeckts serve as a

frame for spatial orientation. However, in coundition (c) subjects cometimes
reported anxiety to fall over (probably because the stabilometer was placed
just behind the baluscrade), which makes it difficult to separate the wviswal
factors from pessible psychological facters that imfluence postural stabili-
zation. Therefore, in the other experiments care was taken to avoid these
unwanted influences as nmuch as possible by positioning the gtabilomerer

1.5 m kehind the balustrade.

Another point of interest are the rather marked interindividuzl differences.
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Fig. §.3. hoot-Mean-Square values of lateral and forcaft stabilograma
vecorded during upward or downward inclination of tho head
30°% out of the nermal poesivivn {normal head positien ¢ ™ 15
rilted forward). The four subjecks were scanding with the
eyes clesad both wighout [x) and with ome layew (o} of [oam-
rubber an top of the stabilometer.
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he influence of the head position relative to the pravitational vector
was measured with eyes closed because with eyes open effects ave contaml-

nated by additional changes of visual cues.

A can be sean in Fig. 5.3 upward or downward inelination of the head
apyproximately 30° out of the normal posicion affects the Dody sway at
least in the foreaft digection. Grabilization is best with the otoliths in

— 8 . .
gheir normal working position (aormal head positlon : w15 tilted forward).

5.3.2 Experiment 5.a 3 Lateral body sway ab various eye~object distances

(0,5 to 200 mj, influence of peripheral vision and proprioceptive

interference

aiyx healthy subijects (4 male, 2 female, age 21-24) participated in this
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experiment. They first were tested in Tilting Room [ while standing bath
with and without foamrubber, ko check the propricceptive Interference
during visual destabilization (tilt Ereq. 1/45 liz ; ampl. I, 3.5, 5 and
t0%). All subjects completed the tests, includimg the conditions with two

layers of foamrubber.

The results in Fig. 5.6 show that instabilicy of the left/right stabilogram
without foamrubber is not increasing very much despite the incieasing
amplitude of the room tilt. With foamrubber a certain level of the RMS
value (indicating propricceptive interference) is resached already at an
smplitude of 3.5% of voom tilt. With twe layers of foamrubber this cecurs
at a higher level, as was to be egpected. The rather large standard
deviations are partly a result of the interindividual differences which
wili be discussed later. The fact that the RMS asymptotes a certain level

despite the increase of the smplitude of Tilting Room 1, must be sxplained
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by the interference of the propricceptive system.

gubsequently by positioning the stabilometer on the balconies of a high
building, it was possible to vary rhe distance between the aye and the
visible surroundings from D.5, 25, 75 to 200 m if the subjects had a
funnel (restricting visual field te 75°%) atrached co their head. In each
condition six stabilograms were recorded {na, one or two layers of foam-
rubber on the stabilometer ; with or without funnel). A& stabilogram of

the subjects having their eyes closed was messured as well. It must be
emphasized that the experimenial canditions were not optimal becsuse ehe
visual scenery was different under the four test sonditions, and, although
the measurements weres performed on a sunny afternoon, there was a gentle

breeze all the time.

It can be seen in Fig, 5.5 that the instability ie already maximal at an
aye-object distance of 25 m. No significant difference between tine RM3
values For the different test conditions obtained at 25, 75 and 200 m
could be established. This is also the case when paripharal vision is
present. However, the RMS leveis of imstability obtained with peripheral
vision (under the eonditiens with foamrubber) are below the levels found
wichout peripheral vision {p < 0.01)., This implies that the influence of
peripheral vision on postural balance Ls very important : the influence
of the propricceptive system must be plaving z rele of minor importance
relative to vision in these conditions hocause the lastability uvnder these
conditions inereases with exclusion of peripheral vision. Without foam-
rubber no difference batween the conditlons with or without the presence
of nearby stationary comtours in the periphery of the visual field could
be established wnich implies that thers the proprieceptive system is
adequate to keep proper balance although the vieual informatien is mis=
leading.

The BM& of the stabilogram cbtained in the "iyes-closed” condition is of
the same arder of magnitude as the IME cbtained with eye-object distances

of at loast 25 m withour peripheral vision.
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The rpather large standsrd deviations are partly result of the interindiwid-
ual differences. Ranmking the subjects according to the RMS in both the bal
cony 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 somz problems ansolved. One might ask whether the
inetability at eye-object distances of more rhan 25 n may be the result of
wind or perhaps height~fear although the subjects were unavare of it since
ne height vercigo was reported.

