OCULAR MOTILITY FOR FLIGHT SURGEONS OBJECTIVES

INTRODUCE
The importance of excellent binocular vision for the aviator.

DISCUSS
Anatomy and actions of extraocular muscles (EOM's) and terminology dealing with ocular motility.

UNDERSTAND
The clinical ocular motility tests conducted or supervised by the flight surgeon.

CLASSIFY
Disturbances of motility most commonly seen in flight medicine, in the context of current USAF physical standards, with cases for discussion.

INTRODUCTION
Excellent visual acuity is not the only essential visual function for flyers. Equally important is a balanced. coordinated, finely tuned ocular motility system. Stereopsis is a high level of depth perception with normal binocular coordination a prerequisite. Excellent binocular capabilities, Including stereopsis, facilitate accurate target acquisition and tracking, and assessment of critical distances for formation flying, refueling, landing. Smooth and efficient eye movements allow rapid switching from instrument viewing to reading checklists to fixating distant targets. A breakdown in binocular vision under stresses (fatigue, hypoxia, illness, medications) may lead to dangerous diplopia or visual confusion which may- result in aircraft accidents.

The flight surgeon should be able to inspect the eyes for a manifest strabismus. He should have some understanding of phorias and tropias, their measurement, and the significance of these findings. He should have some knowledge of the tests for stereopsis and depth perception. He should be familiar with the ocular motility tests and results recorded on the AF Form 88 and the ocular motility standards for aviators in AF Regulation 160-43. Finally, he should be familiar with the signs and symptoms of the most common disturbances of ocular motility or alignment which may require the grounding of flyers and further evaluation by an ophthalmologist and/or referral to USAFSAM.
ANATOMY

There are six extraocular muscles per eye that are involved with eye movements or rotations. Five of these muscles originate at the orbital apex and run forward to insert onto the globe at points varying from 5 to 8 millimeters from the corneal limbus. These muscles are the VERTICAL AND HORIZONTAL RECTUS muscles: superior, inferior, medial, and lateral. The other two muscles, the SUPERIOR AND INFERIOR OBLIQUES, functionally originate in the medial orbital wall, with the superior oblique originating from the orbital apex and running forward through a pulley, the trochlea, on the superior, medial aspect of the orbital rim before inserting onto the superior globe under the superior rectus. The inferior oblique originates on the anterior nasal orbital floor; courses under the inferior rectus to insert under the lateral rectus just anterior to the macula.

INNERVATION of the extraocular muscles is accomplished by the OCULOMOTOR nerve, CRANIAL NERVE III, except for the lateral rectus and superior oblique. The innervation of the latter two can be remembered by the "chemical formula:" LR6 S04. The lateral rectus is innervated by CRANIAL NERVE VI the ABDUCENS nerve, and the superior oblique by the TROCHLEAR nerve, CRANIAL NERVE IV.
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ACTIONS of the extraocular muscles (EOMS) may be described as primary, secondary, and tertiary and may vary with different starting eye positions. These are summarized in the following chart and will be demonstrated in the video.

ACTION OF THE EXTRAOCULAR MUSCLES FROM THE PRIMARY POSITION 

MUSCLE: 
ACTION: PRIMARY 
SECONDARY
TERTIARY

Medial rectus
adduction

Lateral rectus
abduction

Inferior rectus 
depression 
excycloduction
adduction 

Superior rectus 
elevation 
incycloduction 
adduction 

Inferior oblique 
elevates 
excycloduction
abduction

 Superior oblique
depression
incycloduction
abduction

TERMINOLOGY OF OCULAR MOTILITY 
(*key concepts indicated with*)

PRIMARY POSITION OF GAZE refers to straight ahead gaze, visual axes parallel, patient viewing at infinity. This is the position implied when the actions of the muscles are described.

*DUCTIONS refer to eye movements made by one eye at a time. One may note an abnormality of movement on versions, or binocular eye movements, which is not present on ductions. This may be important in ruling out a cranial nerve palsy. ADDUCTION is a horizontal monocular eye movement toward the nose; ABDUCTION is away from the nose.

*VERSIONS refers to the two eyes moving together in the same direction, left, right etc. This is called CONJUGATE MOVEMENT.

