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SUMMARY

Ocular injuries commonly occur in patients with facial

fractures.,

A study was carried out of 363 patients presenting during
a 2-year period with midfacial fractures. Patients under-
went ophthalmological examination within one week of
injury. The characteristics of the eye injuries sustained
were related to the aetiology and type of fracture, and

the sex and age of each patient.

Ninety-one percent of patients sustained ocular injuries
of various severities. Sixty-three percent sustained minor
injuries, 16% suffered moderately severe injury and 12%

experienced severe injuries.

Road traffic accident was associated with the highest
incidence of severe ocular disorder at 20% (9/45) followed
by assaults at 11% (20/181). One third of all patients

with comminuted malar fracture suffered a severe ocular
disorder (9/27) whilst blow-out fracture came second at

16.7% (6/36).

Fifty-six patients (15.4%) had a decrease in visual acuity

and 9 (2.5%) sustained significant traumatic optic neuro-
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pathy. Decrease in visual acuity accompanied the majority
of significant eye injuries. Road traffic accidents and
assaults associated with alcohol abuse showed the highest

incidence of major ocular dysfunction.

Motility disorder was also common. Seventy-two patients
(19.8%) developed diplopia which was most common following
road traffic accidents (31%) and least common with simple
falls (10%). Blow-out fractures of the orbit (n=36) led
to double vision in 58% of cases (n=21). Eighty-two per-
cent of patients recovered from diplopia within six months
of injury, 11% recovered within 6-12 months and 7% of
patients took more than one year to recover including one
patient who required squint surgery for double vision. The
principal risk factors for diplopia comprise road traffic
accidents, blow-out fractures and comminuted malar
fractures. Early surgical reconstruction with conservative
management of ocular motility disorders has, in this
series, resulted in very few patients having diplopia in

the long term.

Ocular injuries following facial trauma may be difficult
to detect by the maxillofacial surgeon and may therefore
be missed. Fifty-four parameters comprising maxillofacial,
radiological and ophthalmic data were coded and recorded
for each patient. These data were divided into predictors

(the data potentially available to the maxillofacial
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surgeon) and outcome (the data potentially available to
the ophthalmologist). Statistical methods of regression,
and analysis of contingency tables, led to the identifica-
tion of the principal predictors indicative of ophthalmic
injury and thence to a scoring system which predicts the
severity of such injuries. Impaired visual acuity was the
principal predictor and whén employed alone gave a sensi-
tivity value of 80%. Pure blow-out fracture or comminuted
facial fracture, double vision and amnesia, emerged as
additional factors which yielded an efficient scoring
system with a sensitivity of 89% and specificity of 90%

for the population upon which it was based.

This scoring system was tested in a pilot study upon a new
population of 100 similar individuals. The sensitivity
value was 94.4% and the specificity wvalue was 89%. Only
one patient, warranting ophthalmic referral, was missed by
the system whilst nine were incorrectly classified as

warranting referral.

Defects of convergence and accommodation are common
sequels of head injuries, the two functions failing usual-
ly to a commensurate degree although either may occasion-
ally be separately deficient. A prospective evaluation of
patients who have sustained midfacial trauma was carried

-out in order to determine the prevalence of impaired
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convergence and accommodation and to establish the risk

factors for such defects.

Of 52 patients in this study, 11 suffered accommodation
and/or convergence disturbances. They included 6 males
(17% of the male population) and 5 females (29% of the
female population) whose aées ranged from 13 to 72 years
with a mean age value of 30.2 years. Nine of these 11
patients sustained their injuries due to alleged assaults
(24.3% of all assaulted patients) and 2, following simple

falls (25% of all fall victims).

Five patients complained of diplopia at near (5/11=45.5%)
and another 4 of blurred vision and/or difficulty with
reading (4/11=36.4%). The remaining 2 patients were

asymptomatic.

Six patients were randomly selected to receive orthoptic
exercises/treatment while the other five were monitored
for signs of spontaneous recovery. Within six months of
injury/surgery, 83% of the treated patients (n=5) and 80%
of the non-treated patients (n=4) recovered to within the

normal values of accommodation and convergence.

No significant statistical relationship was found between
the incidence of accommodation and/or convergence failure,

and the cause or the type of fracture sustained. It may,
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however, be related to the severity of impact and the

associated closed head trauma.

A retrospective study of all patients treated for mid-
facial fractures in the preceding 2 years (n=555) was
performed. The majority of patients in this group were
managed by the maxillofaciél team only. Ophthalmic consul-
tation and formal pre-~operative ophthalmic assessment had
been carried out in only 34 cases of midfacial fracture

(6%).

Subconjunctival haemorrhage was the most frequently
detected eye injury which affected 275 patients (49.5%).
Pupils were tested for reaction to light and found to be
either slow or non-reactive in 2% of all patients (n=12).
Seventy patients (12.6%) were reported to have complained
of diplopia while another 20 patients (3.6%) suffered of
enophthalmos. Unspecified injuries to the globe were
reported in 3 additional cases (0.5% of all patients). No

other ocular or motility disorders were described.

Examination of data from the prospective and the retro-
spective series confirms that the accuracy of detection of
ophthalmological disorder is higher when an ophthalmolo-

gist is involved in the clinical assessment of patients.
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The active and passive behaviour of the extraocular
muscles can be investigated by the forced duction and
force generation tests. Review of previous work has high-
lighted the limitations of designs and methods used. A
quantitative apparatus for carrying out both tests has
been developed. Stages of development and test procedures
are described. The tesf system described provides a

reliable and acceptable means for carrying out both tests.

Test results from normal eyes fell within a relatively
narrow range while patients' tests showed that specific
ocular muscle deficits produced different patterns of
results falling outside the normal range, and these were

specific to the underlying pathology.
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F-Z suture

kHz

kPa

mN

MRI

mV

NOE

PVD

RPE

rps

Type I #
Type II #
Type III #
Type IV #
Type V #
Type VI #
Type VII #

ABBREVIATIONS

Analogue to Digital Convertor.

Input from the analogue to digital
convertor.

Output from the analogue to digital
convertor.

Central Resting Position.
Computed Tomography.

Forced Duction Test.

Force Generation Test.
Fronto-Zygomatic suture.
kilohertz

kilopascal.

milli-Newton = 10”3 Newton.
Magnetic Resonance Imaging.
milli-volt = 1073 volt.
Naso-Orbito-Ethmoidal.
Posterior Vitreous Detachment.
Retinal Pigment Epithelium.
Revolution per second.
Undisplaced malar fracture (any site).
Zygomatic arch fracture only.

Tripod fracture with undistracted fronto-
zygomatic suture.

Tripod fracture with a distracted fronto-
zygomatic suture.

