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Abstract

To date there have been numerous studies
which have investigated the nature of ocular
abnormalities as a result of head injuries.
However few have presented a full spectrum
of disorders that can occur. Orthoptists are
skilled in the diagnosis and treatment of trau-
ma victims who have visual disturbance as a
result of orbital fractures, cranial neu-
ropathies, brainstem damage, cerebral lesions
and soft tissue injuries.
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Introduction

Head trauma may produce a myriad of
visual and visually related disturbances.
Rehabilitation of the head injured patient is
aimed at developing new skills that will permit
the patient to optimally function as a viable
and independent member of society. Many
visual complaints of the head injured patient
however, are sometimes ignored, and visual
disturbances are misdiagnosed for long periods
of time **; thus hampering long term neuro-
logical and vocational rehabilitation efforts *.

Orthoptic evaluation of the head injured
patient should therefore be carried out rou-
tinely as part of the mult-disciplinary team
approach to rehabilitation. The role of the
orthoptist firstly being diagnostic, and sec-
ondly, therapeutic *.

Orthoptic assessment can also be a valu-
able resource for monitoring the recovery
rate of head injured patients, as changes in
eye movements can provide a measure of the
recovery or deterioration during the acute
stage 4.
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Epidemiology

Motor vehicle accidents tend to be the
most common cause of head injuries 782,
Other causes include direct trauma to the
head, injuries sustained from a fall, or as a
result of work or recreational activities. In
1991, it was estimated that there were
10,000-12,000 Victorians with head injuries;
and this number was growing by 2,000 per
year. Head injuries are responsible for 5,000
hospital admissions per year, two thirds of
these being under 25 years of age and 71%
being males. This figure is comparable
throughout many industrialised nations 2.
Approximately 75% of patients who survive
head trauma require rehabilitation.

Patho-physiology Of Head Injury

The term ‘head injury’, for the purpose
of this review, will encompass open and
closed head injuries, as well as open and
closed facial trauma. Open head trauma is
defined as direct invasion through the skull,
and closed head trauma occurring when
there is no direct pathway from the environ-
ment to the soft tissue and injury site. The
effects of head injuries may result via several
mechanisms. The major forces being ‘con-
tact’ injuries and /or ‘deceleration/accelera-
tion’ injuries.

With a blow to the head, contusion of the
brain occurs as the bone at the site of impact
indents and damages the brain surface.
Contact injuries also include epidural or sub-
dural haematomas and skull fractures includ-
ing blow-out fractures of orbital bones ®.

Acceleration/deceleration injuries are
related to the movement of the brain in rela-
tion to the skull. Such movements may be in
anterior-posterior and superior-inferior direc-
tions. Consequences of such movements
include the tearing of veins bridging the
space between the skull and the brain; dis-
ruption of cranial nerves and contré coup
injuries.

Evaluation of the Head Injured
Patient

Examination techniques will be varied,
depending on the level of consciousness and
the symptoms of each individual 5. Evaluation
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of each head injured patient should be aimed
at describing the ocular deficits and localising
lesions attributable to the head injury. It is
therefore imperative that where possible, a
general and ocular history be ascertained
prior to examination. This will aid in identify-
ing the presence of disease processes which
may have ocular involvement, i.e. diabetes
mellitus, thyroid eye disease etc.

Clinical Categories

[. Orbital Injuries.

Motor vehicles, heavy machinery, physical
confrontations and sports injuries are respon-
sible for an ever increasing accident rate. The
eye and orbit are commonly involved in mid-
dle third facial injuries. Trauma to the orbit is
commonly caused by a blunt blow to the face
ie. a squash ball or a fist; or through the
patient making contact with a hard surface, as
is the case in motor vehicle accidents, ie. the
face striking the dashboard.

The effects of orbital trauma may result in
soft tissue injuries which cause swelling and
haemorrhage leading to limitations in eye
movements. Such injuries usually resolve
spontaneously. Orbital floor fractures occur
when the contents of the orbit are com-
pressed by the blow resulting in the floor,
medial wall, lateral wall or roof of the orbit
being fractured.