*VERGENCE EYE MOVEMENTS are those in which the two eyes move opposite to each other. CONVERGENCE AND DIVERGENCE are DISCONJUGATE eye movements. During convergence both eyes move in toward the nose for viewing near targets, close reading etc. During divergence both eyes move outward from their starting point of fixation to view more distant targets.

TORSIONAL MOVEMENTS are rotational movements of the eyes around the axis. INCYCLODUCTION or INTORSION refer to a nasalward rotation of the twelve o'clock limbal position. EXCYCLODUCTION or EXTORSION refers to temporalward rotation, with reference to the twelve o'clock limbal position.

CARDINAL POSITIONS OF GAZE isolate the actions of the six extraocular muscles. These six positions are right and up, right, right and down, left and up, left, and left and down. The obliques are used more in adduction; the vertical rectus muscles more in abduction.

YOKE MUSCLES are the "teamed" muscles, on in each eye, which contract during a version for example, the R medial rectus and L lateral rectus are yoke muscles when making a version to the left. HERING's LAW OF EQUAL INNERVATION states that yoke muscles receive equal and simultaneous innervation.

CARDINAL POSITIONS
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FICK'S AXES comprise the three axes of the eye which allow the eye freedom of movement similar to an airplane (yaw, pitch, and roll), controlled by extraocular muscles.

X Axis - horizontal-elevation and depression (vertical recti and obliques)

Y Axis - anteroposterior-intorsion and extorsion (obliques and vertical recti) Z Axis - vertical-adduction and abduction (horizontal recti)
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SYNERGISTIC ACTION occurs when two muscles in the. same eye participate in producing the same eye movement. Example - The superior rectus and inferior oblique are synergistic in

elevation and the Inferior rectus and superior oblique are synergistic in depression, in primary position.

ANTAGONISTIC ACTION occurs when two muscles of the same eye oppose each other. The superior and inferior recti are antagonists to each other for elevation and depression in primary position. SHERRINGTON'S LAW states that antagonistic muscles receive equal and opposite innervation so that when one contracts, the other is inhibited and relaxes.

SACCADE is a quick, refixation eye movement. (Target acquisition)

SMOOTH PURSUIT is a slow, smooth following movement. (Maintains target on fovea.)

FUSION occurs when the images from each eye, of the object of regard, are combined in the occipital cortex. With normal binocular balance and equal and good acuity present, fusion allows stereopsis.

STEREOPSIS in the binocular sensation of relative depth caused by horizontal retinal image disparity (the images of the object of regard are slightly offset due to the eyes being separated by the interpupillary distance). Stereopsis requires good acuity and fusion

HETEROPHORIA is a non-aligned position of rest of the eyes, relative to each other, when fusion is interrupted (i.e. a cover is placed before one eye). Most normal individuals have some small degree of phoria. This may also be termed deviation, i.e., can only be brought out by interruption of vision in one eye. It is characterized by normal acuity in each eye, normal stereopsis, and no suppression of signals from either retina by the visual cortex causing amblyopia.

*HETEROTROPIA (STRABISMUS, SQUINT) is a MANIFEST or visible eye deviation that is present when both eyes are viewing a target. It is present in 3% of the population. It may be present part-time, INTERMITTENT HETEROTROPIA. It is often characterized by unequal acuity in the two eyes, with suppression of central vision in one eye by the visual cortex to avoid diplopia (amblyopia), and subnormal stereopsis.

OPHTHALMIC SHORTHAND
Esophoria- 
E (at distance), :

E' (at near)

Esotropia-
ET (at distance) 

ET (at near)

E(T) intermittent ET

Exophoria- 
X (at distance)

X' (at near) Exotropia​
XT (at distance) 
XT (at near)

X(T) intermittent XT

OD - oculus dexter- right eye

OS - oculus sinister- left eye

OU - oculi uterque - each eye together

OCULAR MOTILITY TESTS FOR FLIGHT MEDICINE

The aviator is- first screened for the presence of a phoria in the VTA-ND screener. The flight surgeon must verify by EXTERNAL EXAM, HIRSCHBERG TEST, and COVER and ALTERNATE COVER TESTING, that the eyes are aligned and that any phoria is within standard limits. The RED LENS TEST is a screening test performed by the flight surgeon, as well as by the optometrist or ophthalmologist. Failure of this test is not disqualifying by itself but necessitates referral to an ophthalmologist for a full motility evaluation.