Pure blow-out fracture of the orbit.
Orbital rim fracture only.
Comminuted malar fracture.
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1.1 INTRODUCTION

Facial fractures are frequently complicated by injury to
the eye or its adnexa (Holt & Holt, 1983; Culbertson,
1983; Berine et al, 198l1; Petro, 1979; Dastoor, 1975),
If they are severe enough, such injuries may be detected
with ease by any medical pfactitioner. Other injuries may
either appear to be minor, or even be missed without
specialised equipment and appropriate expertise. These may
result in potentially preventable severe dysfunction of
the visual apparatus if not diagnosed shortly after injury
(Holt & Holt, 1983; Binder, 1978). Proper and timely
simple diagnostic procedures followed by appropriate
therapy may mean the difference between permanent loss of

sight or recovery of useful vision (Records, 1979).

Estimates of the incidence of ocular disorder vary between
1% (McCoy et al, 1962) and 67% (Holt & Holt, 1983) and are
dependent upon whether the evaluation is prospective or
retrospective (Jabaley et al, 1975). Furthermore, the
criteria employed to assess the severity of ocular
disorder (Holt & Holt, 1983), and whether ophthalmologists
or maxillofacial surgeons are responsible for carrying out
the evaluation, significantly influence the interpretation

of the results of such trials.
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1.2 HISTORY

Ocular injuries have long been found in association with
fractures of the facial skeleton especially those of the

orbital floor (Fradkin, 1971).

Lang (1889) was the first to suggest that a fracture of
the orbit may be responsible for the condition he called
'Traumatic Enophthalmos'. This was emphasized and further
described by Pfiffer in 1943 and Converse and Smith in
1956, who later coined the term 'Blow-out Fracture'.
King and Samuel (1944) reported a case of blow-out
fracture caused by a sudden increase in the intra-orbital
pressure which had resulted from a traumatic force to the
soft tissue of the orbit., In 1957, Smith and Regan
suggested that blunt trauma to the orbit resulted in
increased pressure of the intra-orbital contents thereby
causing a downward fracture of the thin walled orbital
floor. Swelling and the effect of gravity combine to
produce an expansion of the orbital contents into the

maxillary sinus.

In recent years, a growing interest has developed in the
relationship between facial trauma and the resulting
ophthalmic disorders. However, a review of literature
shows wide reported variations in the incidence of such

injuries (Petro et al, 1979). Most authors mention only
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briefly or fail to characterize specific ocular complica-
tions (Gwyn et al, 1971). On the other hand ophthalmolo-
gists report high incidences of ocular injuries because of
the nature of referral to their practices (Petro et al,
1979). In one published series, McCoy (1962), a plastic
surgeon, noted only a 1% incidence of ocular injury in 855
patients with facial traﬁma. In contrast, Miller and
Tenzel (1967) and Milauskas and Fueger (1966), all ophth-
almologists, reported incidences of 17% and 14% in 30 and

84 patients respectively.

It is probable that the specialty of the authors involved
(which may determine both the types of injury referred and
the expertise in ophthalmic examination), is an important

factor in the detection of ocular injury. .
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1.3 ANATOMIC CONSIDERATIONS

The anatomy of the face has been reviewed in detail by
Schultz (1988), Haskell (1985) and Last (1984). The
following description reviews the salient anatomical
features of the eye and‘ face with reference to the

potential involvement of such structures in eye injury.
1l.3.1 Facial Bones

From the stand point of function and repair, facial bones
are best considered by dividing the face into thirds

(Jackson et al, 1987) (Fig 1.1).

The bones most vulnerable to injury in the upper third of
the face are those of the frontal sinuses which form part
of the glabella. Fronto-temporal fractures commonly
extend farther posteriorly. They may, however, extend
into the superior or the lateral orbital walls. supra-
orbital ridge fractures may extend into both the frontal
sinuses and the roof of the orbit. Such injuries are often
complicated by traumatic optic neuropathy (Katz et al,

1983; Anderson et al, 1982; Wolter, 1979; Ketchum, 1976).

Fractures of the maxilla and related bones are frequently

referred to as fractures of the middle third of the face
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(Haskell, 1985). In addition to the maxilla, the midface
comprises the zygoma, lacrimal, nasal, palatine, inferior
nasal concha and vomer bones (Schultz, 1988; Haskell,
1985; Hollinshead, 1968). Although the sphenoid, frontal
and ethmoidal bones are not classically facial skeleton
bones, they aré frequently traumatised in midfacial
fractures and thus shouldAbe considered as part of the
midfacial skeleton (Frost & Kendell, 1991). The calvarium,
which contains the brain, is not considered a part of the
midface. This region may, therefore, be more accurately
defined as that area bounded above by a transverse 1line
connecting the two zygomatico-frontal sutures, passing
through the frontonasal sutures, and limited below by the
incisal and occlusal plane of the upper teeth.
Posteriorly, the region is demarcated by the spheno-
ethmoidal junction, but includes the free margin of the
pterygoid laminae of the sphenoid bone inferiorly. For
convenience, fractures of the middle third of the facial
skeleton may be divided into those involving the central
middle third and those of the 1lateral middle third
(zygomatico-maxillary) (Fig 1.1) (Haskell, 1985). The
central middle third fractures (Le Fort II and III types)
may be further subdivided into alveolar fractures,
fractures of the dento-alveolar complex (Le Fort I type),
naso-maxillary fractures, and naso-ethmoidal fractures
(Haskell, 1985). The majority of the skeleton of the

central middle third is composed of wafer thin sheets of
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cortical bone with stronger bony reinforcement (Fried,

1980).

Fractures of the middle third of the face are the most
difficult to diagnose, demonstrate, and treat (Schultz,
1988). The midface contains the greatest concentration of
functional bone structureé: the orbits, the nose, the
palate, and the maxillary sinuses. The most prominent
facial bones would be expected to be the most commonly
injured, and has been proved true statistically (Schultz,
1988). The zygoma (malar) fracture is next in frequency,
with fractures of the orbital floor commonly occurring in

association.,

The lower third of the face comprises the mandible and
teeth. The superior aspects of the mandible, the condyle
and the coronoid process, are considered as part of the

lower face (McVay, 1984; Hollinshead, 1968).

The facial bones form a compressible, energy absorbing
shield for those vital organs which lie within and behind
them. Such tissues - the eye, the lacrimal apparatus, the
pharynx, the cervical spine and the brain are of prime
concern to any surgeon responsible for treating facial

injuries.
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1.3.2 Soft Tissue of the Face
Muscles of Facial Expression

Although this group of muscles does not have a strong
influence on the displacement of fractures, soft tissue
damage found in major maxillofacial trauma as well as
various surgical approaches necessary to repair deeper
structures will invariably affect these muscles (Frost &