Orbital fractures may be pure, where the
orbital rim remains intact, and the fracture
affects the floor (antral blow-out fracture) or
less commonly the medial wall (ethmoid
blow-out fracture); each of which consists of
bone 0.5-1.0 mm thick . An impure blow-
out fracture involves orbital wall fracture in
association with a fracture of the body of the
zygoma or the rim of the orbit.

The patient may present with a variety of
signs and symptoms which include:

¢ Limitation of ocular movement due to
oedema, hacmorrhage, incarceration of tissue
within the fracture; or herniation of the
orbital contents into the antrum.

* Displacement of the globe backwards, com-
monly referred to as enophthalmos. The
enophthalmos is due to the contents of the
orbit prolapsing into the fracture, with the
displacement progressively worsening.
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*Facial asymmetry usually evident in impure
blow out fractures, where there is damage to
the zygoma.

*Retraction of the globe when the eyes move
in the direction opposite to the entrapment
site.?

*Infra orbital anaesthesia causing loss of sen-
sation on the skin just below the lower eye-
lid; resultant from damage to the infra-
orbital nerve.®

* Pain which is most obvious when the
patient looks away from the site of the lesion,
ie. on up gaze in antral blowout fractures.

*Visual symptoms which are dependant on
the amount of damage to the optic nerve 2.
There may be immediate and permanent
blindness, or a field deficit which usually
affects the inferior half of the visual field ¥.

* Diplopia, which may not be initially evident
due to the considerable amount of perior-
bital haemotoma. The excessive oedema will
not allow the eyelids to be opened, and only
once this oedema subsides, does the diplopia
become evident. The type of diplopia will
depend on the site of the fracture. In an
antral blow out fracture, where there may be
incarceration of the inferior oblique and/or
the inferior rectus (this may include entrap-
ment of muscle sheaths or fat), vertical
diplopia occurs . Ethmoid blowout fractures
result in horizontal diplopia due to entrap-
ment of the medial rectus; also causing limi-
tation of abduction **. Displacement of the
body of zygoma will also cause horizontal
diplopia due to lateral rectus muscle weak-
ness . It should also be noted that horizon-
tal diplopia may become evident in antral
blowout fractures as the horizontally acting
muscles have connective tissue septa which
extend to the orbital floor . Finally, supra
orbital fractures may cause vertical diplopia
due to involvement of superior oblique or
superior rectus muscles **. Usually this type
of muscle imbalance resolves

spontaneously 2.

The incidence of diplopia (in the primary
position) has been reported as high as 86% |
and as low as 36% in orbital floor fractures.
More than one third of all orbital blow out
fractures have an associated ethmoid frac-
ture, although isolated medial wall fractures
are rare.




Management of patients with orbital frac-
tures is usually conducted by facio maxillary
surgeons with ophthalmic and orthoptic
intervention being crucial in assessment of
the trauma and diagnosis of the injury®. Itis
the orthoptist’s role to check the visual acu-
ity; chart the size of the deviation in all posi-
tions of gaze; and measure the field of binoc-
ular single vision. Surgery should then be
considered if there is persistent diplopia; or
incarceration or herniation of tissue into the
fracture; which shows no sign of spontaneous
recovery, and in cases of cosmetically unac-
ceptable enophthalmos *.

2. Soft Tissue Injuries.

Avulsed extra ocular muscles are another
manifestation of head injuries and are cate-
gorised as soft tissue injuries . This type of
injury is usually the result of a penetrating
wound. The medial rectus is the most com-
monly avulsed muscle followed by the inferior
rectus, the superior rectus, lateral rectus and
the obliques. Clinical features of the lacerated
muscle include limitation of movement of the
affected eye, incomitant strabismus and
reduced saccadic velocity in the field of action
of the injured muscle *. Management of the
injured muscle involves re-insertion to the
sclera, or rejoining of the lacerated muscle
ends.

3. Refractive Errors.

(a)Traumatic Cataract.

