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Monday 21 June

09:00

Welcome by organizing committee
Opening remarks by Professor emeritus Torsten Wiesel, Nobel laureate

Session 1 Fixational Eye Movements
Chairman: Jan Ygge; Moderator: Dominik Straumann

10:20
11:00

12:30
13:30

Tiny but mighty: the impact of microsaccades on visual physiology and
perception. Susana Martinez-Conde

Exhibitor’s presentation Tobii Technology and Allergan
Coffee / refreshments

Holding the eyes still and aligned during fixations: slow development and
frequent dysfunction (strabismus, dyslexia, vertigo). Zoi Kapoula

Saccades, microsaccades and saccadic intrusions: the case for a
common oculomotor generator and implications for the diagnosis of
neurodegenerative disease. Steven Macknik

Slow Oscillatory Eye Movements (SOM) During Fixation. Roberto
Bolzani

Lunch
Modeling Oculopalatal Tremor. Lance M. Optican
Visually induced ocular torsion. Tony Pansell

Presentation of the Nobel foundation by Professor Sten Lindahl of the
Nobel Committee

Session 2 Visual Stabilization
Chairman: Hans van der Steen; Moderator: Susana Martinez-Conde

15:00

16:00

16:30

18:00
18:30

Reaching the end of the line: 3D kinematics at and beyond the
motoneurons. Dora Angelaki

High speed video recording of eye movements during head movements -
the video head impulse test (vHIT). 1. Development. lan Curthoys

Coffee / refreshments

The development and application of the video head impulse test (VHIT) -
high speed video recording of eye movements during head movements.
2. Applications. Michael G. Halmagyi

Fixation monitoring using retinal birefringence scanning in unrestrained
subjects. David Guyton

Vestibulo-ocular reflex thresholds match perceptual thresholds above 1
Hz. Daniel M. Merfeld

Closing and traditional photographing
Busses leaves to Vasa museum



Tuesday 22 June

Continue session 2
09:00 Saccades, models, membranes and patients: from the clinic to the lab
and back. Stefano Ramat

TMS perturbs saccade trajectories, unmasking a feedback controller that
compensates for the perturbation. David Zee

Session 3 Developmental aspects of fixation
Chairman: Gunnar Lennerstrand; Moderator: David Guyton

10:10 Visuo-Vestibular Eye Movements. Michael C. Brodsky
10:40 Coffee / refreshments
11:20 The Interaction Between Singular and Non-Singular Arcs in the Control

of Slow Eye Movements. Chris Harris
Early development of oculo-motor control. Claes von Hofsten
Fixation Patterns during Facial Emotion Recognition in Children. Gustaf

Oquist Seimyr
12:50 Lunch
13:50 Session 4 Clinical considerations and treatments regimes in

patients suffering from unstable vision
Chairman: Mans Magnusson; Moderator: Michael C. Brodsky

14:00 Fixation stability and eye motility in adolescents with congenital or early
acquired visual field defects. Lena Jacobson

Benefits of four-muscle recession surgery for congenital nystagmus John

Lee

15:00 Coffee / refreshments

15:30 Ocular counterroll and verticality perception. Dominik Straumann
Human Fixation: Higher Level Control and Related Aspects. Kenneth J.
Ciuffreda
Concluding discussion moderated by David Zee

17.00 Buffet



Karolinska Institutet, a medical university — 200y  ears

Karolinska Institutet is a medical university a¢ theart of society. We are players in a global
arena, also in close collaboration with the heaitti medical sector and the business
community. The strong research profile of Karolms$istitutet places on us a responsibility

to take a leading role within the whole field of aieal science.

Karolinska Institutet has contributed to improvpgpple’s health for 200 years — by
constantly seeking new knowledge and by educatiadghealth care personnel and researchers
of tomorrow. The global health challenges are estten But the prerequisites for finding new
and better treatments have never been as pronasitgday. We are subject to high
expectations for the future from the communitypirpresent and future students and — not

least — from the general public. We intend to fulfese expectations.

The Sigvard & Marianne Bernadotte Research Foundati  on for
Children Eye Care — 20 years

The Sigvard & Marianne Bernadotte Research Foumad#&dir Children Eye Care was
founded 1989 with the objective of promoting sdimtesearch on children's vision and eye
health. The driving force in the creation of thaiRdation has been Marianne Bernadotte,
Countess of Wisborg, married to the late Prince&ig) Bernadotte. Her interest in medicine
began when she became involved in the developniem advanced wheel chair, the
Permobile. Her long dedication to improving vistuaiction in children emerged from a
special interest in dyslexia. The Bernadotte fotiodahas supported paediatric

ophthalmology at all universities in Sweden.

In 2000, Prince Sigvard inaugurated the SigvardMadanne Bernadotte’s Research
Laboratories for Paediatric Ophthalmology at Karsla Institutet, St. Erik Eye Hospital.
Today some twenty researchers and students ave attihe laboratories. The research has

resulted in sixteen dissertations for Ph.D. degree.



Fixational Eye Movements and Visual Stabilization

In 2006, a clinician contacted us at the laboratorg wondered why some people have
a higher visual acuity than others, could it be tlueye movements? He and his colleagues
had announced a contest of best visual acuity.aViscuity was supposed to correlate with
the optical imaging quality of the eye but it tudn@ut that it was not. This issue was the
starting point on the research in fixational eyeveroents that we conduct today. This
symposium is therefore the result of a clinicagity relevant question that probably has a
very complicated answer.

Keeping the gaze still is central for our abilibyassimilate detailed visual impressions.
It is only in a very small area of the retina, theea, that we have a sufficient concentration
of the type of light sensitive cells that enabléaisee with high acuity and discern colours. In
order to forward a sharp image via the optic nettve ijncoming light must be focused in the
fovea and remain stabilized there for a brief moma&round the eye there are six muscles
whose task it is to both stabilize the gaze, duvihgt we call fixations, and move it around in
very fast movements called saccades. The musdesabble us to follow moving targets
and keep the gaze on a target while we ourseleemsaving. In order for us to perceive
depth, the eyes must synchronize these movemetdadem.

The aim of the symposium is to bring together titernational expertise on fixational
eye movements and visual stabilization. Apart fcmwering fixational eye movements and
visual stabilization in general, the symposium Waltus on developmental and clinical
aspects. If we were able to detect deficits indrkih’s fixational eye movements, it might be
possible to devise treatments that could make tigeahild’s neuroplasticity in order to
enhance their vision. The clinical aspects conbem we may utilize new measurement
techniques and research findings in order to fvatients that experience problems with
visual stabilization. Most of the invited speakbeve extensive experience of using eye
tracking in clinical environments and several hawpecial interest in children and infants.

