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SUMMARY PAGE 

THE PROBLEM 

To determine the influence of the otolith organs on visual localization of the 

horizontal during nineteen positions of body tilt within ±90 degrees of gravita¬ 

tional vertical. 

FINDINGS 

The mean constant and variable errors shown by a group of fifteen normal per¬ 

sons and a group of ten deaf subjects with bilateral labyrinthine defects were com¬ 

pared. High test-retest reliability was demonstrated for both groups. Although 

the general pattern of results was similar for the two groups, the labyrinthine-de¬ 

fective group was found to be more variable and manifested greater E- and A-effects 

in their settings in several of the tilt positions. A significantly larger E-effect 

was observed in those subjects (L-Ds) with little or no ocular counterroll. 



INTRODUCTION 

coJwredIT*SÂ'2) ,he ViS,U j lo.coli“,io" of “ 9™«P of normol sublets wo. 
compored with that of a group of dea, oersons with known bilateral labyrinthine 

- Uhrhe’wo'^LTd-^n ed 10 "I“''"'00" 10 «-o gravitational hari- 

verted hei ^ tZ ^ '“Tï ^ ^ ^ 3) ^ ^ At y ^ , the absence of visual reference cues, significant 

eric?^nrl 'dl!uerenCeS found SeW!n9S made when fhe s^|ect was in the 2HaS^.*s:^»sr- 
The present study, in which both normal and L-D subjects were also tested wa< 

o* To- ;nflur: !iih' r1^oraam °n '«ouzotion or rne Horizontal at 10° intervals of body ti t tlrouah 90° • Le. j 
non, t egravlMionai vertical, it i, w^i known ^Xe a^lVa 

Ë-ZnT^T zTT ’a bi“ in ‘»I' ond.rcompeniating0 iu fvenomenon) (,4)/ then overcompensating (A-phenomenon) fl) One theor!)9 
hat has been advanced lo explain at least «.rtially the caTe o tL F 1 ^ 

n the ocular count^lli^ refle» (7) caocTted with h^Tht! «TaTThaT" 
reflex ,s greatly ,uppr.«ed in L-D subits (9,, it was taken L occount in th^ 

PROCEDURE 

SUBJECTS 

Fifteen healthy male subjects ranging in age from 24 to 35 years formed fh* 
normal group; ten deaf subjects aged 20 to 47 years served n. Tu 

In addition to their deafness these latter «*¡«ts^d bltToltt.r''’0''"'’ 

completely, function of the semicircular canals and otolith organs (Table ¡To/ 
measured by caloric (3), atavia (4,5), and countenalli^ Æ, mllds 

apparatus 

The apparatus used for tilting a seated subject and measuring his visual îuda 

dT^Trr^rÍe0' te ^ °f ° ^i0US ^ detailed 

tilt^rr^nSÎSted0f 0 hyc,rau,îcal|y powered chair which could be 
tilted and held stationary in any given position within ±90° from gravitational 

uprig The sublet was secured in the chair with seat belt and shoulder harness 

1 
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f ' : 'r- of h!m, consisfed 
»uld rotatt the far8.t 0 ^^rcund. The !ub¡ecf 

of a knob provided at his righfhond A similor "l“'*0"'* center by means 
observer seafed behind the subject at fh- con^ was available to the 

circular pmtracfor scale readouts of the ' Th'S panel confa'ned 
chair which could be read within ±0 25 d#»9U ^ °f íhe far9ef and tî,f 
placed in o light ,i9h, A buzzer s^aTL dl'T* ,eS,‘n9 ^ "os 

Wton the fingertips by the deaf subîech oroi'd w ' ^°1 !ubi«h °"d 
between subject and observer. Prided all the necessary communication 

METHOD 

by an opaque 'patch. 6/6 WaS COver^ 

Mtew«.bÂ,C'7'redHWiîh!n ’•»^'iodricolteX” Th.'«mr ht ^ " °P' ? • furned off • The observer nt *u . , room ''Sbfs and target 

b1|,CT \he m,‘ °' oPPcoximotely I ^ ,h‘ 
^lra"tm!y iC,’edu,ed ‘»«'T Position. ,0, 0 * Í * I’S! nin*,een Pc-solected 
±80 , 90 degrees). After thi^ seconds'inh'-lfs ±3?'.140' *»• *«. *70, 
.Hum,not«, and the subfect was sign“".d ro m„Vj 'he ,ar9et »”> 
Iik setting the subject signalled the observe ^ ^s f|rst setting. Upon making 
offset the line (dlr.ctio„9and iogn'^^«.'r:^en ^ 0ff ,h«'“rge, light, 
light for subject's next setting. This oroced dom)' ,hen ,urned on the target 
were recorded. The subject was thenSTtlT ,en «»'"PS 
body position, which was in the opposite dlrlr 7°"/ r°nd°mly scheduled 
was alternated with the exceptional 4, d[?c,1lon-. I.eftward/fightward tilting 

fen trials was always upright for all svbÍcts^oTl"0"*"'’'" e°ch blocl< of 
OH subjects-tested by the same ^ 

