CONTROL OF EYE MOVEMENTS

The extraocular muscles that move the eyes are innervated by cranial nerves
111, IV, and VI. Exquisite control of eye movements is due to the upper motor neurons
that project to and coordinate the activities of the oculomotor, trochlear, and
abducens nuclei. A large number of higher centers project to these nuclei, and
the resultant eye movement is the sum of all the inputs. The so-called
“supranuclear’ control of eye movements is still incompletely understood, and
the pathways that are known are complex. What follows is a brief description
of the major neural systems that influence the lower motor neurons of the oculo-
motor, trochlear, and abducens nuclei.

The following three points should be emphasized:

I. Most ocular movements are reflex in nature and, therefore, are controlled
by involuntary systems.

2. Eye movements are either slow and smooth (slow pursuit) or fast and jerky
(saccades). Slow pursuit movements are always involuntary, whereas sac-
cadic movements can be voluntary or involuntary.

3. Eye movements can be further classified as conjugate, i.e., both eyes moving
in the same direction, or vergent, i.e., eyes moving in opposite directions, either
convergent or divergent. Vergence movements are usually involuntary.



Gaze Centers

Center for Lateral Gaze

Movements in the horizontal plane, i.e., left or right, are coordinated by cells
in the pontine reticular formation called the lateral gaze center (also known as the
Paramedian Pontine Reticular Formation [PPRF]). These activate the ipsilateral
abducens nucleus, thereby causing abduction of the ipsilateral eye and, at the
same time, activating the contralateral subnucleus of the oculomotor complex
which innervates the medial rectus muscle and causes adduction of the con-
tralateral eye. The axons from the lateral gaze center ascend in the medial lon-
gitudinal fasciculus (Fig. 6).
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Figure 6 Movement in the Horizontal Plane



Center for Vertical Gaze

A center for vertical gaze that coordinates movement in the vertical plane
is thought to exist in the periaqueductal gray matter of the midbrain at the lev-
el of the superior colliculus (Fig. 7). However, its location has not been identi-
fied with certainty. It projects to the oculomotor subnuclei which innervate the
superior and inferior rectus and inferior oblique muscles, and to the trochlear
nucleus, which innervates the superior oblique muscle. The neurons that coor-
dinate torsional movements (around the anteroposterior axis) are probably close
to, or the same as, the vertical gaze neurons—since all muscles that move the
eyes vertically also move them torsionally (see also Fig. 1V-5).
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Figure 7 Movement in the Vertical Plane



Vestibular Reflex

The function of the vestibular reflex system is to move the eyes in order
to compensate for movements of the head so that visual fixation upon a chosen
object can be maintained. The movements involved are of the slow pursuit type.

The vestibular apparatus is the major influence in this reflex system
(Fig. 8). When the head is moved, movement is detected by the semicircular
canals, and information is sent along the eighth cranial nerves to the vestibu-
lar nuclei, which, in turn, project to the third, fourth, and sixth nuclei directly
and via the gaze centers. This causes compensatory movement of the eyes in
a direction opposite to that of the head. The cerebellum and other motor centers
also help to coordinate this movement.
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Figure 8 Vestibular Reflex Illustrating Horizontal Eye Movement Only



The vestibular apparatuses on both sides exert a tonic influence on the mus-
cles of the eyes which drives them to the contralateral side. Normally this in-
put is balanced so that the eyes tend to the midline of gaze. The function of
the vestibular apparatus and the eighth nerve can be tested by irrigating the
external acoustic meatus with warm or cold water to set up convection cur-
rents in the fluid of the labyrinth and by examining the resulting eye movements.

Visual Fixation and the Optokinetic Reflex

The function of this system is to maintain fixation upon an object that is
moving in the visual field. The eye movements are of the slow pursuit type (see
Fig. 11-9 for details of the visual input to the visual cortex).

Axons from the primary and association visual cortices in the occipital lobe
travel parallel and medial to optic radiation fibers and pass through the posterior
end of the internal capsule to reach the midbrain at the level of the superior
colliculus. Some of the fibers terminate here in the vertical gaze center in the
periaqueductal gray, whereas others descend to the lateral gaze center. These
gaze centers, in turn, enable corrective movements of the eyes to keep a moving
image constantly projected on the fovea. Figure 9 illustrates only the horizon-
tal component of this reflex.

Other Oculomotor Reflexes

Loud noise or pain on the side of the face causes the eyes to turn reflexly
towards the sound—or source of pain—via projections from the cochlear and
trigeminal nuclei to the gaze centers.

Note: For accommodation reflex see Figures I1I-9A and 11I-9B.

Voluntary Eye Movements

The cortical centers for voluntary eye movement, the frontal eye fields (see
Fig. 9 insert), are located in the middle frontal gyri. Cortical axons descend in the
anterior limb of the internal capsule to the midbrain, where some terminate
in the vertical gaze center, and others decussate and descend further to the
lateral gaze center. These axons direct the gaze to a new point of fixation. The
movement is saccadic in nature. The frontal eye fields override the influence
of the systems described above that tend to maintain fixation.

Nystagmus

Nystagmus is an oscillating conjugate movement of the eyes characterized
by a slow pursuit movement in one direction followed by a saccadic jerk back
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Figure 9 Frontal Eye Field (The Center for Voluntary Eye Movements)