Cataracts are usually the result of blunt
trauma to the eyeball or from a foreign body
injury . The lens usually becomes opaque
shortly after entry of the foreign body, as the
aqueous and at times, the vitreous penetrate
the lens structure . The patient’s immediate
complaints are that of blurred vision, and
redness of the affected eye. There may also
be intraocular haemorrhage. It is possible
that the eye may become soft if the vitreous
or aqueous escapes from the eyeball.
Complications may include infection, uveitis,
retinal detachment and glaucoma ¥.

{b) Lens Dislocation.

A contusion injury, such as a blow to the
eye with a fist may cause partial or complete
lens dislocation. The patient may not com-
plain of any symptoms if the dislocation is
partial, however if the dislocation is complete
and the lens is floating in the vitreous, the
patient may experience blurring of vision.
Irididonesis, a quivering of the iris on eye
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movement may also become evident - this is
a common sign of lens dislocation, and is due
to the lack of support to the lens.

(c) Traumatic Myopia.

The most common ocular complaint
elicited from head injured patients was that
of decreased vision'. This can be explained by
the fact that many had either incorrect refrac-
tion or no refraction at all. Although diplopia
is sometimes misinterpreted as blurred vision
by the patient, Sabates et al 1991, suggests
that most common complaints of blurred or
decreased vision can be cured with a some-
times difficult, but accurate refraction. The
occurrence of myopia after concussion
injuries has been recognised since 1870 fol-
lowing the original observation by Kugel .
The extent of the myopia varies from 1 to 6
dioptres. In most cases, the condition is tran-
sient although many cases show considerably
long duradon. The cause of the myopia is
not clear, although two causes postulated are
that of ciliary spasm, and weakening or rup-
ture of the zonule. Spasm of accommodation
initiated by the trauma is the most common
etiologic factor. Characteristics of such spasm
is associated with a loss of accommodative
amplitude, and miosis, and disappears under
the influence of atropine *,

4. Traumatic Maculopathy.

Blunt trauma to the anterior segment of
the eye may cause a contré coup injury to the
macula called commotio retinae . Retinal
whitening occurs primarily in the outer reti-
na, and this whitening may be confined to
the macula area or conversely involve more
extensive areas of the peripheral retina. The
resultant impairment of central vision may be
temporary as the whitening may clear com-
pletely; or it may be permanent, usually asso-
ciated with a pigmented scar or macula hole.

5. Cranial Neuropathies.

(a)Neurogenic Paralytic Strabismus.
Typically, traumatic palsies of cranial
nerves are caused by closed head injuries 7.
Traumatic damage of cranial nerves may be
caused by tearing of the nerves, contusion, or
compression. Resultant abnormalities might
include varied disturbances of fusion (strabis-
mus and diplopia), ptosis, pupil abnormalities
and corneal anaesthesia; arising from damage
to the ophthaimic branch of the trigeminal
nerve (CNV). Ocular motility defects may
occur when the cranial nerves controlling the
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extra ocular muscles are affected. Except for
the facial nerve (CNVII), the abducens nerve
(CNVI), oculomotor nerve (CNIII) and
trochlear nerve (CNIV) are the most com-
monly affected nerves in that order. As with
any other motor nerve injury, weakness may
be complete (paralysis), or partial (paresis) °.

Deficits associated with oculomotor nerve
damage, may include superior rectus and lev-
ator palperbrae superioris weakness (superior
division of CNIII); medial rectus, inferior
rectus and inferior oblique weakness-(inferior
division of CNIII), as well as damage to the
pupillary fibres. As the third nerve controls
so many muscles (intra ocular and extra ocu-
lar), a third nerve palsy may be complete or
incomplete.

A complete third nerve palsy will result in
paresis or paralysis of the medial, inferior and
superior recti, the inferior oblique and
sphincter pupillae; the ciliary muscle and the
levator palpebrae superioris. The resultant
ocular posture is that of an intorted,
hypotropic and exotropic eye, with a dilated
pupil and ptosis *.

In an incomplete third nerve palsy, there
may be damage to: superior or inferior
divisions of the nerve, single muscle palsies,
double elevator palsies, paresis of the extra
ocular muscles supplied by CNIII with
sparing of the intra ocular muscles .