The EXTERNAL EXAM involves simply inspecting the patient for proper ocular alignment.

The HIRSCHBERG TEST allows an estimate of the amount of any manifest deviation (tropia) present at near by noting the corneal light reflexes as the patient fixes a pen light presented midline at near. The examiner sights over the light. The reflexes should be symmetrical and slightly nasal to the center of each pupil, as the patient fixes on the light. Each millimeter of decentration from symmetrical position is equal to 7 degrees, or 15 prism diopters, of deviation. The addition of hand-held prisms to bring the corneal light reflexes to a symmetrical, central position allows numerical quantification of any angle of deviation present. This test, with the prism modification, is called the KRIMSKY test.

The COVER TEST is done first at distance with the patient wearing his full refractive correction and fixing a threshold acuity target to stabilize accommodation. This prevents artifacts due to accommodative convergence. The UNILATERAL or COVER-UNCOVER test is done first by covering, then uncovering, one eye at a time. The covered eye is observed for any deviation. Then, it is observed as it is uncovered for refixation movements. By covering one eye, fusion is interrupted, and the eyes are allowed to relax to a phoric state. If the eye under the cover was initially exo, it will saccade nasally to regain bifoveal fixation when uncovered. If initially eso, an outward saccade will be required. If no movement is noted, the covered eye remained straight or orthophoric under the cover. The cover-uncover is then repeated on the opposite eye.

The COVER-UNCOVER test is then performed with attention given to the uncovered eye. If the eye remaining uncovered makes a refixation movement, as the opposite eye is covered, the uncovered eye was initially tropic or strabismic. A refixation movement nasalward, implies an exotropia, and a temporalward movement implies an esotropia. The cover test is repeated on the opposite eye to determine whether the tropia is only in one eye (unilateral), or whether the condition is alternating. This will be demonstrated and discussed more fully in the laboratory.

Part two of cover testing is the ALTERNATE cover test which is used to assess any amount of tropia and/or phoria, if present. This test is accomplished by rapidly alternating the cover from one eye to the other, at about one second intervals, and watching each eye as it is uncovered. Fusion is never allowed during this test. Movement indicates necessary refixations as the eye moves from its deviated position(phoria/tropia), to take up fixation of the target. Some degree of phoria is normal. Again, more of this will be presented in the laboratory.

AF standards limit the magnitude of phorias in aviators because large phorias need to be controlled by greater convergence or divergence efforts. Fusional vergence may break down due to fatigue, hypoxia, drugs, or illness and result in strabismus, diplopia, and possibly aircraft mishaps.

The RED LENS TEST verifies binocular alignment and fusion in the cardinal positions of gaze. The Red Lens test is required on flying training and USAF Academy physical exams. The Red Lens test may also be done when tropias or excessive phorias are noted to isolate the primary muscle involved. To conduct the test, seat the patient one meter from the target (lines crossed at 90 degrees and extending for 30 from the central fixation point). The patient's head is stabilized by means of a chin rest. The center of fixation must correspond to the level of the eyes above the floor. A red lens is placed over one eye. Allowing eye movements only, a target light is followed by the subject out to 30 degrees in each cardinal position of gaze. The white light, when viewed binocularly should appear as a single pink light. A breakdown to two lights, or a color change from red to white indicates either a breakdown of fusion or suppression of one eye and requires a full motility evaluation by an ophthalmologist.

USAF OCULAR MOTILITY STANDARDS IN 48-123 (NOV 94)

Class I (undergraduate pilot training)

Class IA (undergraduate navigator training)

Class II (experienced pilot or navigator, flight surgeon)

All must meet these standards:

Esophoria less than or equal to 10 prism diopters (pd) 
Exophoria less than or equal to 6 prism diopters 
Hyperphoria less than or equal to 1.5 pd 
No heterotropia allowed

Near point of convergence closer than 70mm 
No diplopia on the red lens test

Class III (flight nurses, boom operators etc.) 
Esophoria less than or equal to 15 pd 
Exophoria less than or equal to 8 pd 
Hyperphoria less than or equal to 2 pd 
ET or XT less than or equal to 15 pd 
Convergence and Red lens test not considered

OCULAR ALIGNMENT DISORDERS IN AVIATORS

There are only a few ocular alignment disorders referred to USAFSAM with any significant frequency. The two primary diagnoses are microtropia and intermittent exotropia. An occasional case of accommodative esotropic spasm demonstrates the possible complication of excessive hyperopia presenting as an acquired strabismus.

