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SOME CHARACTERISTICS OF OPTOKINETIC EYE-MOVEMENT PATTERNS:
A COMPARATIVE STUDY

I. Problem.

Optokinetic nystagmus is an ocular reaction
which occurs when a series of moving objects
crosses the visual field, or when an observer
moves past a series of objects.®* The eyes in-
voluntarily track the visual stimulus to the edge
of the visual field or to the limit of comfortable
gaze, and then make a rapid corrective movement
in the opposite direction;® they then fixate on a
new stimulus, repeat the pattern of slow (fol-
lowing) and quick (return) movements, and
thereby generate an ocular nystagmus.?®' Pat-
terns of optokinetic nystagmus, although report-
edly noted as early as 1825 by Purkinje while
observing a crowd at a cavalry parade,’? have
long been associated with transportation; Helm-
holtz i1s cited as having mentioned in an 1866
article that the response was most readily seen
when objects were observed from a train in
motion.'? Indeed, one of the common terms used
to describe this response was “railroad nystag-
mus”;* 2 that term 1s still used although the same
phenomenon occurs In watching the external
world from moving airplanes, cars, and other
vehicles. The eye-movement pattern is similar
to that produced by head movements which
stimulate the vestibular system; in this case, the
pattern facilitates vision during ordinary earth-
bound activities, but can cause blurring of vision
during “pilot’s vertigo.”

In themselves, characteristics of optokinetic
nystagmus are of significance. Wolfe,®? for
example, reported that a steady drop (adapta-
tion) occurs in the following reaction of the
human eye from the first few seconds of optoki-

[

—

*The animals used for this experiment were lawfully
acquired and treated in accordance with the “Principles
of Laboratory Animal Care” issued by the Animal TFa-
cilities Standards Committee of the Animal Care Panel,
United States Department of Health, Education, and
Welfare, Public Health Service, March 1963.

netlc stimulation throughout a 80-sec stimulus
period. If so, the eye, within this short a period
of time, would track at slower and slower ve-
locities. In addition, certain types of work have
been reported to produce an undesired occupa-
tional nystagmus. The most familiar of these is
“miner’s nystagmus”~—a condition believed to be
due to long periods of visual demand under very
poor lighting conditions. Less well-known is the
occupational nystagmus found many years ago
for train dispatchers;®* 1t appeared to be related
to job tasks which required continual movement
of the head and eyes over a busy dispatcher’s
train movement sheet, as well as continual move-
ment of that sheet (sheet dimensions were 5-9
feet by 2-3 feet, ruled into approximately 4000
small rectangles related to stations, trains, and
Crews).

The relationship between characteristics of the
optokinetic response to those of the vestibular
reaction 1s also of importance. For example, a
prominent feature of the vestibular nystagmus
elicited from cats by means of angular accelera-
tion 1s a secondary (reversed) response which
occurs shortly after stimulus termination, The
same eye-movement pattern occurs following
optokinetic stimulation of rabbits?® and of cats.??
In man, secondary optokinetic reactions are con-
siderably less frequent and tend to be quite weak ;
but many human subjects give vigorous secondary
responses to vestibular stimulation. Moreover,
optokinetic stimuli are frequently used to provide
calibration data for vestibular studies (particu-
larly with animals). Data published by Wolfe,??
although not discussed 1n these terms, make ques-

tionable the use of this calibration procedure
since he reported (a) steadily declining optoki-
netic responses from humans, and (b) an
increasing response from cats from the first five
seconds through the first 20 seconds of stimula-
tion. The latter confirmed a finding obtained
from rabbits by ter Braak.?
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The present study was designed to examine In
come detail the characteristics of optokinetic
responses from men and animals, particularly
gith regard to the questions of adaptation and
possible directional differences.

II. Method.

Subjects. Human subjects comprised five men
nd five women, nine of whom were between the
ages of 21—29; one was age 37. All were lab-
oratory personnel. All but one man and one
woman were right-handed. The seven African
parrots were young-adult birds which had been
captured wild approximately six months prior
to testing, The 22 cats and six dogs were ma-
ture, young, animals, farm-reared and of mixed

breed.

