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Functional Relationship between the Vestibular Canals
and the Extraocular Oblique Muscles

Jeh Hyub Kim, M.D.

Department of Physiology, Chonnam University Medical School
Kwangju, Korea

This experiment was designed to explore specific functional relationship between the vestibular
canals and the extraocular oblique muscles by observing the isometric tension responeses of the muscles
to the selected vestibular canal excitation. The vestibular excitation was simulated by either stimulation
of the individual canal nerve or endolymphatic fluid displacement in each canal.

Each canal nerve was subjected to square wave pulses with a monopolar wire electrode placed closely
to the ampullary nerve endings for electrical stimulation, and a fine stainless cannula was introduced
into the each canal toward the ampulla and a minute amount (0.5~3. 5 microliter) of fluid was in-
jected in or ejected out by means of a microsyringe connected to the cannula to produce ampullopetal
or ampullofugal displacement of endolymphatic fluid.

The superior oblique muscle was contracted by the excitation of homolateral canals and was relaxed
by contralateral canals. On the contrary, the inferior oblique was contracted by the contralateral canals
and was relaxed by the homolateral canals.

Summation of excitatory and inhibitory canal effects from the bilateral vestibular system was de-
monstrable on the tension changes of the oblique muscles. Excitation of either dual or triple canals of
the unilateral vestibular system also caused summation effect on the tension response of the oblique
pair; thus multiple signals from the different ampullary receptors seems to be converged into the
relevant ocular motor muclei.

Since the superior and inferior obliques are known to receive their motor fibers from the contrala-
teral trochlear nuclei and intermediate nuclei of the homolateral oculomotor complex respectively, the
above experimental evidences indicate that the ocular motor nuclei for oblique muscles receive excita-

tory signals from the contralateral vestibular canals and inhibitory signals from the homolateral

canals,
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Fig. 1. Effect of unilateral triple canal stimulation on
the isometric tension of the oblique muscles.
A) Responses of the right superior and inferior
oblique muscles (RSO & RIO) to overlapped
stimulation of the contralateral canals, left su-
perior (8), horizontal (H) and inferior (I)

canals.

B) Responses of the left superior and inferior
oblique (LSO & LIO) to overlapped stimulation
of the ipsilateral canals. ‘
The periods of electrical stimulation are shown
by the heavy horizontal line; the numeral
figures denote the stimulus intensity in volt.
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Fig. 2. Summation of bilateral vestibular effects on the
right obligue muscles (RSO & RIO)

A) Left superior canal (S) nerve stimulation was
added to right inferior canal (I) nerve stimu-
lation.

B) Left inferior canal stimulation was added to
right superior canal stimulation.

Notations as in Fig. 1.
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Fig. 3. Isometric responses of the right oblique pair
(RSO & RIO) to endolymphatic displacement
produced in the ipsilateral (nght) inferior
canal.

A) Graded respcnses to the ampullopetal and
ampullofugal flow produced by different amo-
unt of endolymphatic displacement.

B) Overlapped responses to the endolymphatic
flow with alternate directions.

Heavy horizontal line with up and down deflec-
tions indicate the time at which the endolym-
phatic displacement was produced; ——, in-
jection of fluid; =—~~—, ejection cf flvid; the
numerical figures indicate the amount cf fluid

displacement in microliter.
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Fig. 4. FEffect cf bilateral vestibular canal excxtatlon
elicited by endolymphatic displacement on the
unilateral (left) oblique muscles (LIO & LSO).

A) Separate response to excitation cf the ipsila-
teral (left) and the contralateral (right) inferior
canal (LI & RI).

B) Summation effect of overlapped excitation of
the ipsilateral and the contralateral canals (LI
& RD.

-2 ampul-
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Fig. 5. Effect of overlapped excitation of umlateral

vertical canals on the right obliques (RSO &
RIO).

A) The homolateral (right) superior canal exci-
tation (S) was overlapped by the inferior
canal excitation (I).

B) The contralateral (left) superior canal exci-
tation (S) was overlapped by the inferior canal
excitation (I).
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Fig. 6. Summation effect cf unilateral triple canal ex-
citation on the right superior oblique muscle.
A) Overlapped effect of ipsilateral triple canal
excitation produced successively with short in-
tervals,
H. horizontal; S. superior; I. inferior canal.
B) Separate effect cf the individual canal excita-
tion.
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