The symposium will be part of Karolinska Instittgdbicentennial celebration as well as
the celebration of the 20th anniversary of the &idwand Marianne Bernadotte Research
Foundation for Children Eye care. We strive for sggnposium to become a scientifically

stimulating environment for lively discussions datlure collaborations!



Abstracts session 1

Fixational eye movements




Tiny but mighty: the impact of microsaccades on vis ual physiology
and perception

Susana Martinez-Conde and Stephen L. Macknik
Barrow Neurological Institute, Phoenix, USA

When the eyes fixate on something, as they doGgre8cent of our waking hours, they still
jump and jiggle imperceptibly in ways that turn tabe essential for seeing. If you could
somehow halt these miniature motions while fixatpogr gaze, a static scene would simply
fade from view. Thus fixational eye movements aitical to vision. Moreover, because we
are not aware of our fixational eye movements, #reyalso are helping us crack the brain’s
code for creating conscious perceptions of thealiswrld. | will present findings on the
neural activity generated by fixational microsacasmethe fastest and largest fixational eye

movement- in visual neurons, as well as on thegpoal impact of microsaccades.



Holding the eyes still and aligned during fixations : slow
development and frequent dysfunction

Zoi Kapoula

IRIS team, CNRS, Paris France

European Hospital Georges Pompidou, Ophthalmology service

Robert Debré Hospital, ENT service, 48 Bvd Sérurrier, 75019 Paris, France

A certain level of fixation stability is necessanyorder to obtain clear single vision. Stability
is particularly important for activities such asdeng and working on the computer. And yet,
keeping the eyes still during fixation is a higllymplex function involving dynamic,
sustained, monocular and binocular motor conttadfaivhich are dependent on physical
depth. Rather than isolating the fixation period $& we consider fixation as an active
process linked to the properties of the precedangade. Take for example the case of drift: it
is well known that if the saccade pulse-slide-st@mmand signals are not well tailored the
eyes will drift and that this drift can be conjugatr disconjugate leading respectively to

position errors or depth (vergence) errors.

| will present studies from our group on the noraevelopment of fixational drifts in
direction and in depth related to saccade promeraccades in young children (<10 years)
are disconjugate and they are followed by fixatioifts that are both conjugate and
disconjugate. These imperfections decrease pragedssvith age (via oculomotor learning
and visual experience). The improvement is depéifip: at near distance, i.e., reading
distance, increased disconjugacy of saccades dinchtibn drifts persist until 12 years of

age.

| will also review our studies showing that thi®gressive maturation and improvement with
age, particularly with respect to the near distanceurs at a much slower rate for or is
perhaps never fully achieved by several groupsidfien: in children with dyslexia, children
with vertigo symptoms without clinically measuralkstibular deficit and children with

strabismus before and after eye surgery.

Slow normal development of fixation stability anddility in several groups of children

indicate the complexity of oculomotor learning macisms involved. Learning involves the



cerebellum, brainstem and downstream oculomotacttres as well as cortical oculomotor
areas which are the slowest to mature. | will pne3@S studies in healthy adults showing
that temporary, reversible perturbation of the @ost parietal cortex deteriorates fixation
stability in depth leading to transient vergenaemsrand uncorrelated, increased saccade
disconjugacy. Similar results are obtained forated fixations and saccades to single targets

and for reading saccades and fixations.

| conclude that fixation stability could be betterderstood when considering previous eye
movements. Binocular recording and analysis isresdef we are to assess instability in its
integrity and take into account considerationsietwng distance. Determining basic
physiologic parameters is also useful in orderseas the interplay between cognitive
attention processes and dissociate functional fitgsfunctional instability. Dysfunctional
fixation instability in children (e.g., dyslexiarabismus) could require novel training

techniques stimulating maturation.



Slow oscillatory eye movements (SOM) during fixatio n

Roberto Bolzani, Bing Zhang, Tony Pansell, Jan Ygge

University of Bologna, Dept of Psychology. Bologna, Italy

Karolinska Institutet, Dept of Clinical Neurosciences, Stockholm, Sweden

In the eye position recordings during long fixatmeriods we observed slow oscillatory
movements not included in the well known fixatioovements: tremor, drifts and micro-
saccades. The observed oscillation has a periadait 20 sec and an amplitude smaller than
0.2 deg. To extract the Slow Oscillatory Eye MovatsedSOM) component we used a two
steps procedure. First by the Fast Fourier Trans{&FT) analysis we evaluated the
amplitude and the frequency of the SOM taking tmglgude peak in the frequency range
0.01-0.10 Hz. Then, to have a more defined frequerealuation, the recorded signal was
fitted by a sine function using as starting valtresamplitude and the frequency obtained in
the first step by the FFT analysis (figure 1). Evaluation of the gaze stability ellipse shows
that the SOM area is 20% of the total gaze stglaliea.
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Figure 1. Eye position track and the corresponding fitting function
Is the SOM a real eye movement?

Different artifacts can be hypothesized as possialeses of the observed oscillation:

* Recording technique or band-pass characteristittseoglectronic devices
* Blinking

* Some basic physiological activity like breathingheart activity

e Aliasing due to the sampling frequency or pure e@gect

* Head movements

Some experiments have been conducted to checkpbssible causes.

To exclude the recording technique artifact we reed the fixation eye movements by three
different methods: infrared system (XY-1000, I0T#l), magnetic search coil (Skalar; SMI)
and video oculography (Chronos system). In all r@iogs we obtained SOM having the
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same frequency range. With the infrared systemertt@n for other techniques, blinking can
produce a false eye movement. The blinking frequéras a period similar to the SOM but
comparing the oscillation fitting curve to the Iking activity we could exclude that the SOM
is related to blinking. The breathing and heatrivitgt particularly by high resolution eye-
tracking systems, are included in the eye posgignal but the frequencies of these two
physiological functions are outside the range efSiOM. To exclude the aliasing pheno-
menon we recorded the fixation eye position aedéht sampling rates (120, 140, 160, 180,
200 Hz). Similar SOM frequencies were still foundhano significant change related to the
sampling rate. A simulated pure white noise, aredylzy the same procedure used to detect
the SOM, did not show any specific frequency péd&o the head position shows slow
oscillations but the frequency and amplitude ddtefrom the SOM signal. Furthermore, the
SOM is related not only to the fixation gaze coiodit Also in the smooth pursuit recordings,
after removing the pursuit movement, the SOM haentfound. The first conclusion is that

the SOM is not a recording or evaluation artifact.

What is the pacemaker for the SOM?