Kendell, 1991).
The Facial Nerve

Damage to the facial nerve is possible in severe maxillo-
facial injuries or penetrating wounds in the area of the
course of the nerve and with fractures of the base of the
skull and would result in ipsilateral paralysis of the
muscles of facial expression (Frost & Kendell, 1991). 1In
general, surgical repair of a divided facial nerve is only

partially successful (Schultz, 1988).
Sensory Nerve Supply

The skin overlying the posterior portion of the masseter
muscle receives its sensory supply from the posterior and
anterior branches of the upper cervical nerves. Otherwise,

facial sensation is provided entirely by branches of the
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trigeminal nerve (McVay, 1984; Hollinshead, 1968). Injury
to the branches of this nerve rarely results in permanent
anaesthesia of the face (Schultz, 1988). This is partially
due to nerve regeneration and in part to the rich over-
lapping system of undamaged nerves. It is not necessary to

repair these small sensory nerves (Piddle, 1968).
Vascular Supply
Arteries

The superficial arterial supply of the face is entirely
from the external carotid artery while the upper face and
the nasal cavity are supplied by branches of the internal
carotid artery (McVay, 1984). Despite this fact, uni-
lateral or even bilateral ligation of the external carotid
artery usually is ineffective in permanently controlling
facial wound haemorrhage. This is because of the rich
anastomoses with branches of the internal carotid artery

(Haskell, 1985).
Veins

Venous bleeding from facial wounds seldom causes serious
problems (Schultz, 1988). However, venous haemostasis may
be problematic following fractures or surgical procedures

involving the ethmoidal sinuses due to the lack of access
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to bleeding points (Schultz, 1988). The potential retro-
grade spread of infection in the post operative phase in
the trauma patient is an uncommon but grave complication

of venous disruption (Frost & Kendell, 1991).
1.3.3 The Orbit and its Contents
Introduction

The orbit contains the eye and its accessory structures.
The globe of the eye takes up one quarter of the volume of
the orbit. The configuration of the bony structure of the
orbit is that of a pyramid with its base facing anteriorly

having a volume of approximately 35 cc (McVay, 1984).

The medial wall is the thinnest wall of the orbit, but it
derives some increased strength by the trabeculization of
the ethmoid air cells (Wolff, 1968). The orbital rim is
the strongest portion and is derived from the frontal,
maxillary, and zygomatic bones. It is thickest laterally
and inferiorly where it comprises part of the zygomatic
bone, becoming more prominent as it passes superiorly to
form the external angular process. Both superiorly and
inferiorly the orbital margin becomes progressively
thinner and weaker as it becomes related to the frontal
and maxillary sinuses respectively. Medially, the rim

merges imperceptibly with the nasal and lacrimal bones
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where it 1is totally devoid of support because of the

underlying nasal cavity (Wolff, 1968).

Orbital Connective Tissue

A definite structural organisation is demonstrable in
human orbital connective tissue and the adipose tissue
compartments lying in between (Koornneef, 1992). All‘the
eye muscles have their own specific connective tissue
systems the morphology of which has a complex three

dimensional matrix (Koornneef, 1976).

The photographic reconstruction technique developed by Los
(1970) and used by Koornneef (Koornneef & Los, 1975) to
reproduce the spatial architecture of the human connective
tissue has revealed that each ocular muscle has its own
characteristic 1large attachment area to the relevant

orbital wall in addition to the areas of insertion.

Orbital connective tissue can be considered as an
important additional locomotor mechanism closely
integrated with the ocular muscles, the optic nerve, the
central nervous system, the eyeball, the eyelids, the
lacrimal gland, and the intraorbital fat, all forming a
functional anatomical entity (Koornneef, 1978). Hernia of
the orbital contents into the maxillary antrum may contain

muscles along with the entire motility apparatus near the
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orbital floor (i.e, the connective tissue septa of the
muscles and the fat cushions in the fracture region)
(Koornneef, 1992). This probably explains why, in cases
of blow-out fractures of the orbital floor, the vertical
motility disturbances nearly always have the character-
istics of incarceration of the inferior rectus and
inferior oblique muscles fogether (Koornneef, 1992). In
some cases, however, the clinical picture of a blow-out
fracture is seen when entrapment of fascial septa alone is

demonstrable.
The Orbit in Maxillofacial Injuries

The orbit is invariably involved in depressed fractures of
the zygomatic bone and the Le Fort II and III 1level
fractures of the central middle third of the face
(Converse et al, 1961). It may also be involved in
fractures of the frontal bone and naso-ethmoidal complex.
A fracture of the orbit without involvement of the rim is
termed a 'blow-out fracture' (Converse & Smith, 1957)
which is most common in the thin area of bone of the
orbital floor medial to the inferior orbital fissure
(Converse & Smith, 1960). The fracture is almost invariab-
ly caused by a blunt object of greater circumference than
the orbital aperture, such as a fist or a cricket ball,
striking the eye and creating a rapid increase of pressure

within the orbit (DeHaven & Harle, 1966; Smith & Regan,
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1957). However, a direct compression or buckling force on
an orbital rim has also been suggested as a causative
factor in the production of a blow-out fracture (Fujino &
Makino, 1980; Fujino, T, 1974). Recently, Phalen and asso-
ciates (1990) were able to simulate a focal injury to the
face by striking the inferior orbital rim of dried skulls
with a 1lead weight causing segmented fracture of the

orbital floor without the pressure of the eyeball,

Blow-out fracture of the orbital floor may be accompanied
by herniation of fat, or more rarely, the inferior rectus
or the inferior oblique muscle into the maxillary sinus.
The entrapment of the orbital tissue and fascial septa in
the antrum causes imbalance of the extraocular muscles and
diplopia (Heller, 1970). It may also cause enophthalmos
(Berkowitz et al, 1981) and infra-orbital anaesthesia

(piddle, 1968).

Blow-out fracture of the medial wall is frequently seen in
association with fracture of the floor of the orbit (de
Visscher & van der Wal, 1988; Miller & Glaser, 1966) and
has been attributed to an increase in the intra-orbital
pressure (Linhart, 1943). The reported incidence of medial
orbital wall fractures varies considerably in the
literature. Cadaver studies into the mechanism of orbital
floor Dblow-out fractures indicated an incidence of

isolated medial wall fractures varying from 18% (Jones &

40



Evans, 1967) to 31% (Pearls & Vistnes, 1978) and of
concomitant medial and inferior wall blow-out fractures
between 12% (Jones & Evans, 1967) and 38% (Pearls &
Vistnes, 1978). An isolated fracture of the medial orbital
wall with entrapment of the medial rectus muscle is
uncommon (Rumlet & Ernest, 1972). Blow-out fractures of

the orbital roof are rare (Curtain et al, 1982).

Isolated mandibular and nasal fractures are rarely asso-
ciated with ophthalmic complications (Holt & Holt, 1983).
The optic foramen, situated within the lesser wing of the
sphenoid bone and surrounded by relatively dense bone, is
usually protected from involvement in fracture 1lines
(Haskell, 1985), For this reason, direct injury to the
optic nerve is unusual. The optic nerve and its surround-
ing membranes constitute a direct extension of the brain.
Any injury to these structures is particularly serious

since early blindness may occur (Wolin & Lavin, 1990).
The Extra-ocular Muscle Movements

Eye movements are frequently impaired following facial and
head injury and muscle imbalance is a common complication
in zygomatico-orbital fractures (Yee et al, 1975). Muscle
involvement can be direct; it may be caused by entrapment
in the fracture line of the muscle, the tendon, or more

commonly the adjacent fascial septa. Disorders of ocular
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motility may also be due to central or peripheral damage
to the cranial nerves supplying the muscles, or massive

orbital oedema or haemorrhage (Smith et al, 1971; Cole &

Smith, 1963),
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l.4 FACIAL TRAUMA: CLASSIFICATION AND MANAGEMENT

l.4.1 Classification

The reconstruction of the midface following trauma demands
uncompromising care. The face is intimately bound up with
one's self image and is a region that is responsible for
the senses of vision and smell and for providing the voice
and its resonance through the presence of the air sinuses

(Lew & Sinn, 1991).