Apparatres.  The optokinetic stimulator, lo-
cated iIn a light-proof room comprised a steel
drum supported by a steel frame (see Figure 1).
The drum was four feet in diameter and two and
one-half feet high, with its base 39 inches from
the floor, T'he interior of the drum was painted
white and to 1t were affixed vertical strips of
black tape, each one inch in width and separated
by two-inch intervals from adjoining strips.
Each strip extended from the top to the base of
the drum. "Ewo small spotlights, attached to the
ceiling of the drum, provided illumination. A
Century DC motor with a variable speed control
permitted rotation of the drum at a constant
angular velocity of 24°/sec (4 rpm).

A modified, adjustable chair was positioned
under the drum at the center of the turning axis.
The chair had a removable back which permitted
its conversion to an adjustable platform for use
with animals. An attachment provided a head-
rest for humamn subjects. '

feestraint. Cats and dogs were restrained by
the technique described by Henriksson, Fernan-
dez, and Kohut,” or by a modification of it.?
Restraint of A frican parrots was accomplished
by a proceduire described elsewhere. !

fvecording.  XEye movements were recorded
with an Offner Type T Electroencephalograph.
With human subjects, surface electrodes were
taped near the outer canthi for recording hori-
zontal compomnents of eye movements, and above
and. bhelow the right eye for recording vertical
responses.  Surface electrodes were also used
with cats for recording vertical ocular responses

(needle electrodes were not effective®): fur
around the left ocular orbit was shaved and the
electrodes were taped in place.” Horizontal eye
movements could be recorded from cats, dogs,
and birds by means of needle electrodes. For
the cats and dogs, the electrodes were inserted
near the outer canthi of the eyes; for the birds,
recording from each eye separately but simul-
taneously was accomplished by positioning elec-
trodes on both sides of each eye. No attempt
was made to record vertical nystagmus from the
parrots or the dogs.

Calibration and Scoring. Human subjects
were required to sweep their eyes from one
marker to another on specially designed cards
set at a standard distance (two feet) from each
observer. The recorded displacement of the eyes
was measured from the tracings i millimeters
and converted to degrees/mm to serve as a cali-
bration factor for measurements of optokinetic
nystagmus. Eye movements for -calibration
purposes were obtained prior to each trial.

Optokinetic tracking during rotation of the
drum served as the means of obtaining calibra-

“tion factors for the birds, the dogs, and the cats.

Tracings obtamned during specified periods of
drum rotation were measured, calibration con-
stants determined, and the rest of the record
scored and converted to degrees of eye movement
with these constants.* The calibration factor for
each parrot was obtained (in an earlier study)
from measurements of each tracing during the
28-30 sec interval of stimulation, while for the
dogs, the last available interval (16-18 sec) pro-
vided the calibration data. For cats, a block of
10 consecutive seconds of “good” recording (i.e.,
with little or no artifact, no apparent voluntary
eye movement, etc.) on a given trial was used to
obtain calibration factors for that trial.

All recordings were divided into 3-sec intervals
for scoring purposes. Slow-phase nystagmus
was scored by measuring the vertical distance,
from peak to base line, of the slow-phase dis-
placement of each nystagmic beat; these values
were summed for each 38-sec. interval and con-
verted to degrees as indicated above. Addition-
ally, the number of beats within each interval
was tabulated by simple counting procedures.

Proceduyre.

Parrots and Dogs. Data from the parrots'?
and dogs'® were calculated from tracings obtained
for calibration purposes in earlier studies. Only




horizontal nystagmus was elicit‘ed. All of the
parrots were exposed to clockwise (CW) drum
rotation followed by counterclockwise (CCW)
stimulation after about one min of rest in 1l-
lumination. Duration of the stimulus was always
ot least 30 sec and frequently was longer. For
dogs, a similar procedure was followed but on}y
18 sec of response to CW stimulation was avail-
able for all six animals. During stimulation of
parrots and dogs, the test room was n 'total
darkness (to minimize possible distractions)
with the exception of the miniature spotlights
inside the optokinetic drum. At the conclusion
of each trial, room lights were turned on and the
drum was stopped. Afternystagmus in darkness

was thus not recorded.