To check the possible sources of the pacemakerewermed some experiments in binocular
and monocular vision conditions and used diffetgpés and sizes of target. The comparison
between a red dot fixation with image background amlot fixation with a dark screen
background showed some differences in the SOM amajgls but no difference in the
oscillation frequency. The fixation movements ia tharkness, without any target and asking
the subject to fixate straight ahead, showed I1&@#& amplitudes with almost the same
frequency we have found with the dot fixation. Usdifferent sizes of the target dot we
found significant changes for the SOM amplitude aadignificant change for the frequency.
In all experiments no real horizontal SOM conjughag been found while the vertical SOM
are almost conjugated. That is true also in moravousion condition when the movements
are recorded in both the two eyes. These result®tishow any evidence of a significant
effect of the visual feedback on the SOM frequemeyt due to a general behavior of the
muscular tension? The postural stability showsralar slow oscillation with the highest
percentage of the power density in the range 0.0Q-Hz. On the other hand the vertical
conjugancy of the SOM is in favor of a supranucteartrol. In conclusion, the pacemaker
should be a muscular supranuclear control not dépgron the perception feedback.
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Modeling oculopalatal tremor

Lance M. Optican

Laboratory of Sensorimotor Research
National Eye Institute, NIH, DHHS
Bethesda, MD 20892 USA

Symptomatic oculopalatal tremor (OPT) is charazeatiby smooth, aperiodic, ~2 Hz
oscillations of the eyes, palate and occasiondhgromuscles. Oculopalatal tremor develops
after a lesion interrupts inhibition of the infarigivary nuclei by the deep cerebellar or
vestibular nuclei. Over time the inferior olive dually becomes hypertrophic and its neurons
enlarge, developing abnormal soma-somatic gapipme{Ruigrok et al., 1990). Here we
look at 3D binocular eye movements in patients@mdpare their behaviour to the output of
our recent mathematical model (Shaikh et al., 2065 model has two mechanisms that
interact to create OPT: an oscillator in the irdeolive and a modulator in the cerebellum.

A model of classical delay eyeblink conditioningie inferior olive (I0) and cerebellum
(Hong & Optican, 2008) was adapted to model OP1s model has adaptable synapses in
the cerebellum and gap junctions in the 10. IndraldO neurons fire periodically because of
intrinsic membrane pacemaker currents. Gap junstoeakly couple activity within the 10,
synchronizing a few neurons. With increased 10 diagpsynchronous bursts of activity
across many neurons arose. Nonetheless, even @& $ynchronization, the model 10's
influence on the eye movement circuit was too shoathduce noticeable oscillations.

The model explains that noticeable tremors alsairegerebellar learning, similar to learning
in classical conditioning. In delay eyeblink comnaliing, for example, two signals arrive in

the cerebellar cortex: one on mossy fibers aftaief tone (conditioned stimulus, CS), and
one on climbing fibers after an air puff aimedret eye (unconditioned stimulus, US). The
cerebellar cortical circuitry learns this coinciderand reduces the inhibitory output of the
cortex after the CS, but at the expected time ®UB. The nearly periodic, synchronous
bursts from the 10, arriving in the cerebellar earvia both climbing and mossy fibers
(Carpenter et al. 1972), cause nearly coincideoti@nces within the cortex. The learning
mechanism responds to these repeated coincidamstessjit did to the CS and US in eyeblink
conditioning. The learned response amplifies th&l@sts, and smooths them because of the
uncertainty in their arrival times. We call thigtual-mechanism hypothesis of OPT.

Our model has implications for the treatment of OBimulations show that reducing the
influence of the cerebellar cortex on the oculometthway reduces the amplitude of ocular

tremor, makes it more periodic and pulse-like,lbates its frequency unchanged. Reducing
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the coupling among cells in the 10 decreases thi#la@son’s amplitude until they stop (at
~20% of full coupling strength), but does not chattweir frequency. These simulations
suggest that drug therapies designed to reductaltmac coupling within the inferior olive,
or reduce the disinhibition of the vestibular nubig the cerebellar cortex, could treat

oculopalatal tremor.

References
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Visually induced ocular torsion

Tony Pansell, Ulrika Sverkersten, Jan Ygge

Dept of Clinical Neurosciences

Section for Ophthalmology and Vision

Karolinska Institutet, Stockholm, Sweden

Ocular torsion (OT) in response to visual stimaliathas been known since the 1930
(Brecher, 1934). By rotating a visual stimulushe frontal plane torsional nystagmus is
elicited with a slow phase eye movement in the sdin@etion as the stimulus rotation. This
opto kinetic response minimizes the retinal imageiom on the retina, which is a prerequisite
for a high visual acuity and a stable visual fielding prolonged motion. OT in response to a
static tilted visual scene was previously demotesti§Crone, 1975). The eyes slowly shift
position in the same direction as the tilted visadne. The underlying mechanism of this

‘compensatory’ movement certainly has another maishathan the OKN.

While OKN has been shown to correlate with the sewular canal system activity, it is
tempting to assume that torsion in response tatecdilted visual stimulus correlates to the
otolith system responsible for sensing the grawitatial direction. This has been proposed
earlier but not further elaborated (Crone 1975 @hthors’ hypothesis was that if the
torsional response to a static visual tilt is mdiatio the gravito-inertial vestibular system, then
a visual stimulus with spatial clues important fimaintaining body posture will induce a

larger torsional response compared to a similangtis lacking spatial information.

In this presentation we will describe the influeéepatial information in a tilted visual
scene on the generation of OT. We will present spraiminary results from an ongoing
study where we investigate the influence of cotifig visual information of tilt position and

image motion by a torsional step-ramp stimulus.

References

Brecher G.A., The optokinetic triggering of ocutaling and rotatory nystagmuBflugers
Archiv Fur Die Gesamte Physiologie Des Menschen Und Der Tiere. 234 (1934), pp. 13—
28.

Crone R.A. Optically induced eye torsion. Il. Ogadie and optokinetic cycloversion.
Albrecht Von Graefes Arch Klin Exp Ophthalmol. 1975 (196(1)) pp 1-7.
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Visual Stabilization
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Reaching the end of the line: 3D kinematics at and beyond the
motoneurons

Dora E. Angelaki, Eliana M. Klier

Dept Neurobiology, Washington University Medical School, St Louis MO 63110, USA
Strong debate has centered around whether threendional movement kinematics, such as
the half-angle rule and ocular counterroll, areedatned either neurally by brainstem circuits
(Tweed & Vilis 1987; Tweed et al. 1994) or mechalflicby the positioning of orbital pulleys
(Quaia & Optican 1998; Demer 2002). But a testdfnitively distinguish between these two
hypotheses has yet to be made. Recently, we shihnaedtimulation of the abducens nerve
from an upright orientation results in eye moveraghat obey the half-angle rule (Klier et al.
2006). The fact that the half-angle rule is impletee by the eye plant has also been

supported by recordings from extraocular motones{@hasia et al. 2005).