Another point to be noted is that the instabiliry is already maximal at

75 m but the exact saturation point has not baen found, Apart from these
points no tilting room data about the foreaft sway are avallable which
leaves open the question as te whether the hypothesis is also true fer the

foreafc body sway.

5.3.3 Experimeat 5.h. Lateral and foreaft body sway at various distances

(0.3 to 25 m) and proprioceptive interference

Six healthy subjects (4 male, Z female, age 20-42) parkicipated in this
experiment .

First they were tested with foreafc and lateral optin tilt Lo Tilting

koom TT both with and without Foamrubber. Thesc tests were presénted in
random order.

The results are shown in Vip. 5.6, IC is ivteresting to note that che
subjects are much mere sengitive to the foveaft than to the lateral tile.
There is a remarkable discroepancy with the pesakls of Hsperiment b.a
Although the BMS of the stabilograms abrained with one layer of Foomrubber
with Tilting Room LI is less than thust found in Bxperimcat 5.a, the sub=
jects could mot perform the test on double foaprubber. Most of che subjects
preferved to have some assistance available even with one layer of feam-
rubber because they felt ancertain and sometimes experienced vertige, An
explanation might be that in Tilting Roeom 1T the subjects could ot just get

off the stabilometer as with Tilting Room I because in Tilting Room 11 they
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) lateral and foreaft stabilagrawms, Botl the luteral and
the foreaft stabilograms were cesorded during lateral
and Foreaft sinuseidal mewvement respesl‘.iuely of
rilting Reom TT Campl. 2, &, 8 and 12 ; frea. 1/40 Hz).
The sip sobjects were standing both without {x) and
with (o} foamrubber on tep of the stabilometer.

would not step down on the stable floor but cather onto the floor of the
tilting device itself which certaioly would not facilitate stability.
Thera is no raason to suppose a differemce between the two groups of sub-
jects. The most likely explanation is that Tilting Room I¥ ie much more

"real” vhich causes a shift in the sensory weight in favour of visicn.

whe Tilting Room 1T ewperiment was followed by a move matural stimuius

situation for testing the influence of the distance below 25 m under

fstatie" comditions. In this experiment a umiversity lecture hall was used

to provide different eye—ohjeet distances, tlus el iminating the possibliity

of wind influencing the results. By a suitable choice of the illemination
Cilfaminaed bockwnlt) and the use of an adapted fianel the eye-object

distanee could be virled up to 25 w. The distances in the hecture hall at

wliicly (he sLabilograms were revorded were 0.5, 2.5, 5, 10, 15, 20 and 25 m

in the sequetee 15, 10, 5, 2.5, 0.5, 25, 20 n, and 15 m once more as a

chuck, The eyes—closed condition was tested ss well. These measurensnts
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were performed with the stabilemeter without, with single and with double
Feamrubber layers. As a check these six subjects were also tested et the

75 m condition of Expuriment Soa.

Fig. 5.7 shows the results. Here toe it is found that the instability of

the Foreafr sway is greater than of the left-right sway. The results



comfirm the findings of Experiment 5.a hecguse the RS of the stabilopgrams
in the lecture hall at an eye-abject distance of at least 5 m is of the
same order of msgnitude as the RMS obtaimed at the 75 m condition on the
balecony.

1t is noteworthy that postural instability was found to be maximal at a
distance of only 5 m. This means that at larger distances vision does not
contribute to poscural stabilization. However, it does not play a really
destabilizing role because the BMS obtained under the eyes—closed condition
has about the same value as those obtained under conditions with eye-object
distances exceeding 5 m. Furthermere tbhe results of Eerriment 5.1 confirm
those of Experiment 5.a concerning the order of magoitude of the RMS in the

left-right stabilopgram,
5.4 DISCUSSTON

The results of Experiment 5.a with Tilting Boom L reveal a level of
aroprioceptive interference wiich is relatively independent of the increas—
ing amplitude of the sinuscidal tilt. Ho vertigo was experienced by the
subjects indicaring that these stimulus conditions were not particularly
stressful. It must be emphasized that despite the fact that the subjects
knew about the tilting of the room, the body sway is influenced by the
stimulus, most claarly when. the subjects are standing on foamrubber.
Experiment 5,b using feoasrubber in Tilting Room IT 4id not reveal a clear
level of propriccaptive interference. However, in this experiment some of
the subjects reported vertige. It happened several times that a complate
logs of orientarion cccurred inducing a sudden onser of vasovegetative
symptems, lasting for several seronds. All subjects reported that this

part of the experiment was exerting and rather unpieasant. The behaviour
of these subjects on foamrubber is in fact rthe same as that patients with
vestihular lesions or post—eoncussicnal dizziness showed with Tilting