As a consequence of complete third nerve
palsies, a new pattern of abnormal move-
ments may occur. This is a result of aberrant
regeneration during the re-growth phase of
the third nerve , where the regenerating
autonomic and voluntary nerve fibres are
misdirected. Clinical signs of aberrant regen-
eration include:
sclevation of the upper eyelid
on down gaze **,
sretraction of the globe on elevation
and/or depression,

e constriction of the pupil on attempted
adduction *, however there is no reaction
(or poor reaction) of the pupil to light stmu-
lation ¥,

spoor vertical responses to monocular verti-
cal optokinetic testing *'.

Although the least commonly affected of
the ocular nerves *, the trochlear nerve
(CNIV) may be damaged through trauma,
resulting in superior oblique weakness, lead-
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ing to symptoms including diplopia {torsional
and horizontal) as well as V-pattern
esotropias. Trauma is the most common aeti-
ology of acquired fourth nerve paresis. The
troclear nerve may be damaged anywhere
along its course by direct orbital trauma,
frontal trauma, or an oblique blow to the
head ®. The patient often assumes a compen-
satory head posture with the head tilted and
face turned to the side of the unaffected eye,
and the chin is depressed, so as to overcome
the symptoms of diplopia and torsion.

Abducens nerve {CNVI) paresis, like
trochlear nerve paresis, occurs frequently in
head trauma *, with the deviation usually
being larger. Damage of the sixth nerve nucle-
us results in paresis or paralysis of the lateral
rectus muscle, and therefore paralysis of ipsi-
lateral horizontal gaze . Lesions to the sixth
nerve are usually found where the nerve leaves
the pons and passes through the subarachnoid
space. Ocular posture of sixth nerve lesions is
that of an esotropic eye (the deviation being
more marked for distance fixation); and a
compensatory head posture where the face is
turned to the affected side .

(b) Visual Field Deficits.

Traumatic optic neuropathy has been
described by many authors. The optic nerve
is commonly injured following closed head
trauma. Jeanet et al 1981 described an inci-
dence of up to 13% of survivors of severe
head injury. The most common area of injury
sustained by the nerve is the intra nuclear
portion, where the nerve is tethered to the
dura and is relatively immobile *. Should a
basal skull fracture occur and extend through
the optic canal, it could readily damage the
optic nerve, as the nerve occupies the entire
canal space. Chiasmal damage is also possible
when there is a blow to the frontal or parietal
region. Lesions of the chiasm occur as a
result of jarring to the head and sudden dis-
placement of moveable parts of the brain,
with the consequent ruptures of small blood
vessels which enter the chiasm .

Optic nerve damage may result in tran-
sient visual loss, and visual field loss. This loss
may be unilateral, bilateral and /or altitudinal.
Such field losses may be mirrored by damage
to the occipital lobe region. As in circulatory
disturbances, trauma destroys masses of brain
tissue at once. Portions of the visual pathway
included in the lesions are likely to be totally
interrupted.




Visual deficits following closed head
injuries are not uncommon. Sabates et al 1991
described an incidence of 35% in their series of
patients, with functional (tunnel) fields being
the most common. The most severe extent of
damage was that of cortical blindness. Other
types of field deficits included:
sarcuate field anomalies (optic nerve damage),
s quadrantinopia
ebitemporal hemianopia
*homonymous hemianopia
sinfero temporal island.

6. Cerebral Lesions.

The occipital cortex is comprised primari-
ly of the parieto occipital visual association
areas, which play a role in the control of
smooth pursuit movements, and the primary
visual cortex (area 17), which is the sensory
cortex for sight. A lesion in the occipital lobe
may result in visual field deficits, as described
in section 5(b), but it may in turn, also cause
disruptions to eye movements. Such disrup-
tions are apparent in patients with hemi-
anopic field deficits, which result in cog-
wheeling eye movements instead of smooth
eye movements, as well as saccadic dysfunc-
tion. However this is an adaptation and not
an ocular motor defect in the true sense.