While eye movements such as pursuit and saccdagsetdirect gaze when the head is
stationary, follow the half-angle rule, other eyewaments that stabilize the visual image
during head movements, such as static ocular coofiteg, the vestibulo-ocular and
optokinetic reflexes, do not obey Listing’s law &Biford and Vilis, 1991; Angelaki, 2003).
More recently we have examined stimulation-induegel movements across different

horizontal eye positions and during static rotktil

During static roll tilts, the eyes undergo oculauwterroll (a roughly 10% tilt-dependent
change in torsional eye position that is in theagie direction of the head tilt). But, it is
unclear whether ocular counterroll is due to actigaral commands sent to either (1) a fixed
oculomotor plant (Crawford et al. 2003), or (2)lanp whose pulleys change their
configuration with ocular counterroll (thereby affimg the pulling direction of the eye
muscles) (Demer & Clark 2005).

We stimulated the abducens nerve (stimulation patars: train frequency = 500 Hz, train
duration = 50 ms, current < ') as rhesus monkeys fixated visual targets, abuar
vertical and horizontal eccentricities (a 5x5 ghnning 500 horizontally and 500
vertically), at 5 different static roll tilt angl€8o, £450, £900). The static roll tilt induced
ocular counterroll that offset Listing’s plane awfagm O torsion (either CW with CCW tilt or
CCW with CW tilt). By stimulating so late in theudomotor pathway, we essentially

16



bypassed any neural circuits that could potent@dytribute to the implementation of the

half-angle rule.

We found that (1) the half-angle rule is generafipserved across horizontal eye positions
(i.e., torsional velocity tilted out of Listii’$ plane by half the angle of eye elevation), and (2
stimulation-induced eye movements from differenittth angles showed similar offsets as
their corresponding Listing’s planes (i.e., thenstiation-induced eye movements shifted fully
with ocular counterroll). Thus, in summary, thelpys appear to change their configuration
with ocular counterroll thereby acting as a Listinglane gimbal capable of maintaining the
half-angle rule at different static roll tilts. @Qu@ing experiments investigate the results of
electrical stimulation of the abducens nerve dutirggroll (torsional) vestibulo-ocular reflex.
One hypothesis that is being investigated is thatdieparture of the vestibulo-ocular reflex
from the half-angle rule is mediated by the sameharism as static ocular counterroll:
Torsional neural signals change the configuratioth® extraocular muscles (pulleys)

dynamically such that the ‘default’ half-angle rideno longer obeyed.
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High speed video recording of eye movements during head
movements - the video head impulse test (VHIT). 1.  Development

lan S. Curthoys, Hamish G. MacDougall, Michael Halmagyi, Leigh A. McGarvie,

Andrew P. Bradshaw, Konrad P. Weber

School of Psychology, University of Sydney, NSW Australia; Neurology Department,
Royal Prince Alfred Hospital Camperdown NSW; University Hospital Zurich, Zurich
During head rotations, the compensatory eye movemeglation to the head movement
indicates vestibulo-ocular performance (VOR gdlink specifically slow phase eye velocity
(SPV) which is measured because saccades are dynaifferent circuitry from that which
drives the vestibular slow phase. So to get aceurgtasures of VOR gain we need to identify

saccades and remove them.

The early studies of VOR used low frequency sindesaiotation but such stimuli do not
measure VOR unambiguously since a patient withdyih surgical vestibular loss could
generate SPV to such stimuli. This patient couldgemerate SPV during the first 100ms of a
brief unpredictable, passive, high acceleratiordiregation and so this “head impulse”
stimulus has become a standard. If the VOR is detjaate then usually there has to be a
corrective saccade at the end of the head impatagaon and that corrective saccade is the
head impulse sign. Nowadays we call that an “os&ctade”. In clinical use it is a subjective
measure and depends on many parameters (suchasgthlar extent of the head rotation and

the acceleration) and can be difficult to detect.

Some clinicians failed to see any overt saccade gvpatients with known unilateral
vestibular loss. We now know some patients withateral and even bilateral loss can
generate saccaddaring the head rotation which are not detectable bymwksg and so we

call these “covert saccades”. They also occur wherpatient is asked to make an active yaw
head rotation. Because of the covert saccade,foagiees on target and no overt saccade is
necessary and any peripheral vestibular defiabrscealed. A covert saccade removes retinal
smear by virtue of the very high velocity saccagie rotation together with the fact that

saccadic suppression is operating to depress uisiong the saccade.
To get quantitative measures of VOR gain duringadhmpulse has, up to now, required the

speed and accuracy of search coil measures. For yeans we have tried to develop a simple

VOR gain measure using video methods. Many problesme had to be overcome, the most
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significant being to prevent goggle (and thus canslippage. Now small, fast, lightweight,
video cameras can detect small fast eye movemEntsolve the slippage problem goggles
which comfortably fit snugly around the orbital reme used. There is an inertial sensor in the
goggles which detects 3D angular velocity and 3i2dr acceleration to provide the head
movement measures. This VHIT system has been tedidey comparing it to simultaneous

measures from search coils and the VOR gain restdtsery similar

The challenges which have to be faced are the titsteand removal of saccades and the
measurement of VOR gain. As a result of many measwe question whether it is adequate
to calculate VOR gain as eye velocity/head veloatty single arbitrary latency or point (e.g.
peak velocity or peak acceleration). We considee\e measure — the area under the
desaccaded eye velocity curve, divided by the anel@r the head velocity curve, may be a

measure which is more functionally significant desk subject to artifacts.
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The development and application of the video headi  mpulse test
(VHIT) - high speed video recording of eye movement s during head
movements. 2. Applications

G. Michael Halmagyi, Hamish G. MacDougall, lan S. Curthoys, Leigh A. McGarvie,
Andrew P. Bradshaw, Konrad P. Weber

School of Psychology, University of Sydney, NSW Australia; Neurology Department,
Royal Prince Alfred Hospital Camperdown NSW; University Hospital Zurich, Zurich

The use of this new vHIT method and the direct cangpn of video and search coil
recordings has raised many basic matters. Wheneasstial measure of vestibular
performance has been VOR gain, it seems that theuand amplitude of saccades may be
a complementary indicator: inadequate VOR requitese saccades, be they overt or covert,

for gaze to remain on target.

Covert saccades are of special interest. Now we baen able to measure a very large
number of patients we realize that covert saccadeguite common. But the questions we
seek to raise are;

» what triggers such a covert saccade?