Roowm I wichout foamrubber {(Bles et al., 1977 ; Bles, 1977 ; cf. chapterv 6},
although te a lesser excent, With these patients having difficulties with
intepgration of the sensory infermation it was found chat the greatest

gensory weight was placed on visien and not on propricception. The
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conclusion to be drawn from the tilting room experimenis is that the more
aatural the optic stimolus, the wore sensory weight is given to vision .
This explains why the subjects had ko exert themselves under the conditions
without and with single Foamrubber and could not perform the test on double
foamrubber. So when the integration iz difficule, either as a result of
strong conflicting sensory information or as z result of pathology, most
sensary weight is attribuved to wigion. This conclusion also fiks in with
earlier results obtained with the slanting ships cabin (de Wit, 1%73) and
the behaviour of the subjects tiving in a tilting environment (Kitahsra and
Uno, 1967)- see also Fisehof (1974).

The experiments 3.a and 5.b support the hypothesis that increasing ey=-
ebject distances are asseciated with a measurable postural imbalance. With
evye-object distances of more than 5 m vision dees not play a rele in
postural stabilization. The "static” stimulus conditions of large eye—
object distances will net destabilize pesrure to falling per se because of
the redundancy in the control system. The lack of appropriate visual input

is widely compensated for by the sowatoreceptors and labyrinths.

The cxperiments degcribed go far may explain the physinlogical mechanisy

of height vertigu. If, for any reason, much sensory weight is attributed

to wisien, this may resule i scricus problems ta maintaining cthe wpright
pasition under couditivas vhere height vertigo might occur becaust b

wigeal information under bhose coditions is in fact false. Therefore
patients wikh wvestibulay or somatascosory dvsiunciions {e.g. polyneoropathiy)
are subjected Lo a particularly greater Finl when ewposed to sech slluations.

Because the postural Lubaviour In the Lilting roow oxperiments i b

axperiments with the varying eye-objort distances wis subject dependent, LU
ie expacted that sublecis wxperienciog diflicnltics fir Lhe cileing room,

will also have difficulties in stabiliaing poslure when thiv eriticnl eye-
object distance is excecdad.

As already indicated this would akgo be Lrue for subjeets with vestibular
1esions and this therefore explains why Poginy {1958} found se many of

sush subjects ameng his poputacion of suffercrs from height wvertige.
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it is also possible that height vertige in healthy subjects is induced tao

by the intersensory conflict between vision and propricceptive system at

large eye-object distance. A necsssary condition in that case iz that meost
gengory waight is contributed by vision. As has been Found in the
experiments this is not the case! vision does not destabilize posture; the
propriceeptive system interferes adequnately. However, saveral arguments
can be pﬁt forward that in height vertige circumstances a ghift of the
sensory weight in faveur of vision occurs indeed.

(1) In height verfigo circumstances the subjeect usually leoks downward
with tilred head. From the pilot experiment it is seen that this
influences stability. Moreover, if the otoliths are net in the ideal
position, because of head tilt, the censory weight of the crtaliths
decreases im favour of vision as found by Dichgans et al. (1974).

(2) It has been argued in discussiag the results of the tilting room
gxperiments that the natural character of the optic stimulus leads Eo
a0 ineresse of the sensory weight contributed by vigion, but this
certainly holds for helght vertigo circumstances; for in that case the
optic stimulus is far from artificial.

(1) Additional disturbancas 1ikes wind or an unstable foot support may alzo
result in a shift in faveur of visienm. Subjects are apt Lo use

especially the visual informacion in problematic cireumstances.

1f the argument ig trus that beight vectigoe is based en a visual destabili-

zation nf free stance when the eye—object distance becomes eritically large,

the pereeptual consequences must fit in with the concept as well. These

consequences Are

(1) The occurrence of height vertigo should be related to body position.
Height vertige should be savimal with upright stance (because the head
sway Ls maximal in that pesition so Just then the coaflice can be
induced) and minimal in lying pesitien {minimal head movement; mo
conflict). This was Found to be the case indeed (Brand:t et al., 1978)
and although the results might have been contaminated by height fear,
the results are mot conflicting with the hypothesis.