Injuries to the face may be broadly divided into two
groups: injuries to soft tissue and injuries to bone. The
eye is a specialised organ, injury to which is considered

as associated trauma (Schultz, 1988).

Soft Tissue Injuries

Soft-tissue injuries of the face may be clean lacerations,
contused lacerations, abrasions, puncture wounds, shaved
wounds or wounds associated with thermal or blast damage

(Davis & Shaheen, 1985).

Windscreen injuries are likely to contain glass which may
or may not be radio-opaque. Note should be made of the
material causing a facial abrasion. If this is asphalt,

coal, or other dusty material, particles of dirt may well
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be embedded in the wound but, because of the blood, are
not always initially obvious (Davis & Shaheen, 1985). An
underlying bony injury may or may not be present but
should be suspected if any of the previously described

signs and symptoms are observed.
Facial Bone Fractures

Various classifications are available for frontal and mid-
facial fractures. For the purpose of this study, we have
used the classification adopted by the Oral and Maxillo-
facial Surgery Unit at Canniesburn Hospital in Glasgow,

which is as follows:
Malar Fractures

The classification of malar (zygomatico-orbital) fractures
was designed by Mr Henderson of Canniesburn Hospital,
Glasgow in 1973 (unpublished) to simplify identification
of these fractures and to enable treatment modalities for
each type to be instituted, computerised, and later
analysed (Ellis et al, 1985). Henderson divided malar

fractures into seven anatomical types (Table 1.1).
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Type Description of Fracture

I Undisplaced fracture (any site)

II Zygomatic arch fracture only

I11 Tripod fracture with undistracted F-Z suture
v Tripod fracture with distracted F-Z suture
\ Pure blow-out fracture of the orbit

VI Fracture of the orbital rim only

VII Comminuted fracture or other than the above

Table 1.1 Henderson's classification of malar fractures.
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Maxillary Fractures

Identification of these fractures is according to the Le
Fort classification (Le Fort, 1900), subsequently extended
by the Oral and Maxillofacial Unit at Canniesburn Hospital

(Table 1.2).

Other Fracture Sites

These comprise nasal, naso-orbito-ethmoidal (NOE) and
frontal sinus fractures (Converse & Smith, 1963; Stranc,
1970 a & b).

1.4.2 Management

The management of maxillofacial injury has been extensive-
ly reviewed by Fonseca & Walker (1991), Schultz (1988) and
Rowe & Williams (1985).

Diagnosis

After assessment and management of the patient's overall
injuries, the facial injury is evaluated and treated. A

comprehensive diagnosis and classification of facial

injuries is made before starting treatment. The diagnosis
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Type Description of Fracture

Le Fort I Transverse maxillary fracture
Le Fort 1II Pyramidal maxillary fracture
Le Fort III Cranio-facial disjunction

Additional classifications include:

Any combination of Le Fort I, II or III
Fracture of the tuberosity of maxilla

Alveolar fracture excluding tuberosity fracture

Table 1.2 Classification of maxillary fractures.
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is established by observation, palpation and radiological

examination (Schultz, 1988).
Observation

The face is observed for evidence of lacerations and the
globe is examined for ocular injury. The symmetry of the
face is observed, and any asymmetry which is greater than

normally expected is recorded.
Palpation

Palpation of the bony prominences of the face is carried
out and comparison of the relative heights of the malar
eminences is performed. Tenderness can usually be elicited

at the site of a facial bone fracture.
Radiological Examination

Gross facial bone fracture can be diagnosed clinically.
Nevertheless, radiological studies play a definite part in
the evaluation and documentation of facial injury. The
most informative radiographic views and the structures

they show most clearly are as in Table 1.3.

More precise or additional information can sometimes be

obtained by use of linear tomography (laminography), which
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Structures seen

Radiological view

Occipito-mental plane

Facial bones

Nasal bones

Mandible

Zygomatic arch

Waters' view

(1) Posterior - anterior view of
facial bones

(2) Lateral view of facial bones

(1) Lateral view of nasal bones
(2) Occlusal view of nasal bones

(1) Posterior - anterior view of
mandible

(2) Oblique view of mandible

(3) Occlusal view of mandible

(4) Towne view for ascending rami
and condyles

Tangential views

Table 1.3 Radiological views in facial fracture.
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was the radiographic procedure of choice in the diagnosis
of fractures of the middle third of the face until the
introduction of computed tomography. It is a technique
which brings into focus a given plane onto x-ray film
whilst the other planes are deliberately blurred (Marsh et
al, 1988). However, its definition of soft tissue is

usually poor (Gould & Titus, 1966).

Hypocycloidal tomography (polytomography) differs from
linear tomography in that the x-ray tube and film
describe a hypocycloidal movement rather than a 1linear
arc. It produces thinner slices giving more detail and
less artefact than 1laminography. The efficiency and
accuracy of this technique in evaluation of orbital floor
fracture is said to be better than plain radiography or

linear tomographic techniques (Dodick et al, 1969).

The technique of positive contrast orbitography which
involves the injection of a solution of contrast medium
along the orbital floor, external to the muscle cone has
been deemed useful in the diagnosis of blow-out fractures
of the orbital floor (Milauskas et al, 1966), though it is

now rarely, if ever used.

Ultrasonography uses high frequency sound waves to produce
echoes as they strike interfaces between acoustically

different structures. The B-scan produces a two-dimension-
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al picture of orbital structures and can be employed to
accurately visualise breaks in the normal contour of the
orbital wall and demonstrate soft tissue prolapse (0rd et

al, 1981). There is no known radiation hazard.

Computed tomography (CT) has given an entirely new scope
to the diagnostic aspecf of head and maxillofacial
injuries. CT scanning is a non-invasive technique which
has the unique facility to give clear anatomical pictures
of hard and soft tissues in axial, coronal and sagittal
planes of section (Yamamoto et al, 1983). A three dimen-
sional pictorial assessment of all the tissues of the head
and face is now feasible. A definite place has been estab-
lished for CT scanning in the diagnosis of major maxillo-
facial, orbital, and naso-ethmoidal injuries, especially

when associated with head injury (Sinn & Karas, 1991).