RESULTS AND DISCUSSION 

~ b7--¡ofl^ (Spearman rank order, the 

-.io,, ^.pTfoTÄSreTtt 

for the vario“", ti^sittont ‘“‘’i'0'' “ "scosured 
1 and 2, respectively. At each tiltL<.V« *1 * * sess,°n) are shown in Figures 

three of the ten settings of each subj£ ‘ "T ,h' '!nt ,hre* °”d lost r c^' s- 
inasmuc a. fee mean setting at upright (Pain, of Wje/ti« 
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a basis for calculating the deviation of the mean setting of all other positions. 
This was done to eliminate any procedural or equipment bias that may have existed, 
for example, variations in the way the subject was secured in the tilt chair. The 
judgrnents of the normal group were typical for normal subjects (13) and revealed 
the characteristic A- and E-phenomena in fairly symmetrical fashion for the 
clockwise ( + ) and counterclockwise (-) direction of tilt. The maximum E-bias 
(4.6 to 8.4 degrees) occurred at the ± 30 to ± 50 degrees of tilt. Beyond this 
tilt the bias tended to reverse rather slowly and became an A-bias when the 
longitudinal axis of the body approached horizontal. 

The group of L-D subjects revealed the same general pattern of localization 
with bodily tilt, but their settings deviated more in the E- and A-directions than 
did those of the normal group. The variable error (standard deviation) of the set¬ 
tings tended to increase with increasing bodily tilt in both groups but to a greater 
extent in the L-D subjects, particularly when they were tilted toward their left 
side. In the L-D subjects significant changes in the constant and variable errors 
occurred in certain tilt positions within the time required to make ten settings and 
were observed in more positions of tilt and to a greater degree. At the top of 
Figures 1 and 2, the confidence (P) levels of the significant (P< .05) intergroup 
differences in the first three and last three settings are indicated above the corre¬ 
sponding degree of body tilt. Between the first (1-3) and last (8-10) three groups 
of measurements the number of positions of tilt at which significant intergroup dif¬ 
ferences in constant errors were seen increased from six to nine; for such differ¬ 
ences in variable error the number of positions increased from four to nine. 

The most likely explanation of the intergroup differences observed is that they 
represent principally the influence of the otolith organs, which appear to provide 
effective cues for visual localization since subjects without normally functioning 
otoliths were significantly less accurate (greater A- and E-deviations) and more 
variable in visual localization. However, visual localization is based also upon 
nonotolithic factors, which in certain body positions are as effective alone as in 
combination with those of otolithic origin. No significant intergroup differences 
were found in more than half the tilt positions within the 180-degree range tested, 
and, with few exceptions, the L-D subjects using primarily nonotolithic cues mani¬ 
fested a general pattern of response which was qualitatively similar to that of the 
normal subjects. Notable intergroup differences occurred with small (± 10°) and 
large (±80°, ±90°) angles of tilt, which is a finding consistent with other studies 
(11,12). These results indicate that when the L-D subject is tilted slightly from 
his usual upright position, the available cues impress an exaggerated sense of tilt, 
whereas at or near recumbency these cues lead to his underestimation of tilt. A 
visual localization task in positions near upright is now being explored as a simple 
means of differentiating normal and otolithic defective individuals. 

6 



Based upon recent visual localization studies carried out on normal individuals 

during weightlessness (6), the greater variability in settings shown by the L-D 

subjects in the present study probably reflects the interplay of the active non- 

ofolithic sensory inputs rather than a reduction in sensory information caused by 
the functional loss of the otolith organs. 

Although temporal changes in constant errors and in variable errors were found 

m the present study, further investigation of the visual localization of L-D subjects 

as a function of time duration at a given tilt position is required to define possible 

"adaptation" effects of nonotolithic receptors. When nonotolithic inputs are 

combined with vestibular (otolithic) information, as indicated by the settings of 

normal subjects, adaptation effects upon visual localization do not appear to 

occur in any typical pattern: The A-phenomenon may increase, decrease, or 

remain unchanged when observed during long periods in a tilted position (10, 14). 

In related studies (2, 15) it was shown that after a relatively short initial lag 

period following a sudden change in the magnitude as well as the direction of 

resultant force, the oculogravic illusion in normal subjects developed quickly to 

a peak and then underwent no systematic change during test periods up to four 

hours, whereas L-D subjects demonstrated only a gradual change in the illusion 

and required one-hour exposure to reach the magnitude shown by the normal 
subjects. 

The possible influence of ocular counterrolling on the E- and A-phenomena 

(Figures 3 and 4) is depicted by the average value of ocular counterrolling measured 

in nine of the normal and all of the L-D subjects of this study. If the E-phenom¬ 

enon were to be explained simply on the basis of ocular counterrolling and 

concomitant shift of the "horizontal retinal meridian," the pattern of counter¬ 

rolling should mirror the E-effect; i.e., sums of the two curves should equal 

zero in normal subjects (Figure 3) and, essentially, be absent in the L-D subjects 

(Figure 4). It is apparent from these data plots that such a simple explanation is 

invalid since not only is the patterning of these two responses different in subjects 

with normal counterrolling values, but their E-deviations are equalled or ex¬ 

ceeded by the L-D subjects. The elimination of the E-effect by manipulation of 

kinesthetic cues as reported for both normals and L-D subjects (16) demonstrates 
further the multiple basis of this visual phenomenon. 

7 
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Figure 3 

A comparison of counterrolling results and constant errors in visual horizontal 
localization of nine normal subjects as a function of body tilt within ±60° of 
gravitational vertical. 
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Figure 4 

A comparison of counterrolling results and constant errors in visual horizontal 

ocohzat.on of ten deaf subfects with bilateral labyrinthine defects as a function 
of body tilt w.thin i 60° of gravitational vertical. 
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