(2) Height verripo shoueld be induced by downward or upward gizZe {identical
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(3)

The
can

L

(2)

(33

visual comdiltion) hecause 1E should be the distance rather than the
pavee Giveetion Lhot is eritiecal,

Puidepee wis obtained that this ls the case indeed (Rrandt et al.,
Yy,

Tebpht vertigo should zppear at a distance of about: 5 m, should
ineronse with incressing distance (Fig, 3.1}, and saturate at a hnelght
below 15-206 m,

Using 2 magnitude estimatbion rechnique it was found that the subjective
height vertigo was not significantly different at heights of 20, 60

or 100 m respectively (Brandt et al., 1979},

preseat posturegraphic data suggest that induction of helght vertigo
be minimized by ¢

sdjustment of the head to the gravitational vector when looking down,
cince head kil reduces postural seability as found in the pilot study.
Providing visible nzarby cues in the periphery of the wvisual field,
gince nearby stationary contours provide peripheral vision with the
necessary information to svabilize posture. This is shown in ewpariment
S.a in uhich the HMS levels determined in the "peripheral vision-foam~
rubber” gonditione are the levels of visual interference. Thig is true
because with exclusion of peripheral wisien the instability incresges
significantly up to the level of proprioceptive interference.

Without Foemrubber no difference in stability could be established
indicating that the level of the proprioceptive interfersnce here is
lower tham that of peripheral vision. In the conditions without foam-
rubber and with peripheral vision thers i¢ no chance that a perceptusl
conflicr arises because, with the nearby staticnary contours in the
visible periphery, body movenment is detected hy both proprisceprion
and wiston,

Avoiding of free stance under conditions where height vortips aight
acour as the vertipo is primarily due to the induced body sway. L

the subject is lying down imcongruity of the proprioceptive and visual

information canmot be induced.
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CHAPIER &

THE TILTING ROCHM AS A CLINICAL TOOL

Framprarly

7t 1 found that with paitents sufferiny fram post-*con.:mss-*alc:.rnai It-f-i.--.,-; ETI
the censory weight attributed by vision in spatial orientaiton ti v
donally large, resulting in on Opiie Suay of large ompiitudes. It fa clizenii=

od that the tiltiag voom might be & suttable devise fo obfectify the oubject-

iv¢ post-concussional syndrom. It e aleo ghown that in apatial orvientaiion
and postural econtrol patients davoid of vestibnlar Jfuaction re ly koo far
greater ectent on viston inetead of on the somatosensory information.

6,1, INTRODUCTLON

1n the experiments described so far only healthy subjects participated. It
was the well Functioning cemtral nervous system which had to cope with
experimentally induced incongruity of the sensory informaticn. The gquestion
of how an improperly functioning CNS, which is probable with patieats
suffering from post-concussional dizziness, deals with incongruent sensory
Tafornation will be discussed in 6.2.

The question of how, with patigputs devoid of vestibular function, in case
of incongruity of the semsory iaformation, the CNS relies on vision aod Lhe

somatogensory systom will be discussed in 6.3,

6.2, Post—Conenssional Dizzinese and the Tl Boon

Papple who sulfor fpom Ui abber el feels O o s boay il T e bain
aboutl dizziness fovos boap Clme (lowd G snecapd B Lo TE Mol B JUALE
e Wl e weal b by dyetane ion v e showe. Pheist aommpboaint cond P s
cyen b Lhe ease that odber sympboes Pilie Bwendache vamev e lative
fstabidity have disappearcd o lave Lenained considerahly, Usually these

M

s St ", . Py
B e T T et

e ——a

e 0 L Sl e s

Fig, .1, Representativa exsmples of Optic 4way recordings.

A, Healthy sebieet withouwt Eoamrubber on zop of the stabilumeter.

#. Uealrchy subject with fogmrubber on Lup of fhe ztabilomelfer.

¢, Patient deveid of vestibular tunetivaing, withour foamrabler.

. Patient suffering Erom post—concussisnnl divwiness, wilhtol

fosmrubber.

complaints about dizzipess are most sevieus when Cthere are severe and ab rupl
cliarges in the scenery of the patient's surroundings, e.g. when he i¢ wallking
in g busy street. Dizziness also occcurs if the equilibrium system iz greatly
strained, e.g. when elimbing a winding staivease.
Stabilomerric investigations revealed that sufferers from post-concusslonal
dizzinesy as a group show & sipnifieantly greater imstability than a control
group of heatthy subjects {Kapteyn, 1973 ; Kapteyn and Bles, [976), but thls
instabil ity was not of such magmitude that it was possible te use the routine
stabidopram a8 a declsive factor for the diagnosis. Obviously, chese patients
have adapted to every-day situations in which the sensory information of the

different zensory systems can be bandled reasenably well.