CT examinations are most valuable in the diagnosis of mid-
face fractures which extend from the supraorbital rim to
the maxilla (Gerlock et al, 1981). Furthermore, CT can
demonstrate air or haemorrhage in the cranium, orbits,
and/or soft tissues; suspected cervical spine injuries may
also be examined at the same time as cranial or facial
views are taken (Sinn & Karas, 1991). Injuries associated
with the orbits and paranasal sinuses may require coronal
views, which show the horizontal displacement of the

zygoma, to establish the full extent of the injury (Leib,
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1986). Fractures of the roof of the orbit and the
cribriform plate are also shown better on coronal views

(Leib, 1986).

Magnetic resonance imaging (MRI) is a technique with great
potential. Experiments describing the phenomenon of mag-
netic resonance were first.reported in 1946 by Bloch and
associates. MRI produces tomographic images of the body
which  have excellent spatial resolution. The technique
involves placing a patient within a strong, uniform
magnetic field, delivering a pulse of radio waves and

recording the emitted signal (Underwood & Firmin, 1987).

Both CT and MRI scanning rely on reconstructive tomography
and modern computing technology for the representation of
anatomical cross-sections. However, CT has definite advan-
tages over MRI in the diagnosis of facial fractures. The
x-ray~-generated CT allows better detailing of bony anatomy
which is extremely helpful in the evaluation of fractures

(sinn & Karas, 1991).

If after exhausting all the available means of inves-
tigation, the surgeon remained uncertain as to the exact
nature of fracture, surgical exploration provides the only

definitive means of diagnosis.

52



Treatment

It is the rule at the Oral and Maxillofacial Surgery Unit
at Canniesburn Hospital in Glasgow to operate within two
weeks of injury. The 1line of treatment of individual
facial fractures and the techniques used and procedures
followed are those generaliy accepted as standard by the
profession. Details of treatment and surgical procedures
employed are out of the scope of this study and have been
reviewed by Fonseca & Walker (1991) and Rowe & Williams

(1985). A short account is given here.

Unless associated with soft tissue injury or other comp-
lications, undisplaced fractures of the zygomatico-orbital
complex are left without intervention. They usually heal
well. On the other hand, displaced fractures are reduced
and depressed fractures elevated. Fixation of these frac-
tures may or may not then be required for stabilization.
Various materials and methods are available for this
purpose. Pins, wires, K wires and antral packs, have all
been used. Sometimes a combination of two or more of

these methods is needed.

Blow-out fractures do not constitute an emergency (Catone
et al, 1988) and are sometimes left untreated unless comp-
licated by orbital tissue entrapment and ocular or

motility disorders. In such cases the orbital floor is
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exposed through the lower 1id (transpalpebral), the con-
junctiva (transconjunctival) or via the maxillary antrum
(Caldwell-Luc procedure). Trapped soft tissue is then
freed. The orbital floor is reconstructed by inserting a
bone graft taken from the patient's iliac crest, or an
alloplastic material such as a silastic sheet which can be
cut to shape and size needed. Alternatively, it can be
supported from below by an antral pack. The forced
duction test is then performed to ensure free motility of

the eye.
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1.5 BLUNT TRAUMA TO THE EYE: PATHOGENESIS AND CONSEQUENCES

The association of ocular injuries with facial trauma,
especially fractures of the orbital floor, is well
recognised (Petro, 1979). A number of factors protect the
globe from injury. These include the prominence of the
bones of the orbit and ihe natural reflexes of self-~
protection, mnamely blinking, averting the head, and
protecting the eye with hand or forearm. Despite these
factors, the eye may sustain injury, but the resilient
structure of the globe allows it to withstand blows of
considerable force without rupture. The following des-
cription reviews the salient clinical features of such eye

injuries and motility disorders.
1.5.1 Blunt Ocular Trauma

It is essential to perform a complete ophthalmic examin-
ation in every case of blunt trauma to the eye and orbit
(Benson et al, 1991). All trauma to the face, particularly
above the level of the mouth, requires a careful ocular
examination, including an estimation of the visual acuity
of each eye if consciousness permits (Duguid, 1985). This
is important for future decision making and to elicit
evidence of ocular damage for medico-legal purposes. If a
Snellen chart is not available, the ability to read a

newspaper with an appropriate spectacle correction gives
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some indication of the visual function. A careful assess-
ment of pupillary reactions is necessary. The examiner can
detect retinal or optic nerve damage by using the swinging
flashlight test (Slamovits & Glaser, 1991) to demonstrate

an afferent pupillary defect.

Mechanisms Ocular Damage

Blunt trauma causes ocular damage by the coup mechanisn,
by the contre-coup mechanism, or by ocular compression and

distortion.

Coup and contre-coup

Courville introduced the concept of coup and contre-coup
injury to explain brain damage caused by trauma to the
head (Courville, 1962; 1942). Coup refers to local trauma
at the site of impact. Contre-coup refers to distant
injuries caused by shock waves that traverse the brain to
the opposite side of the skull. Wolter later used these
concepts to explain eye injuries (Wolter, 1963). Examples
of coup injuries are corneal abrasions, subconjunctival
haemorrhages, and retinal necrosis (Blight & Hart, 1977).
The best example of contre-coup ocular injury is commotio

retinae (Hart & Frank, 1975).
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Anterior-posterior Compression and Horizontal Expansion

The volume of a fluid filled indistensible enclosed space
cannot be changed. Therefore, when the eye (which has
limited distensibility) is compressed along its antero-
posterior axis, it must either expand in its horizontal
plane or rupture. Using high speed photography, Delori
and associates studied blunt trauma in enucleated pig eyes
(Delori et al, 1969). The cornea was indented by up to
8.5 mm, reducing the original antero-posterior axis by 41%
and bringing the posterior surface of the cornea into
contact with the iris and the lens. The equatorial plane
circumference was expanded to 128% of its original length.
In a similar study, Weidenthal & Schepens (1966) subjected
enucleated pig eyes, which were mounted in 10% gelatin, to
contusion. The eyes exhibited intraocular changes similar
to those in eyes traumatised in situ. Apart from damage
to the 1lens, these changes included detachment of the
nasal ora serrata, nasal retinal dialysis, festoon forma-
tion, peripheral pigmentary changes, and tears in the
ciliary epithelium of the pars plana. Damage to the nasal
ora serrata was most common when the site of impact was
near the centre of the cornea. It was necessary to strike
the globe near the temporal limbus to produce a temporal
retinal dialysis. It was concluded that much of the
damage which was produced experimentally in the fundus

periphery was the result of rapid equatorial expansion and

57



oscillation of the ocular coats following impact.
Temporal retinal dialysis was probably caused by 1local

deformation of the sclera near the temporal ora serrata.
Eyelids
Haemorrhage

Bruising of the eyelids may arise from local or remote
extravasation of blood spreading into the palpebral region
because of the tissue laxity. This gradually absorbs but
rarely infection arises. Such bruising is usually benign,
but it may be related to severe ophthalmic injury
(Culbertson, 1983). éareful examination of the eye is

thus required in each case.

Haemorrhage and oedema of the eyelid may cause ptosis;
this is essentially a mechanical problem which, by virtue
of the extra bulk or weight of the involved eyelid, causes
it to droop. With spontaneous absorption of the oedema
and haemorrhage, the eyelid should gradually rise to its

normal level without treatment (Arden & Moore, 1989).