The covert saccades during active head rotatiopratgably due to pre-programming.
However it is very puzzling what could generatenttauring passive unpredictable head
rotations.

» why do some patients learn to generate these dwdsotio not learn?

» could covert saccades really be of value in vekileompensation — is it that patients
who have good vestibular compensation use thesertceaccades, whereas poorly
compensated patients do not? We do not have agedatz on this question at present

The recordings of a patient with total bilateraigscal deafferentation were exceptionally
valuable since this patient generated short latenggrt saccades during the head rotation.
But since he had no vestibular function the triggethis saccades could not be due to any
vestibular input. It was not anticipation or preuain since the patient was 100% correct even
over a long series with unpredictable head rotadiogctions. One possibility is cervical input
acting as a trigger, but the latency of such irga&ms long

VHIT has been valuable for demonstrating the retdivestibular function in a patient with

vestibular neuritis who was tested during the aphtiese and then later at recovery. Testing

during the acute phase would be very difficultaésch coils had been used.
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In a recent study we demonstrated how VOR measongd be valuable in signalling
gentamicin vestibulotoxicity. That study used heaadulses with search colil recordings with
considerable difficulty. vHIT allows this kind ofeasurement even at the bedside in patients.

Finally the high speed and high resolution of #immple VHIT system allows for detection of

oculomotor pathophysiology with head stationargloiwly moving which cannot be detected

by the naked eye or by low speed video procedures.
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Fixation monitoring using retinal birefringence sca nning in
unrestrained subjects

David L. Guyton, MD

The Zanvyl Krieger Children’s Eye Center at the Wilmer Institute

The Johns Hopkins University School of Medicine

Baltimore, Maryland, USA

By taking advantage of the birefringence of the ldererve fibers emanating radially from
the fovea, the projection of the fovea into spaae ke detected directly using changes in the
polarization of retro-reflected light from the fursl By scanning a small spot of polarized
near-infrared light from a 795 nm laser diode Br@egree circle on the retina, characteristic
signals can be obtained from analysis of the redtbtight. A visible fixation spot is provided
exactly in the center of the circular scan, suet When the eye fixates on the visible spot, a
periodic signal of polarization fluctuation at twithe scan frequency (2f) is obtained using
fast Fourier transform (FFT) analysis. When theetois directed to any other point, the
predominant frequency in the signal is equal tosttenning frequency (f). The normalized
ratio of the 2f signal strength to the f signaéstyth yields a robust indication of foveal
fixation, currently obtained at 2 or 3 Hz dependipgn the scanning frequency. Accuracy is

approximately +/- 0.5 degree.

The optical noise from reflections from the opticstnea, sclera, and lids has been
minimized, along with simplification of the electrios to a single detector, by using a
spinning half wave plate to rotate the axis of ga&tion striking the eye at a fractional
frequency of the scan frequency. By proper chofdeeguencies, the digitized periodic signal
obtained may be shifted by one scan period andatbd from itself prior to FFT analysis,
yielding a differential polarization signal at tiractional frequencies of interest. The
scanning frequency and harmonics of the scannaguéncy are subtracted out, eliminating

much of the noise from reflections.

The corneal birefringence is approximately severes greater than the birefringence of the
Henle fibers radiating from the fovea. The corr@edfringence is relatively constant across
the pupil, however, and by manipulating the pokian state of the light entering the eye, it
is possible to essentially bypass the effect otctir@eal birefringence over the range of

corneal retardations and azimuths that have beemndented in a large database of human

eyes.
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We have designed, constructed, and tested seved#lsmof our foveal fixation monitor: a
binocular version for the detection of strabismusifants and children, a no-moving-parts
version that proved to have a poor signal-to-nmasie, and a monocular version for potential

monitoring of fixation stability in patients withtantion deficit disorder.

The primary advantage of our fixation monitoringhteology is the direct detection of the
anatomic fovea, without the calibration steps resfiby other methods of eye fixation
monitoring and tracking that use reflections fraxteenal structures. A secondary advantage
is the large exit pupil, approximately 40 x 40 mon éach eye, that facilitates hand-held
maintenance of alignment with the eyes of an uraesd child.

The primary disadvantage of our technology is the $frame rate,” currently only 2 to 3
Hz. Future development will address ways to in@d¢he temporal resolution of fixation
detection using retinal birefringence scanning alsd will explore approaches to eye
tracking.

References

Guyton DL, Hunter DG, Sandruck JC, Patel SN, Fry Rye fixation monitor and tracker.
US Patent No. 6,027,216, February 22, 2000.

Hunter DG, Shah AS, Sau S, Nassif D, Guyton DL.oMated detection of ocular alignment
using binocular retinal birefringence scanning. kgabOptics 2003;42(16):3047-3053.

23



Vestibulo-ocular reflex thresholds match perceptual thresholds
above 1 Hz

Daniel M. Merfeld, Csilla Haburcakova, and Richard F. Lewis

Jenks Vestibular Physiology Laboratory, MEEI, Boston MA, USA

Otology and Neurotology, Harvard Medical School, Boston MA, USA

How the brain processes signals in the presenneisé impacts much of behavioral
neuroscience. Recent studies have shown thatieasah smooth pursuit are predominantly
due to sensory, not motor, contributions. Analysfesmooth pursuit noise/variability (e.g.,
Osborne et al., 2005) and comparisons of perceptwamotor thresholds (e.g., Stone and
Krauzlis, 2003) support this conclusion. We settougeneralize these findings to another
sensorimotor system - the vestibulo-ocular ref®R). Specifically, we set out to determine
if horizontal VOR thresholds evoked by yaw rotatroatch perceptual thresholds across a

broad frequency range.

Only one paper (Seemungal et al., 2004) has preliquantified VOR thresholds —
reporting VOR thresholds of 0.5°/s/s that were i§icgmtly less than perceptual thresholds
(1.2°/s/s) evoked by the same angular velocity ratimpuli. Other studies using single cycle
sinusoidal accelerations have shown that yaw angelacity perceptual thresholds are
roughly constant between about 0.5 and 5.0Hz (Galgt al., 2008) but increase
substantially as frequency decreases below 0.5dag@n et al., 1989; Grabherr et al., 2008).
These dynamic effects can be modeled with a higis-pler having a cut-off frequency of
0.3Hz that is substantially above the cut-off frexgey of the semicircular canals (~0.05Hz,
e.g., Fernandez and Goldberg, 1971). This findimgschot match VOR *“velocity storage”
findings that show that the VOR can be mimickedlhygh-pass filter having a cut-off
frequency (~0.01Hz) substantially below the canglaff frequency.