There was an opportunity to ezamine ten patients suffering from post-roncuss-
jomal dizziness in the tilting rooms, They were examined more than half a
year aftey the congussion took place. Ewven without foamrubber with these
patients sinuscidal movement of the rocm {ampl. 52 freq. L/68-1/5 Hz)
resulted in larpe Opfic Sways with amplitudes exceeding 20 mm.

several times, howsver, the subjects had te be supported during the tests

which makes a computer anslysis not meaninmfuli. Moreover, sometimes the test
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nad to be stopped prematurily because of the induced vasovegetative
instability,

fhree patients reported to have stced wpright although they showad &n Uptic
sway with amplitudes of over 20 mm, which is rather large as compared with
the amplitudes shown by healchy subjects. Three ocher patients experienc ed
pure roll veetion, reporting that iustead of the room the platform was
moving, whieh resulted in Optie Sways of ssch amplitudes that they somatimas
needed support. The other four patients had a miwxed experience (both plat-
form and room moving) resulting im large Optic Sways. & recording of the
tateral stabilogram of a patient experiencing roll vection is shown in

Fig. 6.1. These findings make clear that these patients mainly rely too much
on visien, imdicating that the senseory welght of vision in the intagration of
the sensory informaticon i1s dominant over the sersory weipht of the semata-

Sensory &ystom.

0f course, it is impossible te relate the posiural belaviovr of these
particular patients to specific lesions Lo the central nearal structures
since the lesions in these pablents are oot koown. Bob, in view of the
filndings of Ampleax and Hevin (1073) ghat it is especially the brainstem
which iy very vuloerable in casc of concussion, it is highly probable that
this aberrant sestural beliwiours is due to on incegravion problem, se Lo a
leeion in che brainsten roglons. This would confirm the findings of Vedreane
and Chodliowics (19753 whe, with autopsics aftor skull injuries, found in
the brainsten wacreseopic Joslens in 657 and nicroseopic kegions in 937 of

all (LBT) cases.

£.3. Vestibular Defliciency ilting Room

There was o possibility b cxowine ip vie cilting rooms twe pacients dewoid
of labyriathine Fouction coused by o bazal neningitis. They showed no
vespose o calorle Decignlion mud rotatory movement. They also showed oo
Goriolis—eUTecl aud 81 tarned out te be impossible te induce Pseudo-Corielis

affocts cicher (in nccordance with rhe findings of Dichgans and Brandt (1973). !
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Submitied ko the simuscidally moviag tilting reom they experienced & pure
roll vection {'the platform is moving'). Whem convinced that the platiorm
was staticnary and that it was ooly the room that moved, they scill could
not resist the induced Optic Sway slihough the magnitude was not equally
impressive (see Fig. 6.1.). However, by abruptly changing the frequency of
rhe sinugoidal moverment, it appeared to be sasy to overthrow these patients.
Apparently they have serious preblems in maintaining balance in the tilting
room heczuse they rely too much on visicn instead of on the scmatoyeceptors.
The predominance of visien over the somatcsensory system Ls sbown in Che
{cemi-)static tests as well by one of these two subjects im Tilting HReoon iL
{from the other patient unfortumately no data ars available}. Fig. A.1A.
shows that the somatosensory information itself is adequate For ad justing
the platform to the horizontal position (which is done temarkably well,
compared te the performance of the haalehy subjecks), whereas vision owver-
rules the somatosensory information completely (Fip. 6.2, B and C).

The SV indication in the static tilt experimest iz also shown to be heavily
dependent on visien (Fig. 6.3.). This last test reveals chat the parameter o

(see equation (13 inm 4.4.) could be a visue—vestibular welpght ratio indeed.

6.4. Conclusion

A patient suffering from post—concussional dizziness s in many cases,
because of his dizziness, not fit te resume his work. Many times such &
patient is suspect of aggravation especially wien he is found te have
normally functioning vestibular apparatus and when ne further ohjective
phenomena are present Lhat tould explain his dizziness.

Terhaps the above described "Optic $way Test", an examination of especially
the inteprator of the sensory information, can be used to objecrify their

complaints.