Ptosis due to traumatic third nerve paresis requires no
immediate treatment but should be 1left for about six
months, as spontaneous recovery ensues in many instances

(Russell, 1960).
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Laceration

Lacerations of the eyelids are divided into two groups:
those that are parallel to the eyelid margin and hence do
not gape, and those that involve the eyelid margin and are
drawn apart by traction of the fibres of the orbicularis
oculi muscle (Newell, 1986). Suturing is generally desi-
rable with careful apposition of the wound edges using a
fine suture material such as 5/0 collagen for deep tissue
and 6/0 silk for the skin. Wounds of the 1id margins
merit special attention to avoid the sequel of a notch or

defect (Culbertson, 1983).

Conjunctiva

Damage to the conjunctiva is rarely serious, but great
care should be taken during examination because perforat-
ing or lacerating injuries of the bulbar conjunctiva may
conceal a perforating or penetrating wound of the under-

lying sclera (Lichenstein, 1991; Martin, 1988).

Blunt injuries to the conjunctiva usually cause oedema
(chemosis) but this resolves spontaneously. A breach of
one or more conjunctival capillaries gives rise to subcon-
junctival haemorrhages. Although unsightly, these haemor-
rhages gradually absorb without treatment. Haemorrhage

from osseous fracture cannot be visualised at its poster-
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ior border irrespective of the ocular position. There is
usually a latent period of several hours following the

fracture before such haemorrhage becomes subconjunctival.

Lacerations of the conjunctiva usually merit suturing
unless they are small, using fine suture materials such as

6/0 collagen, 6/0 cat gut or 8/0 vicryl.

While oedema and haemorrhage into the soft .tissues are
prominent features of orbital fractures, the escape of air
from the maxillary or ethmoid sinuses into the orbit
(orbital emphysema) is not infrequent. This air may pass
forward below the conjunctiva giving a bulbous appearance
and crepitation on palpation (Jordan et al, 1988; Coppeto,

1987).
Cornea

Abrasions of the corneal epithelium (Fig 1.2) are common,
but since they heal rapidly, they are of little long term
consequence unless complicated by recurrent abrasion.
Endothelial damage can be more serious (Cibis et al,
1978). A 1local concussion (coup effect) can rupture
endothelial cells and the tight junctions between them,
In addition, in severe injuries the endothelium can be
further damaged by being pushed against the iris and the

lens. The transient corneal oedema usually clears
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promptly, but endothelial damage can be permanent
(Slingsby & Forstot, 1981). Hyphaema (Fig 1.3) probably
results, in most cases, from tearing of blood vessels at
the root of the iris (Tonjum, 1966). Follow up studies of
patients with traumatic hyphaema show endothelial cell
loss that correlates with the severity of the initial
injury (Cibis et al, 1978} Bourne et al, 1976). When a
total hyphaema and a high intraocular pressure are
present, the damaged corneal endothelium permits erythro-
cyte fragments to enter the corneal stroma. The resultant
corneal blood staining clears spontaneously, but this may
require many months. The central cornea clears last

(Slingsby & Forstot, 1981).

In injuries severe enough to rupture the corneal stroma,
the wound usually crosses the limbus into the adjacent

sclera (Cherry, 1978; Cherry, 1972).

Lacerations of the cornea vary greatly in their extent. A
small superficial tear will often heal without interven-
tion but rupture of Bowman's membrane leaves opacifi-
cation, Deep corneal lacerations usually require suturing
especially if associated with a flat anterior chamber or
incarcerated tissue. All incarcerated tissue should be
removed or freed from the wound, the corneal wound
repaired meticulously, and the anterior chamber re-formed

to prevent synechiae.
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Stellate 1lacerations with retraction of corneal stroma
should be accurately sutured. If there is leakage of
aqueous, surgical adhesive and a bandage 1lens may be
applied. If such treatment is not sufficient, or if there
is evidence of corneal tissue loss, a patch graft is

indicated (Goldberg and Paton, 1976; Troutman, 1974).
Anterior Uvea

When the cornea is abruptly forced backward by severe
blunt trauma, it presses the iris against the 1lens
preventing the escape of aqueous into the posterior
chamber. If enough force is applied, the entrapped
aqueous is thought to dissect into the ciliary body, most
commonly into its anterior face resulting in angle reces-
sion (Kaufman & Tolpin, 1974). Tearing of the ciliary
body is responsible for about 90% of the hyphaemas seen
after blunt trauma (Read and Goldberg, 1974; Tonjum,
1966). Haemorrhage may also occur if the iris is sepa-
rated from the ciliary body (iridodialysis, fig 1.4) or if

the sphincter muscle is ruptured.

After blunt trauma to the eye the intraocular pressure may
be normal, increased, or decreased. Agqueous out-flow may
be decreased because of angle recession, inflammatory

trabeculitis, or hyphaema. Ciliary body injury tends to
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decrease aqueous inflow. The intraocular pressure depends

on the balance of these factors (Benson et al, 1991).

It is thought that the pressure rise is caused by trabec-
ular damage and not by the angle recession itself (Yanoff
& Fine, 1975). However, the larger the area of recessed
angle the higher the incidence of glaucoma. Nine percent
of patients with angle recession develop glaucoma (Kaufman
and Tolpin, 1974). It is important to be aware of the
fact that the glaucoma may not develop until many years
following the injury. For that reason, Kaufman and Tolpin
advocated that all patients with extensively recessed
angles (180° or more) should be examined periodically for
late glaucoma. However, the number of patients in their
study (n=33) is too small to allow such generalisations to

be made,

Blunt injuries to the eye may give rise to traumatic
miosis or mydriasis of the pupil. Such a defect is usually
permanent (Duguid, 1985). A mydriasis, which is due to
pupil sphincter rupture (Fig 1.5), is prominent after
severe concussion of the eye and is usually accompanied by
paresis of accommodation (Martin, 1988). A spastic miosis
is common after less severe injury to the globe. In such
cases, miosis may be accompanied by a transient spasm of

accommodation brought about by axonal reflexes. This spasm
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may be followed within minutes or hours by paralytic

mydriasis (Benson et al, 1991).

Care should be taken to exclude other causes of pupillary
dilatation, such as antecedent Adie's pupil and, in the
unconscious patient, an oculomotor nerve palsy resulting
from intracranial injury with tentorial herniation of the

cerebrum.

Prolapse of the iris through a perforating wound leads to
distortion and peaking of the pupil towards the perfora-

tion which requires immediate surgical intervention.

Lens

Trauma is the most common cause of unilateral cataract
(Fig 1.6) in young individuals and concussion injuries may
lead to the development of Vossius' ring due to an
'‘imprinting' of iris pigment onto the anterior 1lens
capsule (Britten, 1965). A concussion injury may also
cause a transient anterior subcapsular cataract, known as
rosette cataract. This may progress to involve the whole

lens (Ioannides et al, 1988).

