











diminished to zero. This is shown in Fig. 5 as third
degree nystagmus (by Alexander’s classification).
When one canal output was only partially reduced and
the other normal, the nystagmus was smaller in ampli-
tude and was absent in ipsilateral or in both ipsilateral
and center gaze, as indicated by the second and first
degree labels in Fig. 5.

Figure 6 illustrates the quantitative relationship
between the amplitude of the nystagmus, the angle of
desired gaze, and the amount of canal dysfunction. The
linear property of these curves is a result of our simple
interpretation of Alexander’s law, i.e., the amplitude of
third degree nystagmus increases linearly with increas-
ing gaze in the direction of the fast phase. The parallel
property of the curves is again a result of our linear
approximation of the variation of nystagmus with
canal deficit.

4. Discussion

We have developed an analog computer model that
simulates the gaze-dependent variation of the slow
phase of vestibular nystagmus in accordance with
Alexander’s law. The model incorporated current
anatomical and physiological concepts of the
vestibulo-ocular arc and version eye movements. As an
initial simplifying assumption the frequency of the
nystagmus was held constant (at 3.33 Hz). The com-
puter was adjusted to automatically zero its output
approximately every 0.30s, thereby simulating the
action of the fast phases of nystagmus. During this
time the slow phase drift increased at a rate determined
by the model output. The results from the model
suggest a quantitative relationship between nystagmus
amplitude, vestibular imbalance, and desired gaze. The
model provoked some interesting questions: 1) Is the
relationship between the amplitude of the nystagmus
and the desired gaze angle actually linear? 2) For a
given angle of gaze, is the change in nystagmus ampli-
tude a linear function of canal deficit? 3) How does the
nystagmus frequency vary with gaze? 4) Is the present
definition of intensity (frequency times amplitude) the
best dependent variable to measure? Consequently,
studies of calorics on normal subjects have been
initiated in our laboratory to answer these questions
and to provide additional direction for our modelling.

Two crucial aspects of the model are the slow phase
modulator (S¢M) and the push-pull configuration of
the neural integrators. The S¢ M allowed desired gaze
signals to modulate vestibular imbalances. The result-
ing signal needed to be integrated in a way which
would produce a linear movement of the eyes by an
increase in muscle agonist force and a decrease in
antagonist force. The rather simple push-pull feedback
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Fig. 5. Recordings of the outputs from the model with various
parameter settings to simulate three degrees of nystagmus (I-III)
variation with gaze. Blank areas imply no nystagmus
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Fig. 6. Plots of variations of nystagmus amplitude as a function of
gaze angle and the amount of simulated semicircular canal dysfunc-
tion. LC': left canal, RC: right canal

network accomplished this. Integration is performed in
the paramedian pontine reticular formation
(Robinson, 1975a; Robinson, 1975b) and slow phase
modulation presumably occurs in the same region.
The model suggested a possible neural configu-
ration, shown in Fig. 7, which would produce nys-
tagmus from vestibular imbalance which varied with
gaze. The vestibular nuclei (RVN, LVN) transfer excit-
atory signals contralaterally and inhibitory signals
ipsilaterally to the neural integrators (NI). Prior to
synapsing with the integrators, these signals are modu-
lated by desired gaze (G,, G,) and tone (T) signals.
When no imbalance between vestibular nerve activity
from each side is present, the summed gaze and tone
signals (G) are prevented from passing by means of the
presynaptic inhibition supplied by a postulated bias
(B). When an imbalance of vestibular activity occurs,
this inhibitory bias is turned off by additional pre-
synaptic inhibition. Such inhibition of inhibitory sig-
nals is not unusual in other areas of neurophysiology
(Eccles, 1964; Davidoff, 1978). Also shown are the
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Fig. 7. A possible neural “wiring diagram” suggested by the model. The upper half of the diagram corresponds to the right side of the brainstem
and the lower half to the left side. Open circles represent excitatory neurons; filled circles represent inhibitory neurons. Dysfunction of the left

semicircular canal is signified by a large X through LC

ocular motor nuclei (OMN) and the eye muscles. With
dysfunction of the left canal (LC), the right canal (RC)
leads to increased stimulation of the left lateral rectus
(LLR) and right medial rectus (RMR) causing the eyes
(represented here as one eye) to drift to the left.
Intervening saccadic pulses from the right pulse gener-
ator (RPG) move the eyes back to their pre-drift
position. The waveforms shown represent changes in
the neural firing frequencies and eye position (0p).

Acknowledgement. Supported in part by U.S. Public Health Service
Grant IT32EY-07021-04.

References

Alexander, G.: Die Ohrenkrankheiten im Kindesalter. In:
Handbuch der Kinderheilkunde, pp. 84-96. Pfaundler, M.,
Schlossmann, A. (eds.). Leipzig: Vlg. F. C. W. Vogel 1912

Barr, C.C., Schultheis, L.W., Robinson, D.A.: Voluntary, nonvisual
control of the human vestibulo-ocular reflex. Acta Otolaryngol.
81, 365-375 (1976)

Chun, K.S., Robinson, D.A.: A model of quick phase generation in
the vestibuloocular reflex. Biol. Cybernetics 28, 209-221 (1978)

Davidoff, R.A.: Synaptic transmission in the mammalian central
nervous system. Weekly Update: Neurology and Neurosurgery
1, No. 24 (1978)

Eccles, J.C.: The physiology of synapses. Berlin, Gottingen,
Heidelberg, New York: Springer 1964

Fernandez, C., Goldberg, J.M.: Physiology of peripheral neurons
innervating semicircular canals of the squirrel monkey. II.
Response to sinusoidal stimulation and dynamics of peripheral
vestibular system. J. Neurophysiol. 34, 661-675 (1971)

Melvill Jones, G.: Organization of neural control in the vestibulo-
ocular reflex arc. In: The control of eye movements, pp.
497-518. Bach-y-Rita, P., Collins, C.C., Hyde, J.E. (eds.). New
York, London: Academic Press 1971

Robinson, D.A.: Oculomotor control signals. In: Basic mechanisms
of ocular motility and their clinical implications, pp. 337-374.
Lennerstrand, G., Bach-y-Rita, P. (eds.). Oxford, New York:
Pergamon Press 1975a

Robinson, D.A.: The neural basis for pontine and cerebellar control
of eye movement. Jpn. J. Ophthalmol. 19, 25-38 (1975b)

Young, L.R.: Role of the vestibular system in posture and move-
ment. In: Medical physiology, pp. 704-721. Mountcastle, V.B.
(ed.). Saint Louis: C. V. Mosby 1974

Received : June 17, 1979

Dr. L. F. Dell’Osso
Neurology Service 127 A
V. A. Medical Center
Miami, FL 33125, USA

Verantwortlich fiir den Textteil: Prof. Dr. W. Reichardt. Max-Planck-Institut fiir biologische Kybernetik. Spemannstr. 38. D-7400 Tiibingen. Verantwortlich fiir den Anzeigenteil: L. Siegel.
G. Sternberg. Springer-Verlag. Kurfiirstendamm 237. D-1000 Berlin 15. Fernsprecher: (030) 8821031, Telex: 01-85411. Springer-Verlag. Berlin - Heidelberg - New York.
Druck der Briihlschen Universititsdruckerei. Gieen. Printed in Germany. —(© by Springer-Verlag Berlin Heidelberg 1979

Das Heft enthilt eine Beilage des Springer-Verlages Berlin, Heidelberg, New York



	Scan-090816-0001
	Scan-090816-0002
	Scan-090816-0003
	Scan-090816-0004
	Scan-090816-0005
	Scan-090816-0006