Concerning the patients devaid of labyrinthine functieaming, it should be
naticed that the "Oplic Sway Test" is of course mot the appropriate

examination method of the vestibular furction per se : for that purpose the
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vastibulo-ocular examination mechods as developed and propagated by a.o.
Jonpgkees (1969, 1974) and Oosterveld et al. §1972) should be used.
However, pesturography in combination with the tilting room is an effective
tool to ohjectify the troubles a patient with vestipular deficiency will

experience when confromced with misleading sensory information.

Ao importaant resulf of the "Optic Bway Test! described above is the large
sensory weight contributed by vigion, even when the patients are aware of
the faet that the optic stimulus is misleading. Ac stated already in 5.4,
these patients are subjected to a higher risk when axpased Co situations
in which they are not aware of the nisleading character of the aptic stimu-

lus {cf. the discussion about height vertige in 5.4.).
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SUMMARY AND CONCLUSIONS

SUMMARY
Y,o... Alg prinzipielle Voraussetzung fiir das Studium vestibularer Effekre
gehbren passive Rotationen. Alle aktiven Drebbewepungen sind glatt zu
verwerfen....". in the present study this statement from Fischer and Wodak
(19247 is literally trodden under feet.

Tt is true indeed thar by stepping around (active rotakion) the vestibular
reflexes and sensacions differ from reactions induced by passive rotatiens.

Tn chapter | it has been tried to explain these discrepancies by experiments
which show that the scmatosansory system involved in atepping areund plays

a role similar to visien. Rotaticn of the visiple gurroundings around a
stationary subject invarisbly leads to a sensation of self-motion ; 2 simi-
lar sensation can be induced by apparent srepping arcund {(which is possible
by stepping ercund in davkness ona rotating platform in such a way thac che
spatial position does not change). The sensation induced by apparent stepping
around cannot be distinguished from the sensation induced by real stepping
around. It alse turne¢ cut to be possible to induce nystagmus and Coriolis-
like effects during apparent stepping around suggesting that the somato—
sensory-vestibutar intevactions are analogous Lo the visuc-vestibular imrex-=
actiona,

In chapter 2 the influence on posture is discussed of semicircular cunal
stipmlation (by means of calorie irrigation and by active or passive cotation)
and corresponding visnal stimulation. I& s found that there exists a relation
berween bedy torsion and sensation of rotation on the one hand and- lacere=
pulsion and aystagius on Lhe obher hanrd, lere teo the somatosensory infor—
mation i importast because the direction of the nystagmus and the sensation
of rotaticn were sometimes found to be differenc, for iastance during calerice
jrrigation of standing subjecks.

Apart [rom the sensory interactipns during votacions, similar intersetions
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are koown for linmesr movements {e.g. the apparent departure of the own train
vhen the neighbouring train leaves). In this case, heowever, the otoliths are
also invalwved.

In the present study the interactions between vision and otoliths are studied
by varying the optical wvertical relative to the direction of the gravita=
rionmal vector by means of a tilking room. In chapter 4 the influence of
stacicnary cilt of the tilting room en the perception of the vertical and om
standing upright has been under investigation. Tt appears that the subjective
vertical in subjests standing upright is mainly determined by the visual and
vestibular informatbion being independent of the positien or vigidity of the
foot support. Statie room tilt has a stight influence on posture, but
stability is not affected, With a sinusoidal movement of the tilting room
{Lateral or foreaft) a sinuseidal boldy movement is induced (to be called
"Optic Sway'], without the subject being aware of this. Wlien the somatosen=
sory svetem iz made less effective by positiening the subjeccs on feamrubber,
the vensory weipght given to vision Is enhanced cousiderably resuleing 1n an
increase of the Optic Sway, The Optie Sway a6 a function of ampl itude and
frequency of the sinusoidally moving tllting roon has been investigated
systematically.

As a preiude to thege investigations an uxpeciment has been described in
chapter 3 with continuous roll motion of the visual surround about 2
saglictal axis ac eye-level.

Visual detection of head displacemenc is dependent ou the distance between
the eves snd stationary cbiects in the visible surround because of che
limited resolution of the retina. By means of stabilometry the postural
atability zs a function of the eye-cbject distance has been investigated,

It has been found that at eye—object distamces of over 3 m vision does no
longer eontribuce to postural stabilimation, These experiments, togethar
with Che puasible consequences for the helight vertigo mechanism, are

didenssed in chaptor 5.
|

Finbly in elapler 6 L resalls are given of preliminary experiments done
o the CidLing ronm wich patients sulflering from posi-concussional dizzeless
amd palients dovoid of Lhe vostibolar fanebion, Tt appearesl in these Lesls
it these patients rely booa eonsidevable extenl en vision.