Blunt trauma to the eye may cause subluxation (Fig 1.7) or

total dislocation of the 1lens (Ioannides et al, 1988;
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Milauskas & Fueger, 1966). In some cases the lens itself

can rupture and cause phacolytic glaucoma (Martin, 1988).
Ciliary Body

Damage to the ciliary body can result in impairment in the
formation of aqueous and a consequent reduction in intra-
ocular pressure. Moreover, injury to the ciliary muscle
gives rise to impairment in accommodation, which is a
fairly common short-term sequela of eye injury. There is
no specific treatment for either of these conditions. The
intraocular pressure is normally restored shortly after
injury, and accommodation similarly recovers spontaneously

in most cases.

Traumatic cyclodialysis is unusual and results from severe
blunt ocular injury (Read & Crouch, 1991). A persistent
very low intraocular pressure may indicate that c¢yclo-

dialysis has taken place.

Retinal Injuries

Commotio Retinae (Fig 1.8)

This is a contre-coup injury. It is a retinal oedema which

can occur peripherally or centrally, at the macula. When

transient and reversible, it may be called Berlin's oedema
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(Berlin, 1873). Immediately, and for several hours after
trauma, the retina may appear normal, although the patient
may complain of decreased vision. Thereafter the affected

area becomes opalescent with an ill defined periphery.

The visual acuity in commotio retinae varies from 6/6 to
6/60 and does not always‘correlate with the degree of
retinal oedema. The majority of patients report a rapid
improvement in vision during the first 40 minutes or so
after injury (Hart & Frank, 1975). Prognosis is usually
excellent except in cases with associated subfoveolar
choroidal rupture. Poor visual recovery can also be
expected in cases with severe retinal pigment epithelial
damage. This, usually is preceeded by serous retinal de-
tachment, which can be confirmed by leakage of fluorescein
into the subretinal space (Friberg, 1979; Hart & Frank,
1975). Experimental studies have shown that following
severe injury, produced by firing a pellet from a modified
airgun, fragmentation of the photoreceptor outer segments
and damage to the retinal pigment epithelium occur the
site of impact and gradual regeneration of the photo-
receptor segments subsequently takes place (Blight & Hart,

1975).

The late manifestations of blunt injury to the retinal
pigment epithelium (RPE) vary from minor atrophic changes

to massive hyperplasia and migration of the RPE cells.
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This latter condition results in bone corpuscular and
granular pigmentation that resembles retinitis pigmentosa
(Bastek, 1981; Crouch and Apple, 1974; Cogan, 1969).
Total retinal destruction of all retinal layers can occur

in some cases (Crouch and Apple, 1974).

In rare cases, retinal cohtusion causes cystoid macular
oedema which may, in turn, progress to a macular cyst or
hole (Friberg, 1979). A macular hole (Fig 1.9) can also
be caused by acute posterior vitreous detachment with
foveal traction (Friberg, 1979). In this case an overlying

operculum is seen.
Retinal Tears
Necrotic Tears

If a blunt object strikes the eye posterior to the ora
serrata, the direct concussive effects on the retina (coup
effect) may cause full thickness retinal necrosis with

subsequent retinal detachment (Cox & Freeman, 1979).
Vitreous Traction Tears

Weidenthal and Schepens (1966) concluded from their study
of non-perforating trauma to enucleated pig eyes that

rapid equatorial expansion is responsible for tears at the
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anterior and posterior borders of the vitreous base. When
the eye is rapidly compressed, the eye does not have time
to stretch. As a consequence, there is strong traction
at the vitreous base that may cause tears at its anterior
and posterior borders. Nasal retinal tears were most
common when the site of impact was near the centre of the
cornea whilst temporal tears were probably caused by local

deformation of the sclera near the temporal ora serrata.

Whatever the mechanism, a portion of the vitreous base can
be avulsed from the retina and pars plana. The appearance
of this avulsion is pathognomonic of blunt trauma and may
have considerable medico-legal importance (Weidenthal &
Schepens, 1966). In most cases of severe trauma, the
vitreous base does not separate clearly from the retina
and pafsr plana epithelium, It remains adherent, thus
tearing these structures. The retina can be torn along
the posterior margin of the vitreous base, or the non-
pigmented pars plana epithelium can be torn along the
anterior margin of the base, or both can be torn
simultaneously. Tears along the anterior and posterior
margins of the vitreous base are common inferotemporaly
and superonasaly. When 1located superonasaly, they are
usually caused by trauma (Hagler & North, 1968). There is
some controversy as to whether inferotemporal tears along
the vitreous base are all traumatic or whether they can be

familial and developmental (Ross, 1981; Verdaguer et al,
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1975). Tasman's clinical study (1972), in which he pro-
spectively followed up, for two years, 52 patients who had
sustained ocular contusion, confirmed Weidenthal's
experimental evidence that tears caused by blunt trauma
nearly always occur at the time of injury. Nine of 52
patients had dialysis diagnosed within three weeks of
injury while a tenth patieﬁt was found to have a dialysis
when his vitreous haemorrhage cleared four months after
injury. Other investigators have confirmed this conclusion

(Sellors & Mooney, 1973)
Stretch Tears

If the retina is too inelastic to stretch when the eye
expands horizontally, retinal breaks concentric to the
optic nerve are produced. These breaks have the unusual
tendency to be partially self-sealing. In some cases the
retina remains attached. 1In others it detaches (Benson et

al, 1991).
Retinal and Vitreous Haemorrhage

If the retina is torn, blood vessels which bridge fhe
tears may bleed into the vitreous (Cox et al, 1966).
Vitreous haemorrhage can also result from acute posterior
vitreous detachment (PVD) and avulsion of superficial

retinal vessels (Cox & Freeman, 1979). A third possible
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mechanism is rupture of the ciliary body (Benson, et al,
1991). In many cases the source of bleeding is never

found.

Retinal haemorrhages may be small or large, single or
multiple and varied in position. They usually absorb slow-
ly either spontaneously or with proliferative neovascular-
isation from the retinal vasculature. Occasionally,
fibrosis in the vitreous can result in a tractional

retinal detachment (Cox & Freeman, 1979).