A USAFSAM ophthalmology study group has followed over 200 aviators returned to flying with waivers for microtropia, almost all microesotropia, that were discovered after completion of flying training. This condition is usually asymptomatic. It is incidentally discovered, when the patient fails the fine distance stereopsis test on the VTA-ND, but may or may not pass the Verhoeff and Howard-Dolman. The eyes appear straight and move normally, but in reality there is small deviation in one eye. Only a very slight or no shift may be seen on cover testing. It can be demonstrated by the 4 diopter base out prism test, Bagolini lenses, Worth 4 dot, and other tests. Our understanding of this condition is not complete.

Gross depth perception is often normal. These individuals are frequently accomplished athletes! Visual acuity in the two eyes is equal or near equal with only slight, subtle amblyopia being present in one eye on occasion. A central suppression scotoma in the deviated eye may be noted on special sensory testing. The cause of microtropia appears to be a tiny misalignment of inputs in the visual cortex during a critical stage of development, probably before age three. This condition, in the aviators followed, appears to be very stable, with no surgery or other treatment indicated.

A second condition, less commonly seen at USAFSAM Ophthalmology Branch, is intermittent exotropia. The individuals with this condition are often aware that one eye wanders out when they are tired, or may remember squinting one eye in bright sunlight. The eyes appear straight on inspection but become exotropic with cover testing. Acuity is normal in both eyes, and stereopsis is usually normal. When these individuals are exotropic, they suppress the vision in one eye. Therefore, they report no diplopia. Surgery may be indicated, if the intermittent exotropia exceeds 15 prism diopters. Surgical treatment for intermittent exotropia is highly successful initially, but some recurrence of the exodeviation can occur over time. It is important to note that USAFSAM does not endorse such surgery in order to qualify for pilot training. Some sad cases have resulted from the complications of such surgeries. However, candidates with prior strabismus surgery, who have had an excellent outcome, may qualify for training, if they meet the standards and have a full eye examination, including alignment, motility, and sensory testing, by an ophthalmologist. Intermittent exotropia either remains stable or slowly progresses to constant exotropia.
The standards for maximum allowable hyperopia are partly responsible for the rarity of acquired esotropia secondary to accommodative spasm seen in our population. Persons with +2.00 or more of hyperopia, if not wearing glasses, need to constantly accommodate two diopters to keep the world in focus. When stressed, by increased job demands, illness, fatigue, etc. the accommodation and convergence systems may not be able to match appropriately for the same fixation distance and the individual may become frankly esotropic and remain so for days to weeks. Pupillary miosis, convergence, and apparent muscle palsies may be noted. This form of esotropia may be diagnosed and treated by a cycloplegic refraction. Cycloplegia pharmacologically relaxes the accommodation and then the over convergence. Duction testing will help to rule-out muscle palsies. Requiring the individual to wear their full cycloplegic refraction in spectacles should permit clear vision, without extra accommodative effort, and maintain proper ocular alignment by avoiding any stimulus for over convergence. Therefore, think of requesting a complete eye exam including a cycloplegic refraction, for any patient with an acquired esotropia, before launching a neuro-radiologic workup.

CONCLUSION

We have introduced the importance of binocular vision for the aviator who in addition to having excellent visual acuity in each eye must be able to make accurate, efficient, coordinated eye movements to optimize his flying performance. The anatomy and terminology of ocular motility have been introduced. Clinical tests of ocular motility verified or performed by the flight surgeon have been reviewed with common cases of ocular motility disturbances discussed. Helpful Air Force Regulations include AFR 160-17 Chapters 5 and 6 (how to perform ocular testing) and 48-123, Nov 94 (standards for ocular motility for Flying Class 1,11,111).
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