Alse as a result of this study it cen be said thar as an auxiliary to the
olassical vestibular examination methods posturcgraphy can be spplied In

the cliniec (Kapteyn and de Wiz, 197¢ ; Polkerts et al., 1573 ; Gagey, 12777,

Becausa hardly ever the same subjects pecticipated in the diFferent experi-
ments of this study, the various aspects of sensory interactions are not
synthesized into one model. With a view go the interindividual differences
measured under the various fest conditions and to the systematically
divergent behaviour of certain patients it would seen recommendable to lay
in further studies more weight on the inter-relations bebween the various
tests so as Lo obtala a better insight into the physiology and patho-

physiclogy of the equilibriuwn wechanism as a wholae.
CONCLUSION

In the present study it Is shown that the infeormation of the vestibular
system, the visual system as well as the somarosenory system is equally
significant for keeping balance and keeping a proper orientation. For an
adequate spatial orientation it is of primary {mportance that the informa-
tion of these three sensors is weighed and integrated properly.

Dicrzimess being due to a dysfuaction in this integratien, either by n
unadequately functioning of the sensors or by = dysfunction of the irtepration
cenbre icsclf, the Following sugpestion presents itself. With patients wilh
dizziness complaints (ineluding height vertigo and motion sicknoss) it aould
be of advanlage if in addition to the classical examination of the vestibatar
system abtention is prid also to the functioning of the entiwe el Libe Lum

system. Subtable Lests for chis purpose are presented in Lhis alwdy.
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SAMENVATTING EN CONCLUSIES

SAMENVATTING

" ... Als prinzipielle Voraussetzung fir das Studivm vestibularer Effskte
gehdren passive Rotatiomen. Alle aktiven Drehbewegungen sind glatt zu
vepwarfen...". Deze apvatting van Fischer en Wodak {1924) wordt in de onder-
havige studie letterlijk met voeten getreden.

Inderdaad blijken door rondstappen (aktieve rotatie) de vestibulaire reflexen
¢n sansaties af te wijken van doer passieve rotatie geinduceerde reacties.

In hoofdstuk 1 wordt een verklaring voor deze discrepanties gezocht door
widdel van experimenten die laten nicn dat het sumatesensorische systzem ge=
favolveerd in roadstappen een rol speelt analoog aan die van het visuele
systeem. Drasien van de ziehtbare omgeving rond cen zich niet bewegend per—
soon induceert onveranderlijlk een censatie van self ce draaien ; dit blijke
ook het peval te zijn bij sriuulabie van uibtsluitend de fomatosensoren doot
schijobaar rond te stappen (hebgeen gebeurt door in het demker op een draaiend
platform te Lopen zouder dat de ruimtelijke positie zich wijzigt). De op deze
wijze opgeroepen bewegingssensarie biijkt niet te verschillen van de sensatie
dia optreedt bij echt rondstappst. Tijdens schijnbaar rondstappen blijken ook
nystagmus en Coriolisachtige effecten geinduceerd te kunnen worden hetgeen
plait voor interacties tussen het somatosensorische en hel vestibulaire
systeem analoog aan die van het visuele en het vestibulaire systeem,

In heofdsbuk 2 wordt de invlioed van stimulatie van ge horizontazle half-
cirkelvormige kanalen (d.m.v ealorisatie en aktleve en passieve rotatie) en
overeenkomstige visuele stimulatie op het #oudingsevenwicht besproken, Het
blijkt dat de torsie vaun het 1ichaam en de draaisensatie als ook de latero-
pulsie en de nystagmus aan elkaar gelkoppeld zijn. Dat ook bi] deze proeven de
somatosensorische informatie eem rol speelt biijkt b.v. uit her verschil

in riehting ven de draaisensstic bij calerisatie tijdens staan of zitten.
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Behalve de boven beschreven interacties bij rotaties, treden scortgeli jke
interacties ool ep bij rechtlijnige bewegingen (b.v. hat vermeende verctrek
yan de eigen trein wanmeser sen ernmaast staande trein vertrekt). Hierbij
zullen echter ook de otolieten sen rol speism,