Clats. One group of 10 cats received 30-sec
periods of stimulation to both CW and CCW
drum rotation. For half of the animals, the CW
condition occurred first; for the remaining five
cats, CCW drum rotation was presented first.
On a following day, five of the amimals were
tested for vertical optokinetic nystagmus for

30-sec periods. Since the elicitation of vertical.

responses required placing the animals on their
sides, three cats were placed on their right sides
and exposed first to CW then to CCW drum
rotation; they were then placed on their leit
sides and again given CW and CCW stimulation.
The remaining two cats were given the same
stimulation but were placed on their left sides
first. Two additional trials were conducted with
these five cats; in both cases, the animals were
on their right sides and the drum was rotated
CW. During one such trial, the stimulus was
applied for 15 sec; during the other, it was ap-
plied for 60 sec.

A different group of 12 cats was exposed to
elicitation of horizontal optokinetic nystagmus
for 15-, 30-, 60-, and 120-sec stimulus periods,
presented successively and in that order on a
single test day. CW drum rotation was used for
six cats; CCW stimulation was applied to the
remaining six.

Humans. Horizontal optokinetic nystagmus
was elicited from five human subjects by CW
rotation of the drum for 15-, 30-, 60-, and 120-sec
periods, presented successively and in that order
on a single test day. These trials were followed
by a 30-sec optokinetic stimulus with CCW drum
rotation. For the remaining five subjects, CCW
stimulation was applied for the four stimulus
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durations, followed by a 30-sec CW trial. Vert.
cal optokinetic responses were obtained the same
way and for the same stimulus periods, but ona
separate day to avoid possible fatigue effects.

General. The general procedure for testing
the cats and the humans was similar. A e
strained cat was positioned with its head under
the axis of drum rotation, either in an wupright
position (horizontal nystagmus) or on 1its side
(vertical nystagmus). All lights were extin.
ouished immediately prior to the start of = trial,
The drum was set in motion and, within 8-5 sec,
the miniature spotlights inside the drum were
turned on. At the conclusion of the stimulus

- period, the spotlights were turned off and the

drum was stopped. Recording continued for an
additional two min in total darkness. Imntervals
between trials comprised at least three min of
rest in the lighted room. Timing was by means
of a stopwatch.

Similarly, humans were seated either upright
with their heads centered beneath the axis of
rotation of the drum (horizontal nystagmus), or
with their heads tilted to the side 90° and resting
on the head rest (vertical nystagmus). The
latter arrangement required the subjects to alter
their usual sitting position to accommodate the
lateral tilt of the head. Prior to each stimulus,
calibration data were obtained as outlined above.
The rest interval between trials was 3—5 min In
the lighted room.

In all cases, attempts were made to leep the
subjects alert throughout a trial. Awuditory
stimuli (e.g., hand clapping and shouting) were
used with the dogs, birds, and cats. Iluman
subjects were verbally encouraged periodically
throughout each trial to maintain alertness, and
were told to maintain their gaze in the “plane”
of the black stripes (the black stripes appear

“cloger” to most subjects than does the white
background).

III. Results.

Dogs. Both slow-phase and frequency plots
in 3-sec intervals show a generally increasing
output (Figure 2). The range of change, how-
ever, was not particularly great.

African parrots. Tracings for six parrots
were of good quality for both CW and CCW
drum rotation. Plots of both slow-phase data
and response frequency (Figure 3) show that
the nystagmic reaction increased for both meas-
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Figure 2. Slow-phase and frequexicy plots of horizontal optokinetic nystagmus for six dogs.

ts
7 ures up through the first 12-18 sec of the 30-sec For a better evaluation of the timt:.a—cmursa of
i stimulus period. No striking difference in out-  the optokinetic response, data obtamned from

put between the two directions of response is  seven parrots (including the six noted above)
i evident and statistical tests (for correlated data)  during 45-sec periods of CW drum rotation were
7 showed no significant directional differences in  plotted (Figure 3). It is clear that the nystag-
- total output for either slow-phase (£=0254) or  mus builds to a peak between 12-30 sec and then
it frequency (¢=1.895; ¢ of 2.57 required for .05 chows some decline. The steady }?ulld-up of the
g level of significance). _ . response is of considerable magnitude; for fre-
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FIGURE 3. A comparison of the oeular responses of African parrots during 80 sec of CW and CCW optokinetic

stimulation, and the time course of the response during 45 sec of stimulation. Note the extended period of
build-up of nystagmuﬂ similar to that obtained from dogs (compare with Figure 2).

quency and for slow-phase data, the peak values
are more than three and one-half times the out-
put recorded during the first 3-sec interval. The

decline, approximately 15 percent for both slow

phase and frequency, may be only apnarent
(i.e., a random variation) and probably should
be evaluated in terms of the results obtained
from the cats over longer time periods.