In this study, we measured the VOR using seardb otorhesus monkeys. Single cycles of
sinusoidal angular acceleration were applied ouaoad range of frequencies (0.2, 0.3, 0.5,
1, 2, and 3Hz) with the stimuli amplitude near-gireld. The direction of eye movement (left
or right) was determined. A psychometric functveas fit for each animal at each frequency
with a Gaussian cumulative distribution functioheTit parameters gave a measure of the
standard deviation of the underlying noise, whiHirectly proportional to threshold,

At 2Hz and 3Hz, we found VOR thresholds that avedagbout 0.5°/s, which matched
perceptual thresholds at these frequencies, whicbnsistent with the hypothesis that
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sensory noise determines both VOR and perceptredhhblds. However, we also show that
VOR thresholds diverge dramatically from percepthetsholds at frequencies below 0.5Hz.
This demonstrates that the bandwidth over whichtAB® can be used to directly assay
sensory noise is restricted to frequencies abdMd2).The dramatic difference between VOR
and perceptual thresholds below 0.5Hz suggestathaast one different dynamic neural

mechanism affects perceptual thresholds.
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Saccades, models, membranes and patients: from the clinic to the
lab and back

Stefano Ramat, University of Pavia, Italy

Traditional models of the saccadic mechanism sitaularmal saccades well, but are
challenged by clinical disorders, as they oftemdbrepresent the specific anatomical and
physiological detail needed to model clinically ionfant abnormalities. Here we consider the
example of high-frequency saccadic oscillationsictvinas provided new insights into the
neurobiology of saccades and driven the developwfeamnew model and explanation of

oscillations.

Saccadic oscillations are unwanted back-to-bac&aghs occurring one upon the other
producing a high-frequency oscillation of the efesually 15-30 Hz) that disrupts vision.
These may occur transiently in normal subjectsugahe orthogonal axis of a purely
horizontal or vertical saccade, during combineatade-vergence gaze shifts or during blinks.
Some normal subjects can induce saccadic oscilgtroluntarily (‘voluntary nystagmus’).
They are called ocular flutter when purely horizb@nd opsoclonus when multidimensional.
The classical explanation of oscillations is baseé delay in the local feedback loop around
the high-gain amplifier representing the burst nesr The duration of the delas) (s the
hypothetical mechanism controlling the frequencyhef oscillations so that®.25#.

Recent findings, though, have questioned the vglglich model since:

* Individuals can produce oscillations of differem@itudes with little change in
frequency; oscillations span a large range of feagies, although it tends to be fixed
within a given subject.

* A patient with surgical ablation of the FN, a pwtatrelay station of the local
feedback loop still produced saccadic oscillations.

* A mother and daughter with microsaccadic oscillaiand limb tremor (USOLT)

even during fixation, which are amplified when OBRiNcharge is modulated.

The new mathematical model of saccadic brain stemral of horizontal saccades includes
many details of the circuitry based on current amgt It represents the OPN, the bilateral
EBN and IBN forming two positive feedback loopsgdhe VI nucleus. Each population of

neurons is modeled by representing the membraaéagh pass filter showing adaptation,

26



which causes these neurons to show post-inhibithgund (PIR): at the offset of inhibition
there is a rebound in the membrane potential atigwie cell to fire spontaneously. Human
saccadic burst neurons express subtypes of iomelsoarrying IT and lh which are

responsible for PIR.

In humans, the premotor circuit is potentially adé due to the high gain of the output
nonlinearity of the burst neurons and to the pesiteedback loops coupling EBN-IBN and
IBN-IBN. If the burst neurons are not inhibited e OPN and are not driven to produce a
saccade, such latent instability may lead to higlatiency, conjugate oscillations (i.e.
horizontal oscillations during a vertical saccadie)patients, either an increase in neural
excitability or a reduction of OPN inhibition caause instability and oscillations.

We hypothesize that ocular flutter and opsoclomag@ated to alterations in the membrane
properties of the neurons that generate saccadstsbiWe also propose that the level of
activity in OPN may play a role in the genesisadeadic oscillations. However, the
properties of the oscillations and the ease witicivthe system can be made to oscillate

depend critically on membrane properties of thesbeurons (PIR).
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TMS perturbs saccade trajectories, unmasking a feed  back
controller that compensates for the perturbation

Minnan Xu-Wilson', Jing Tian?, Reza Shadmehr!, and David S. Zee?

1. Department of Biomedical Engineering

2. Department of Neurology

Johns Hopkins School of Medicine, Baltimore, MD 21205, USA

We applied a single pulse of transcranial magretticulation during a saccade and observed
that it perturbed the trajectory of the eyes, aagishem to slow down or pause. This response
was similar to that seen with direct stimulatioroainipause neurons (Keller et al., Vis.
Neuroscience, 1996) or stimulation of the rostugesior colliculus (Munoz et al., J.
Neurophys. 1996). Sensory stimulation, stimulatbthe supraorbital nerve and noise bursts
also induce pauses in saccades (Becker, Contergg@catar Motor and Vestibular Research
1993; Goossens et al., J. Neurophys. 2010). Wealfthat despite the TMS induced
perturbation to the eye trajectory, the saccades s@rected and the eyes stopped accurately
at the target.

We tested five healthy human subjects while thefopmed visually guided saccades and
triggered TMS with respect to the onset of saccatletS was applied to the head using a
Magstim 200 stimulator with a maximum output of Z&sla, connected to a figure of eight
magnetic coil, each loop having a diameter of 7€he stimulation strength varied from 50%
to 60%. Eye movements were measured using the magearch coil technique. Subjects

made saccades following a red laser target, regegied onto a screen 1m away.

When applied during a saccade, TMS induced redusiio saccade velocities with a latency
of 65ms after the TMS. This reduction in velocigted around 29ms, after which the saccade
resumed toward the target. On average, the resumedment took the eyes to a final

location that was 0.5deg further than control sdesaNot all interrupted saccades resumed
movement. Perhaps these saccades ended close ¢adhglgoal (less than 1.35deg away)

so that they did not require a correction. Giveat the pauses occurred at a long delay of
65ms after TMS, the saccade had to be of suffiderdtion to observe any effect from TMS.
For saccades of long duration (>100ms), we obsetha#tdlT MS applied early in the saccade
transiently slowed the eyes, creating double peakéstity profiles, whereas TMS late in the

saccade could pause the eyes.
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The effect of TMS was nonspecific to the brain oegas similar perturbations occurred for
saccades in all directions and regardless of wiverapplied the TMS: top of the head, the
cerebellum, or the parietal cortex. The sound ofST&lone (i.e., coil discharged at least
0.3meters away from the head) could also inducegmalthough less frequently. Blinks
were present on many TMS trials, but were not resrdyg associated with pauses. There
were trials with blinks but no pauses, and triaithwery small blinks but very clear pauses.
We speculate that TMS likely engages the “staxtiecuits of the brain,

In summary, we found that a single pulse of TMSrdya saccade perturbed the eye’s
trajectory, causing a reduction in velocity, oranright pause. This perturbation was
corrected within the same change in gaze with corsgtery motor commands that brought
the eyes near the target. As this correction oedueven without visual input (in conditions
where the target was removed), it appears thatdirection to the perturbation is due to an
internal feedback process that has an estimateedafurrent state of the eye. Our findings
further emphasize that TMS can have non specifesypmably “startle”effects on motor
behavior, and these effects should be taken irtowatt when interpreting the effects of TMS

on brain function.
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Visuo-vestibular eye movements

Michael C. Brodsky, M.D.