In de huidige studie worden de interacties van de otolieten en het visuele
systaen bestudeerd met een andere methodiek nl, het wijzigen van de optische
vertilaal ten opzichte wvan de zwasrtekracht doo¥ middel van een kantelkamer.
In hoofdstuk & wordt de invloed van stationaire schegfstand van de kantel-
kamer op de waarneming van de vertikasl en op het houd ingsevenwicht onder-
zachr. Het blijkt dat de subjectieve vertikaal bepaald wordt door de visuele
an vestibulaire informatie sn onefhenkeiijk is van de positie of de stijf-
heid van het grondvliak waar de preefipersonen op staan. Stationaire scheef-
stand beeft een geringe inviced op de bouding, maar de gtabiliteitr wordt niet
aangetast. Wannear de kamer sinusvormig baweegt (voor-achterwsarts of zij-
waarts) dan wordt eea sinusvormige beweging van het liechaam gelnduceerd
{zgn. "Opric Sway") zonder dat de preefperscon zich dat bewust ia. Werd:t de
somatosensorische informatie minder effectiefl gemaakt door de proefpersocon
ap schulmrubber te plaatsen dan blijk: de invlesd wvan de vwisusle infermatie
op de Optic Sway aansienlijk proter te zijn. De Optic Sway als functie vao
amplivude en frequentie wvan de sinusvormig kantelende kamer is systematisch
onderrocht .

Als preludium op deze eyperimenten wordt in hoofdetuk 3 een ewperiment
beschreven waarbii de visuele omgeving volledig draaide om een sagittale

as op oophocgte.

Wamneer de afstand van de ogen tob skationaire objecten in de visuels om—
geving Loenesmt, zal,ren pevolge van het beprensde oplossend vermogen van de
reting, de verplaatsing van het hoold steeds groter moelernn werden om deze
vorplaars inp ook visveel wior Lo nemen. g lovioed wan toenemende sog—object
afstand op Let howdings-evenwicht is domv, de stabtlometrie onderzochi
wanrbij pevenden werd dal bij abstaudon van meern dany 5 meter het visuele
sysbeom geen bijdrage meer levers aan et Diond inps—cyenwieht. Quze vxperi=
MEnLEn, somen et de mogpeLijke conseguentics ep het aohicd wan de hwogptoe-

vress, worden bediscussicerd in oo Fdstal 5.
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Tenslotte worden in hoofdstuk 6 enige resultaten besproken van experimenten
in de kantelkamer met patientsn lijdend aan post-commotionele duizeligheid
en patienten zonder vestibulaire functie. Het opvallende bij deze tests was
dat deze patienten zeer vesl waarde hechten asn de visuele infermatie.

Mede op grond van dezme studie Runmen we stellen dal naast evenwichisondar—
z0ek met de klassieke methodieken {Qosterveld et al., 1972}

ook van de posturografie nuttig gebruik gemaakt han worden in de klinisk
(Kapteyn en de Wit, 1972 ; Folkerts et al., 1973 ; Cagey, 1977).

Azngezien meestal met verschillende proafpersonen gewerkt werd voor de

verschillende onderdelen van deze studie is een modelmacige benadering van

alle beschreven aspecten van zintuigelijke interacties tesamen niet toegepast.

Cezien de inrerindividuele verschiilen gemeten in de diyerse testcondities

en het systematisch afwijkende gedrap wan bepaaldes patienten, verdient het de

aanbeveling in een verders studie meer nadruk op de dwarsverbanden tussen de
verschillende tests te leggen teneinde meer inzicht te lrijpgen in de
fysiologie en de pathofysicologie van het evenwichtsmechaniswe ian zijn

totaliteit,

CONCLUSIES

Uit de onderhavige studie BH1ijkt dat zowel wvoer wak betreft hot bewaren van
het houdingscwenwicht als ook voor wat betreft de ruimtelijke waarneming, de
informatie zowel van het sematosensorische, het viswele als het vestibulaire
systeem van grote betekenis is. Voor ecen adequate ruiptelijke orientatie is
het dorhalve vin wexenliik belang dat de informalic wit te verschilleade
kanaten op de juiste wijze pewopen on geintepueend wordi.

dangezien duizcligheid wijst op cen dysfunclic wan dese luteprabie 80 door-
dat de receprtoren nict adoguart functioneren (dab wel misleidende inloomatic
aanpeboden krijpen) Of dovrdst hut Dntepratiosysteem zell pgestoord s, z2al
men bil patiencer per dufzeliphoeidsklaochien {mel inbeprip van bewegings—
zickton en hoogtevress) nasc het klassieke vestibuloire ondursuek

pok #iin voordeel kwnen doen met onderzoek dat meer gericht s op de swume-

working van deze zintuipsystemen. Hiertoe geeipende tests zijn in deze studie

beschroven.
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