Cats: Horizontal Nystagmus. Ten cats were
exposed to 30-sec optokinetic trials with both
CW and CCW drum rotation. A sample tracing

appears 1 Figure 4, and a plot of the bidirec
tional comparison is in Figure 5. The latter
figure and Table 1 pmwde three clear bits of
information: (1) There is no statistically signifi-
cant directional difference in magnitude of the

optokinetic response; (2) The nystagmus shows
a steady build-up throughout the stimulus period;

(3) Following stimulus termination, the opto-
kinetic response declines steadily and gives way
to a reversed afternystagmus, i.e., to a secondary
optokinetic nystagmus (in 17 of the 20 cases).
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CAT HORIZONTAL NYSTAGMUS

CCW DRUM SPEED: 4 RPM

Feure 4. A tracing of horizontal nystagmus elicited from a eat during and following 30 sec of optokinetic stim-
ulation. The tracing is confinuous; vertical bars demarcate the stimulus period, All lights were extinguished
at the moment of stimulus termination. Note the early appearance of secondary nystagmus.

With respect to the latter, there were no signifi-
cant directional differences in output (Table 1).

Of 12 cats exposed to CW drum rotation for
periods of 15-, 30-, 60-, and 120-sec, good records
were obtalned from all animals for the 60-sec
stimulus, and from 11 animals each for the other

stimuli,. The mean slow-phase response and the

mean frequency, plotted 1n 3-sec intervals during
the stimulus period, appear in Figures 6 and 7.
Peak slow-phase response appears to require at
least 24 sec of stimulation, whereas average peak

frequency occurs after 15-21 sec of stimulation.

In any event, there is a fairly prolonged build-up
perlod and, after reaching a peak, the nystagmus
1 variable but shows an inclination to decline in
frequency after about ome min of the 120-sec
stinulus, whereas the slow-phase measures begin
to decline at about that same time but recover

to the original levels during the 90-120 sec phase
of the stimulus. This combination of occurrences
for the two response measures may indicate the
Influence of changes both in alertness of the ani-
mals and in their focus of gaze, as well as the
possibility of some adaptation.

Afternystagmus (i.é., nystagmus recorded
iter stimnlus termination) is plotted in Figure
5. The last nine sec of the four stimulus periods
are also included for comparison purposes. Ex-
amination of these plots reveals: (1) only slight
differences in the output levels during the last
nme sec of the stimulus periods; (2) a trend
(significant only for trequency) for the primary
esponses during the 15-sec stimuli to decline
more slowly following stimulus termination, but

this may reflect differences in output level and
response tendency (build-up of nystagmus) dur-
ing the last 3-sec of the stimulus more than it
does an overall effect of stimulus duration; (3)
the magnitude of secondary nystagmus did not
appear to be influenced by stimulus duration
with the exception that there was a statistically
significant trend for the 15-sec stimulus (which
was too short to permit primary nystagmus to
reach 1ts peak) to yield the least slow-phase
secondary nystagmus; no other slow-phase com-
parisons produced significant differences (Table
1) and, following inspection of Figure 9, no
statistical tests were conducted for the frequency
data. Secondary nystagmus was present in 43
of the 45 records.

Cats: Vertical Nystagmus. Vertical optoki-
netic nystagmus was obtained from five cats.
However, it was possible consistently to elicit
a good ocular response in only one direction,
1.e., with the fast-phase beating down (toward
the mouth). A tracing obtained from one animal
appears in. Figure 9. The difference between the
two directions of eye movement is striking and
1t occurs irrespective of the head position of the
cat; whether the animal is placed on its right or
1ts left side, drum rotation in the direction which
would elicit up-beatmg nystagmus fails to pro-
duce a consistent response of reasonable quality
In most cats, whereas good down-beating nystag-
mus can be fairly readily obtained.,

Slow-phase and frequency measurements of
down-beating vertical nystagmus were plotted
for 15-sec and 60-sec stimulus durations (Figure

-----------
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differences 1n nystagmic output to 80-sec periods
of CW and COW drum rotation (Table 2) no

80

TO-KINETIC . .
. T ASe NYSTAGMUS were any clear secondary optokinetic responses
” [ ] T »
70 | o— o 4 RPM CW evident (Figure 11). With respect to the latter,

Nﬂn:;_ciT; RPEM CCW Oﬂly five (thI'BG CW and two CCW) of the total

- of 20 trials showed even slight evidence of gec.
ondary responses; these occurrences were spread
among four subjects and were of such smal]
magnitude that they were not plotted. Ther
were no differences referable to sex or to hand- ‘
edness.

