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l.  SCIENTIFIC PRINCIPLES

S.R.
The movement of each eyeball in its orbit is MUSCLE EYE DIRECTION s.0.,
caused by the individual contractions of six small Inferior Rectus Downward .
voluntary muscles attached to the surface of the Superior Rectus UP“’?Id MR 0 F R
eyeball. Four of the six muscles run straight from ;;:;::llg:::l‘: ha;z:}g | . i
origin to insertion, and thus are termed recti Superior Oblique Down and Laterally . 4
muscles (rectus, straight): the superior rectus, Inferior Oblique Up and Laterally 1.0. '
the inferior rectus, the medial rectus, and the LR.

lateral rectus. The remaining two muscles are
obliquely attached to the eyeball surface and are  Fig. 8.1 Muscles of the (labeled for the left eye)

called the superior oblique and the inferior
oblique (Fig. 8.1). Collectively, the four recti muscles and the two oblique muscles are called extrinsic eye muscles.

Contractions of the extrinsic muscles are controlled by way of motor pathways in the brain and three pairs (one right,
one left) of cranial nerves. Cranial nerve lll, the oculomotor nerve, supplies all extrinsic eye muscles except the
superior oblique and the lateral rectus. Cranial nerve |V, the trochlear nerve, supplies the superior oblique. Cranial
nerve VI, the abducens nerve, innervates the lateral rectus.

When a normal person gazes at an object, the fixation point of the gaze is projected onto corresponding sensory
areas in the foveas of the retinas. The occipital lobe cortex integrates the sensory information from each retina,
producing normal, single binocular vision. If there is a disruption in the alignment of the eyes, there is a loss of retinal
correspondence and the result may be diplopia or double vision. Nine cardinal directions of gaze in concerted eye
movement and the extraocular muscles moving the eyes to the gaze position are shown in (Fig. 8.2).
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Fig. 8.2 Nine cardinal directions of gaze

When a person maintains visually focused on a moving object without moving the head, such as in watching the
swinging pendulum of a clock, each eye must move precisely and in concert with the other for the brain to receive the
sensory information required to produce a clear, single image of the moving object. The eyeball movement involves
the extraocular muscles, their cranial nerves, and motor control centers in the brain. For example, as the clock
pendulum swings from left to right, the left eye moves medially (medial rectus/cranial nerve lll), and the right eye
moves laterally (lateral rectus/cranial nerve VI). When the pendulum swings back, the eye movements are reversed.
Visual sensory information regarding the change of position of the moving pendulum is used by the brain to grade the
contractions of extraocular muscles so as to maintain the visual fixation point as the pendulum slows and speeds up
during its swing. The oscillating, or back and forth voluntary movements of the eyes, are a form of tracking
movement in which the eyes maintain a visual fix on an object moving within the visual field.

Coordinated voluntary eye movements are initiated and controlled in the motor cortex of the frontal lobes. Cortical
activity associated with motor control of the extraocular muscles can be detected and recorded using conventional
electroencephalographic techniques. Electrooculography (EOG) is the measurement and interpretation of
electrooculograms, which are the electroencephalographic tracings obtained while the subject, without moving the
head, moves their eyes from one fixation point to another within the visual field.

An EOG recorded from temporal electrodes placed at the lateral margin of the orbits of a subject visually tracking the
movement of a pendulum is shown in (Fig. 8.3). The sinusoidal nature of the tracing disappears when the pendulum,
and hence the visual tracking, is stopped. If the subject closes the eyes and imagines a swinging pendulum, the EOG
again becomes sinusoidal but jerky, suggesting a reduction in neuromuscular control of the eyes due to the loss of
visual sensory input to the brain.
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Other changes in the EOG may be recorded when a
00 subject is asked to silently read a brief paragraph,
pause, then reread aloud the same paragraph. As the
words in each sentence are read, the eyes move

pos quickly and in a jerky manner from one fixation point (a
word) to another. Quick, jerky, voluntary movements of
the eyes are called saccades (saccade — jerky). When

.

- e the reading is silent, the eyes move more quickly from
14000 2100 secongs 28000 26000 left to right as the lines are read. When the lines are
read aloud, the auditory input slows eye movement to
Fig. 8.3 EOG Tracking allow time for each seen word to be spoken.

EOG is commonly used to assess visual defects
involving neuromuscular control of the eyes, such as in diagnosis and treatment success of sixth nerve palsy
(paralysis of the lateral rectus). Similar eye movement/cranial nerve tests using other cardinal gazes (Fig. 8.2) may be
employed in diagnosis and assessment of eye disorders. In addition, recent applications include the use of EOG in
the design of robotics, such as motorized wheelchairs and other devices that can be guided or otherwise controlled
by movement of the subject’s eyes.

In this lesson, you will record horizontal eye movement and study saccades and fixation.

1. EXPERIMENTAL OBJECTIVES

1) Record EOG on the horizontal plane and compare eye movements under the following conditions: pendulum
tracking, pendulum simulation, reading silently, reading aloud, reading challenging material.

2) Measure duration of saccades and fixation during reading.