Department of Ophthalmology and Neurology
Mayo Clinic

Rochester, Minnesota, USA

Visuo-vestibular eye movements are unique eye mewehrthat develop almost exclusively

in the setting of infantile strabismus. They araagated by asymmetrical binocular visual
input which leads to consist of dynamic movemeunthsas latent nystagmus in the yaw
plane, and tonic deviations such as dissociatetitaedivergence in the roll plane, primary
oblique muscle overaction in the pitch plane, aisdatiated vertical divergence in the roll
plane. These movements are the inverse of thoskiped by vestibular imbalance in the
same planes, suggesting that these visual reffexsit the eyes and ears to function together
as complementary balance organs in lateral eyadasi In lower animals, the accessory
optic system shows maximal sensitivity for optokinenovements in the planes of the
semicircular canals, providing a neurological stdistfor visuo-vestibular eye movements in

humans.
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The interaction between singular and non-singular a rcs in the
control of slow eye movements

Chris Harris & Jonathan Waddington

University of Plymouth, Plymouth, UK.

Plasticity is a core function of human behavioungther it be at the synaptic, behavioural, or
cognitive level, or whether it be reversible adtphysiological’) plasticity or irreversible
developmental plasticity. It implies the existené@ meta-controller that guides
developmental/adaptive control towards some ‘ddsoe‘optimal’ end-state. Eye

movements are stereotyped behaviours that arexparar.

Optimal control theory provides a powerful overkang (non-linear) mathematical

framework for understanding how behaviour can berotied to produce desirable state
trajectories. We introduce the mathematical corceptsingular’ and ‘non-singular’ control

as hypotheses for the existence of slow and fastewements, based on the assumption of a
zeros-compensated plant, and proportional noiseggatmotor command levels. In singular
control (fixation, smooth pursuit, slow vergencgstagmus slow-phases), we propose that
control is essentially kinematic, where visual Llaggians can be optimised unconstrained by
neural signals. In non-singular control (gaze/egeades), neural noise limits performance
and imposes a speed accuracy trade-off (main segserA fundamental problem

confronting oculomotor control (and our understagdf it) is how to join non-singular to
singular arcs optimally. For example, the end-poartance of a saccade leaves uncertainty in
the initial conditions of the subsequent fixatiarstow-phase, which then influence the next
saccade/quick phase, and so on.

We examine experimentally and theoretically humptokinetic nystagmus as an example of
a velocity-position conflict that is intermediatettveen the canonical physiological ‘steady’
fixation and pathological ‘unsteady’ infantile nggimus. We reveal hitherto unappreciated
complexity in joining quick phases and slow pha¥®s.propose that (non-singular) quick-
phases have a strong influence over (singular)-ploases, and that a holistic approach is

required to understand oculomotor control.
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Early development of oculo-motor control

Claes von Hofsten & Kerstin Rosander
Uppsala University, Sweden

While ability to perform saccades is fairly well@doped at birth, the ability to perform
smooth adjustments of gaze direction is not. Tistilvelarly governed response (VOR) is

only partly functional and the visually guided srttopursuit (SP) is not functional (Rosander
& von Hofsten, 2000). From about 6 weeks of agevdwer, a very consistent improvement
takes place and within 2 months SP becomes a#tel{¥on Hofsten & Rosander, 1997).
During this developmental period the head alsordautes increasingly to gaze stabilization.
The problem, however, is that head tracking indW@R that needs to be inhibited if head
movements are going to contribute to gaze stakidimaThe inhibition of VOR is dependent

on ability to perform SP. SP predicts the motiamatks but the head does not. This creates a
problem for the early tracking and in certain ditaas the head and the eyes may move out of
phase and counteract each other. The neural cait&® in young infants seems to be
primarily situated in the Parietal-temporal-ocapjunction or MT+ region. Its activation

from motion increases over age as SP improvesattiation from visual motion does not
seem to originate in the occipital region but ratinem collicular-pulvinar loop (Rosander et
al. 2007; Wattam-Bell et al. 2010). Very prematufants show dramatic delays in the oculo-
motor system. They have very bad SP at 2 monthieated age but these delays are possibly
overcome later in development. At 10 months coecketge our data indicate that their SP

does not differ from typically developing infants.
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Fixation patterns during facial emotion recognition in children

Gustaf Oqvist Seimyr

St. Erik Eye Hospital

Karolinska Institutet, Stockholm, Sweden

As social beings, our ability to understand ematimvery important for communication with
others. The aptitude to recognize emotions apgedrs innate; infants prefer to look at
stimuli resembling faces and are able to imitatéafeexpressions after just a few days. By a
few months of age, children are able to expresgien®of their own and use them for
communication. Recognition of facial emotions faaies our learning of the mental
processes of others and supports the developmenotci@ skills. Faces appear to have a
special status in our visual system, not only aeebvased to look towards them; we are also

very fast when performing the fixation patternsuiegd for processing them.

Inattention to faces is an early developmental sighutism Spectrum Disorders (ASD) that
can be detected as early as by one year of agehiddren with ASD demonstrate deficits in
social interaction, verbal and nonverbal commurocatand repetitive behaviours or interests.
It is well known that children with ASD exhibit @dating eye movement pattern when
recognizing facial expressions. The cause of tfierdnces is however disputed. Eye
movement tracking may potentially be used as aly sareening device for ASD, but before

it can be used as such we need a better undensgaoidiixation patterns during facial

recognition in children with a normal development

In this talk, | will present results from an onggiaye movement study where 25 normally
developing children (~10 years) have looked at msagith five facial emotions (neutral,
happy, sad, angry, and scared). Emphasis will bempthe analysis of the time course of

fixations performed during recognition.
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Fixation stability and eye motility in adolescents with congenital or
early acquired visual field defects

Lena Jacobson

Astrid Lindgren Childrens Hospital, Karolinska University Hospital

Stockholm, Sweden

Malformations of the brain, pre-, perinatal andyacquired brain damage may involve the
posterior visual pathways and/or visual cortex eauase cerebral visual impairment. The
visual field (VF) outcome depends on localisatiod axtension of the lesion, but also on at
what stage of maturity the visual system was imjuhesults near term or in the more mature
brain tend to cause more severe restriction oVl field than malformations arising in the
first or second trimester and periventricular wiitatter damage occurring early in the third
trimester. This may be a consequence of reorgamisat the visual system by bypassing the
lesion in the ipsilateral hemisphere or maybe Ibgriremispheric reorganisation in the very
immature brain. In addition, ocular motor problesnsh as difficulties to maintain fixation,
strabismus, nystagmus and defect saccades andspostit movements and paroxysmal

deviations may also be a result of pre- and pairatin damage.