Plots depicting responses during the 15-, 80-,
60-, and 120-sec stimuli were quite regular in
appearance and showed neither a build-up periog l
nor a declining vresponse during stimulation
(Figure 12 and 13) with one exception; thers l
may be a tendency for the frequency of the eye
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; I;" 2'? 3'5 ,;5 5I4 ;I; 75 Ia: o0  movements to be slightly higher during the first

two or three 3-sec intervals of a given stimulus.

SLOW-PHASE NYSTAGMUS (DEGREES PER 3-SEC INTERVAL)
"
-
1

7 - o ONTAL OPTOKINETIC In ex‘amining aiternystagmus (Figure 14), the

o NUMBER OF BEATS last nine sec of the average responses during each
&1 f;%-’ Q e ARy of the four stimulus periods were also plotted:
. |- Vs \ N=10 CATS no differences attributable to the stimulus dura-

tions are evident. Fowever, there was a signifi
cant tendency for afternystagmus to be of greater
magnitude following the longer stimulus durs-

d T -

3 ‘ tions (Table 2). The 15- and the 30-sec stimuli
2@ produced significantly less afternystagmus than !
g .l o O\ either the 60- or 120-sec stimuli; no other com- r
3 5“?’“’5 \ parisons showed statistical significance. Sec.

0 b i

ondary nystagmus was agaln weak, and was |

scored (but not plotted) as possibly present dur- '

ing only seven of the 40 trials; three of thes

U IR SR RO SN SR RO EVU S B were following the 15-sec stimulus, two after the

° 18 er 3% 4 s 8 8l 90 30.gec stimulus, and two following 120 sec of
TIME IN SECONDS optokinetic stimulation.

NUMBER GF NYSTAGMIC EYE MOVEMENTS PER 3-5EC INTERVAL

SECONDARY

[Fieure 5. A comparison of the horizontal ocular re- Human, S%bj@@t&‘ v Vertical N?/gta,gmu& [xn-
sponses of cats during and following 30 sec of OW [} the cats, human subjects gave consistent |
and CCW optokinetic stimulation. All lightys were ol ¢ to both directi ¢ dp 5
extinguished at the moment of stimulug termination., veltlGal nystagmus to bo (lirections o run l’

The same- build-up of nystagmus occurs as found  rotation. There was no statistically significant
in the data from parrots and dogs (compare with difference between output levels (Table 2) for

Figures 2 and 3). the two directions (Figure 15). Secondary

10). The response curves show some irregularity nystaglm}s was not obtyned. Following  the
but give evidence of a build-up period and the 30"5‘?6 stimuli, down-beating nystagmus was.of
possibility of a decline; however, the peak of considerably longer duration than the up-beating

the response does not occur until after about  response, but this was attributable to two subjects.
45 sec of stimulation. Weak secondary nystag- In plotting the time course of the vertical re-
mus was observed on only one of the 10 possible  sponses during the four stimulus periods, neither
occastons (following the 60-sec stimulus). slow-phase (Figure 16) nor frequency ([Figure

Human Subjects : Horizontal Nystagmus. Hu- 17) demonstrated a build-—up or a decline, with
man subjects showed no significant directional  the same exception noted for the frequency of |
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Results of statistil
nystagmus scores for cats.
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Ficuee 16. Vertical slow- ' -
phase responses from human Subjects during four stimulus durations. No adaptation

effects are apparent. Drum speed was 24° /zec,
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: PR 1 ations of 24°/sec stimulation.
Flure 17, Frequency of vertical nystagmus from human subjects during tour {111:)11?01:111; c(;ear a{laptatiﬂn effects
More eye movements appear to occur in the frst few seconds of stimulation, bt _

are apparent.
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