The purpose of smooth pursuit movements
is to maintain a clear image of a moving target
(ie. maintaining foveal stimulation **). The
areas of the cerebral cortex which initiate and
co-ordinate smooth pursuit movements are
many and varied. Generally, control over
smooth pursuit movements is primarily in the
parieto occipital visual association areas; with
control being ipsilateral ie. left occipital cor-
tex controlling movements to the left. Hence
any damage to the parieto occipital area may
lead to anomalous pursuit movements.
Damage to the cerebellum may also impair
smooth pursuit function as the cerebellum
plays a role in the co-ordination of eye move-
ment and fine motor control.

Saccadic movements are described as vol-
untary rapid eye movements between two
points. The speed of this movement is usually
between 200 and 400 degrees per second,
having a peak velocity of 700 degrees per sec-
ond . Control of horizontal saccades is via
the frontal eye fields (Brodman’s area 8) for
voluntarily directed saccades; and the superi-
or colliculi for re-orienting gaze to novel
stimuli. The cerebellum is also responsible for
controlling saccades, by monitoring pulse size
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and aiding accurate and co-ordinated eye
movement.

Damage to one frontal lobe produces a
conjugate deviation of the eyes to the side of
the injury and an inability to look towards
the side opposite the lesion *. This sort of
disturbance is usually transient. Bilateral
lesions of the frontal lobes can produce ocu-
lar motor apraxia, a quite marked eye move-
ment disorder, where there is an inability to
voluntarily direct horizontal saccades to both
sides.

7. Intra Axial Brainstem Damage.

Mid brain lesions, and brainstem damage
can lead to the disruption of conjugate gaze
movements, accommodation convergence
relationships, nystagmus and a variety of dis-
turbances of resting fixation, ie. skew devia-
tion or Parinaud’s Syndrome. A horizontal
gaze palsy may result from an ipsilateral pon-
tine lesion or a contra lateral frontal lobe
lesion. Unilateral lesions produce ipsilateral
conjugate gaze paresis, and bilateral lesions
(at the level of the abducens nucleus) may
cause paralysis of all horizontal eye move-
ments 5. Vertical gaze palsies are indicative of
pretectal damage. As vertical eye movements
are under bilateral hemispheric and mid brain
control, vertical gaze palsies due to isolated
cerebral lesions do not occur #. In trauma, it
is likely that up gaze paresis may be associat-
ed with other signs of dorsal mid brain dam-
age. These include light near dissociation of
the pupils, limited convergence, eyelid retrac-
tion and skew deviation.

Lesions in the pretectal mid brain, rostral
to the third nerve nucleus may cause paralysis
of convergence. Divergence insufficiency has
also been reported after trauma, as a lesion in
the area of the sixth nerve nucleus can produce
paralysis of divergence. Paralysis of accommo-
dation following head trauma has also been
described 77, with the deficiency usually being
temporary, although recovery may be incom-
plete. Baker and Epstein 1991, suggest that it
is not uncommon for the condition to be mis-
taken for inattention, lack of effort or alexia 3.
The simple prescription of convex lenses may
compensate for the paralysis.

Vestibular dysfunction is also possible in
the head injured patient. Symptoms include
vertigo and oscillopsia; although due to diffuse
representation of the vestibular system in the
brainstem, makes isolated lesions unlikely °.
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Central lesions are usually accompanied by
other signs of brainstem dysfunction.

8. Glaucoma Secondary to Trauma.

Head trauma and specifically contusion
injuries of the globe may be associated with
an early rise in intra-ocular pressure. This rise
in ocular pressure is due to hyphema. The
presence of free blood in the anterior cham-
ber blocks the trabecular meshwork which is
rendered oedematous by the injury.
Management of the condition is initially
medical, and surgery may be necessary if the
pressure remains elevated ¥,

Visual Deficits
and their Implications.

The orthoptist is capable of making a sig-
nificant contribution to evaluation of the
visual status and level of function of the
head injured patient, thereby aiding the reha-
bilitation process. It is important that all
therapists are made aware of any visual defi-
ciencies the head injured patient may possess,
as many ocular anomalies may interfere with
treatment regimes being initiated by any
member of the rehabilitation team. Such
anomalies may range from the easily cor-
rectable blurring of vision to the complex
gaze anomalies and the chronic head postures
adopted by patients to overcome symptoms
of diplopia and pain of ocular movements.
Orthoptic findings can aid effective therapy.
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