The functional visual field may be described asapct of the “neurological” visual field
and the eye movements. The long time consequencesgenital or early acquired VF
defects have not been well described. It is comthahVF defects in children with brain

damage remain undetected. This may partly be deffé¢otive compensation mechanisms.

To better understand the practical problems cabgezhrly acquired visual field defects we
studied fixation, eye alignment and scanning. Tisaal field function was assessed with
confrontation technique, Goldmann perimetry, VistiRarebit and Esterman computerized
perimetries. Fixation during perimetry was in twases registered with a video tracker from
Chronos. To illustrate our findings five cases wdiffierent patterns of cerebral pathology
causing VF defects will be presented. The funclidaoutcomes in these cases were,
besides by plasticity of the immature brain thaymeawire the posterior visual pathway in

some cases, also modified by nystagmus, exotropiaatomatic scanning.
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Benefits of four-muscle recession surgery for conge nital
nystagmus

Boyle N, Dawson E, Lee JP
Moorfields Eye Hospital, City Road, London, EC1V 2PD, United Kingdom

Introduction Conventional Anderson-Kestenbaum surgery was thestaround sixty years
ago for congenital nystagmus with null zone and pensatory head posture. In 1960 Bietti
and Bagolini suggested recession of all four hatiabrectus muscles for nystagmus without
a compensatory head posture. More recently von ddonog1991) and Helveston (1991)

published series showing improvement in visual tgowith this surgical approach.

Material and methods Between 1997 and 2002 we operated on 18 consequdivents aged
16 to 51 years (mean 32). Twelve were male andn@lie All had congenital nystagmus with
no other detectable ocular or systemic conditioxte®n had demonstrable binocular function
and stereopsis. Preoperative best corrected viaiged from 6/9 to 6/60. All underwent
recession of all four horizontal rectus muscles.aMeed all patients to fill in and return a
postal questionnaire regarding perceived benetith@surgery.

ResultsPostoperative best corrected vision was 6/9 to.Mate patients (50%) gained one

line of Snellen visual acuity. Six patients shovregroved stereopsis, 7 were static, 5 slightly
worse. All showed bilateral limitation of adductiand 16/18 also showed bilateral limitation
of abduction. All patients experienced significanstoperative pain up to 2 weeks post-op.
One patient had a scleral perforation, with nohfertsequelae. One had decompensation of
exophoria to exotropia, and one developed exotr@pie had persisting asthenopic

symptoms for around 6 weeks post-op. Fourteemgbteen questionnaires were returned.
Eight patients were glad they had had surgerydBferent, and 3 displeased. Eight reported
no change in their daily lives, 2 said computeesns were easier to see, 2 reported increased
confidence in eye contact. One reported that thestagmus was less variable when stressed.

One reported being more tired since surgery.

Conclusion Although half of patients stated that they wewrdghey had opted for surgery,

the maximum gain of one line of Snellen acuity whtined in only 8 patients. Seven of
fourteen patients stated in their questionnairasdldesire to drive was one of the reasons for
having surgery, but to date, none have obtainetivang licence. We conclude that the

procedure confers minimal visual benefit.
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Ocular counterroll and verticality perception
A.A. Tarnutzer (1,2), A. Palla (1), D. Straumann (1)

1. Department of Neurology, University Hospital Zurich, Switzerland

2. Department of Neurology, Johns Hopkins Hospital, Baltimore, USA
Changes of the static whole-body position in tHeplane influence the torsional position of
the eyes (static ocular counterroll) and the pdropf earth- and body-verticality.
Recordings of ocular counterroll (OCR), subjectnisual vertical (SVV) and subjective
visual longitudinal body axis (SVLBA) in healthy tman subjects at different whole-body roll
positions were analyzed in terms of accuracy (dengrom full compensation), precision
(intra-individual variability), and hysteresis (elational effect of whole-body roll
displacement). While the accuracy of OCR moduletaghly sinusoidally (largest deviations
in the 90 deg side positions), the accuracy of 3vid SVLBA is dominated by the A-effect.
The precisions of OCR and SVV as a function of pokition, however, modulate in parallel,
suggesting a common otolith input. OCR shows hgstsr i.e., in the upright position after a
guasi-static 360 deg roll, there is residual octdesion in the direction of the previous OCR.
In contrast, SVLBA is “leading” whole-body roll pgtisn, possibly as a visual consequence
of OCR hysteresis. In conclusion, OCR and vertigglerception as function of whole-body
roll are similar in terms of precision (relatedb@ common otolith input), but differ in terms

of accuracy and hysteresis (both related to visidhe perceptual tasks).
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Human fixation: higher level control and related as pects
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Traditionally, and in the context of the early mgeneering control systems models
employing internal neurological feedback contrbé human fixational eye movement system
responds to two primary types of oculomotor ertorsaintain accurate eye position during
attempted fixation---position and velocity. Thisxaaccount for much of its control ability
under most normal viewing conditions. However, urgtene ‘unusual’ normal viewing
conditions, and in some types of abnormal clinazallomotor conditions (e.g., nystagmus,
strabismus), various types of "higher level fixaabcontrol” can be exhibited involving

visual, auditory, and/or tactile feedback inforroati

In this presentation, several examples of sucheritgvel control, in both normals and
abnormals, will be described, along with their idal implications. This will include the
fixation versus hold' paradigm, oculomotor audittedback, external visual feedback, and

proprioception.
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How to find Nobel Forum

Address to Nobel Forum
Nobels vag 1, Karolinska Institutet

Find your way to Nobel Forum

Bus: 3, 47, 73, 506, 507, 607, 697 (stop: Karolinskstitatet)

Metro: Green line to S:t Eriksplan, change to bus 3,750

From Arlanda International Airport: Arlanda Express/Airport buses to the Central Stati
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