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Monocular nasotemporal optokinetic
asymmetry—unraveling the mystery
Michael C. Brodsky, MD
P
ediatric ophthalmologists encounter a unique vi-
suomotor phenomenon known as monocular naso-
temporal optokinetic asymmetry (MNTA).1,2 This

condition is characterized by brisk nasalward and poor
temporalward optokinetic responses under monocular
conditions of viewing (Figure 1A-B). Babies with normal
vision display this subcortical optokinetic bias within the
first few months of life, until cortical binocular vision is
firmly established.1-3 When infantile strabismus
precludes normal binocular development, however, this
optokinetic asymmetry persists throughout life.4-7 In this
way, MNTA provides a diagnostic “footprint in the
snow” of infantile strabismus. It also gives rise to latent
nystagmus and underlies its unique association with
infantile strabismus.8-11

What is the origin of MNTA, and how can we explain
its unique association with infantile strabismus? MNTA
is an ancestral visual reflex that is present in most
lateral-eyed afoveate animals.12,13 The afoveate retina
in lateral-eyed animals, such as fish and rabbits, corre-
sponds to the human nasal retina, because it views the
ipsilateral (temporal) visual field. Its retinotectal path-
ways project contralaterally to the nucleus of the optic
tract and the dorsal terminal nucleus of the accessory op-
tic tract (NOT-DTN) of the midbrain,14-17 which are
sensitive to full-field motion and facilitate optokinetic
stabilization of retinal slip during body movements.
The subcortical circuitry for optokinetic asymmetry is
shared by all vertebrates.16

During navigation, survival depends on distinguishing
real-world motion from body motion.15-17 To this end,
the optokinetic system encodes full-field visual motion
separately from labyrinthine signaling of head motion.
MNTA enables the animal to see where it is going
during both translational and rotational body move-
ments.15-17 Consider a fish with two eyes that each see
the ipsilateral side of visual space. When it swims
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forward, it would be visually disruptive to have both
eyes driven backward by optokinetic responses to radial
optic flow as it passes stationary contours that move
posteriorly relative to the body (Figure 1C). Because
fish are buoyant, they may also need to use posterior
optic flow to detect self-motion.18 It is therefore evolu-
tionarily advantageous to minimize temporalward opto-
kinetic responses to a receding visual world.15-18 As
aquatic visibility can be low, fish swim closer to
features that provide optokinetic input, enabling them
to use temporal optic flow to judge self-motion.18

But this is only half the story. When the animal turns to
one side, it needs to track the visual world that is moving
nasally, because that is the area it is turning toward
(Figure 1D). Because the nose and mouth are median (ie,
nasal) to the eyes, accurate tracking of nasalward circum-
ferential optic flow may help to stabilize the rapid visual
motion of the approaching hemifield, as the animal rotates
toward a salient nearby nutrient17 to inspect it with the
nose and ingest it with the mouth. At the same time, the
opposite eye is seeing an area from which the animal is
turning away, with objects likely at a further distance and
therefore producing less retinal slip, so that the eye
receiving nasalward visual input must dictate the optoki-
netic response for both eyes. So MNTA provides an inge-
nious evolutionary solution to enable the lateral-eyed
animal to use optokinetic rotation to visually navigate
both translation and rotation. In the zebrafish pretectum,
monocularly and binocularly driven clusters of direction-
ally selective horizontal motion detection cells are hierar-
chically organized to distinguish between translational
and rotational optic flow.19

Ontegeny recapitulates phylogeny for primitive reflexes
within the developing human visual system. In humans
with infantile strabismus, the cortical optokinetic pathways
reconfigure to the monocular subcortical template, so that
MNTA can bemodulated through the cortical pursuit cen-
ters as they establish ipsilateral connections to each NOT-
DTN.20-23 The resulting cortical pursuit asymmetry
can now generate MNTA to foveated optokinetic
targets.24-26 In this setting, infantile esotropia confers the
binocular advantage of restoring horizontal optokinetic
bidirectionality in the presence of MNTA.24 Horizontal
visual motion can be followed in either direction simply
by switching fixation to the eye receiving nasalward
input.27 In infantile esotropia, the human nasal retinas
realign in the frontal plane but continue to function as
they originally did in lateral-eyed afoveate animals. What
an evolutionary wonder!
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FIG 1. Monocular nasotemporal optokinetic asymmetry. A-B, In the human with infantile strabismus, monocular viewing results in strong nasal-
ward optokinetic responses (solid lines) and poor temporalward optokinetic responses (dashed lines) relative the viewing eye. C, In a fish that is
swimming forward, temporalward optokinetic responses (dashed lines) in response optic flow would rotate the eyes posteriorly and impede visu-
alization of the oncoming visual scene. D, In a fish that is turning to the right, nasalward rotation of nearby contours in the right hemifield of visual
space necessitates a strong and accurate optokinetic response in the right eye (solid curved line). As the fish turns away from the left hemifield of
visual space, more distant visual contours seen by the left eye (dashed curved line) are moving at slower velocities; therefore, the nasalward visual
input to the right eye dictates the optokinetic responses of both eyes.
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A possible clinical sign for orbital cellulitis
Distinguishing orbital frompreseptal cellulitis is important for determining the best therapeu-
tic course for the patient. Signs suggestive of orbital cellulitis include proptosis, strabismus,
restriction of eye movement, diplopia, orbital pain, decreased vision, afferent pupillary defect,
conjunctival injection, and chemosis. A sharp demarcation at the orbital rim may be a further
sign of orbital cellulitis. We examined photographs from several ophthalmology units of in-
dividuals with orbital and preseptal cellulitis. Of 7 eyelids with orbital cellulitis, 4 had a sharp
demarcation line running along the superior rim where the septum inserts. Only 1 of 17 eye-
lids with preseptal cellulitis had a demarcation line; the other 16 showed a diffuse pattern of
erythema. The possible anatomic explanation for this finding is that preseptal inflammation
due to some inflammatory process is not limited in the horizontal or vertical planes of the sub-
cutaneous tissue by the septum and thus demonstrates a more diffuse erythema. By contrast,
the septum prevents the spread of orbital inflammation superiorly, thus creating a sharp
demarcation line. This distinction is also present in patients with an orbital hematoma, where
the dark ecchymosis may have a sharp demarcation line where the septum prevents the pos-
terior hematoma from spreading superiorly. In the Figure, on the left is a child with preseptal
cellulitis and diffuse erythema; in the middle, a child with orbital cellulitis and a sharp demar-
cation line along the superior orbital rim; and on the right, a child with an orbital hematoma
showing a sharp superior demarcation line.
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