Retinal Detachment

The distortional effects of concussive injury may cause
retinal detachment (Fig 1.10). The vitreous gel is firmly
adherent to the peripheral retina, and the acute coronal
distension that accompanies anteroposterior blunt eye
injury can result in a retinal tear (Delori et al, 1969).
This condition causes a retinal dialysis (Fig 1.11) or the
formation of a retinal hole because the distortional
forces produce vitreous traction at the retinal periphery.
Laboratory experiments indicate that the majority of
retinal breaks caused by contusion are formed at the time
of injury (Delori et al, 1969; Weidenthal & Schepens,
1966). It has been suggested that virtually all cases of

retinal dialysis are secondary to trauma (Ross, 1981).
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Traumatic retinal breaks are treated with cryotherapy or
photocoagulation, otherwise detachment may later develop.
Demarcation 1lines, atrophy of the underlying pigment
epithelium, subretinal precipitatés and extensive vitreous
tobacco dust' are all commonly seen following traumatic
retinal detachment (Cox & Freeman, 1979; Cox et al, 1966).
Because these detachments rarely progress to proliferative
vitero-retinopathy, the prognosis for re-attachment is
excellent provided, of course, that all breaks are found.
Blunt trauma is the leading cause of retinal detachment in

children and adolescents (Winslow and Tasman, 1978).
Traumatic Retinal Angiopathy (Purtscher's Retinopathy)

This is an 4indirect ophthalmic consequence of injury.
Multiple discrete, superficial infarcts of the retina
(Fig 1.12) manifesting as 1loss of <central vision,
accompanied by the development of multiple cotton-wool
spots adjacent to the optic disc, may appear as a result
of severe skull fractures, chest compression, and 1long
bone fractures (Purtscher, 1910). Although the patho-
genesis is unknown, a sudden increase in pressure within
the retinal venules has been incriminated (Archer, 1986),
as have fat emboli. There is no specific treatment but
the prognosis is good with spontaneous, gradual recovery

of vision during the ensuing 2 to 3 months in most cases.
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Choroidal Injuries
Choroidal Tear (Fig 1.13, 1.14)

Oedema of the choroid does not usually threaten vision,
nor does a rupture or tear of the choroid except when it
involves the macular area- when loss of central vision
results (Duguid, 1985). Posterior choroidal ruptures are
probably caused by antero-posterior compression and hori-
zontal expansion. The retina is relatively elastic and the
sclera is relatively tough. Both resist rupture. Bruch's
membrane, on the other hand, is inelastic and more prone
to rupture. Rupture of the adjacent choriocapillaris often
results in subretinal haemorrhage. Patients with angioid
streaks and other conditions known to be associated with a
fragile Bruch's membrane are especially vulnerable to
choroidal rupture (Wood & Richardson, 19902), Fluorescein
angiography can be useful in detecting small ruptures.
Choroidal tears frequently result from severe contusion to
the eye. They are commonly crescentic to the optic disc,
vertical, and of variable length. They often lie between
the disc and macula (Wood & Richardson, 1990b). Only rare-
ly is a rupture radially oriented. Such ruptures are
usually temporal to the disc and single, although nasal
and multiple ruptures can also occur (Wood & Richardson,
1990b). No treatment is usually needed. However, a

choroidal tear can be complicated by the development of
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subretinal new blood vessels, which may themselves bleed
(Wood & Richardson, 19902). 1In some cases, such a lesion
may warrant laser photocoagulaion. All patients with a
choroidal tear should, therefore, be evaluated and

followed up by an ophthalmologist.
Choroidal Effusion

In cases of ocular hypotony, the choroid may detach from
the underlying sclera owing to the accumulation of under-
lying plasma-like fluid. Treatment for the hypotony (eg.
by repairing a scleral rupture) usually results in spon-

taneous reapposition of the choroid.
Scleral Injuries

Severe trauma can rupture the sclera (Cherry, 1972). It is
important to recognise that this rupture may be "silént“
and that sometimes the only clinical sign is ocular
hypotony. The two most common sites for indirect rupture
are the superonasal quadrant close to the 1limbus and
parallel to the muscle insertions between them and the
equator (Cherry, 1972). Radial and posterior ruptures are
relatively uncommon (Slingsby & Forstot, 1981; Cherry,
1972). 1In one series of 34 cases of scleral rupture, 18%
were associated with orbital fracture (Cherry, 1972). The

hallmarks of scleral rupture are hypotony (although this

73



is not always present), an abnormally deep anterior
chamber, decreased ocular movements, and severe subcon-
junctival oedema (Cherry, 1972). If a scleral rupture is
not repaired, persistent hypotony or the ingrowth of
fibrous tissue into the eye may develop. In addition,
sympathetic ophthalmia may rarely complicate scleral
rupture (Rao et al, 1983;.Rao & Wong, 1981; Lubin et al,

1980).

When the diagnosis is c¢linically difficult, ultrasono-
graphy and CT scanning can be helpful. The prognosis for
useful vision in a ruptured globe is poor (Cherry, 1978;
Milauskas & Fueger, 1966). Surgical exploration and repair
is indicated in the majority of cases of persistent hypo-
tony in which there is no alternative explanation, as
repair of the scleral rupture is usually accompanied by
restoration of intraocular pressure and prevents the

complication of fibrous ingrowth (Cherry, 1978).
Optic Nerve Injuries
Rowbotham (1964) has classified traumatic optic neuropathy

on the basis of a review of 3.6% (66 cases) of 1800

patients with facial injury.
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Anterior Marginal Tear (12%)

This tear is diagnosed on the basis of the following
signs. The development of a nerve fibre bundle visual
field defect associated with early optic nerve pallor in
one sector is suggestive of anterior optic nerve injury.
This problem may be accompanied by spasm of the retinal
vessels and, in some cases, haemorrhage at the optic disc
margin that is associated with subsequent pigmentation.
The disturbance of visual acuity and visual field depends
upon the site and severity of the injury. Loss of vision
is incomplete, but only little recovery takes place. The
mechanism of damage is probably torsion of the globe with

respect to the optic nerve.

Damage to the Anterior Optic Nerve (13%)

This condition follows frontal head injury and is usually
accompanied by a local skull fracture. There is evidence
of injury to the optic nerve behind the level of the optic
disc but anterior to the entry of the central retinal

artery.

Clinical examination of the posterior pole reveals the
appearance of a central retinal artery occlusion with
retinal oedema. Severe and complete loss of vision was

seen in the majority of Rowbotham's cases.
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Canalicular Optic Nerve Damage (65%)

In most cases (70%), this damage follows frontal injury.
The patient is subject to immediate loss of vision. The
prognosis for vision is poor, with fewer than 20% of
patients developing useful recovery of vision. Pallor of
the optic disc ensues with-an average time of onset of 23
days. In Rowbotham's series, visual field loss occurred
primarily in the lower visual field in 70% of cases, which
lent support to a vascular aetiology for this injury, as
it mirrored the clinical features of presumed hypertensive
and arteritic posterior ischaemic optic neuropathy
(Rowbotham, 1964). Such injury is probably due to stretch-
ing, thrombosis, or tearing of the small vessels supplying
the optic nerve, and surgical decompression is probably
not indicated. The indication for surgical exploration is
that of initial recovery of vision with 1late deterio-
ration, in which case the deterioration may occasionally
be reversed by dividing the traumatic arachnoid adhesions

that may develop.

Heinze (1969) carried out a study of the pathology of the
optic nerve in patients who sustained traumatic optic
neuropathy and subsequently died. In the majority of
cases, haemorrhage into the optic nerve sheath was seen.
AIn only 1 of 21 cases was laceration of the nerve

observed, and partial division of the optic chiasm occur-
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red in one other case. Perhaps intra-sheath haemorrhage
compresses and occludes small blood vessels to the nerve
fibres, or haemorrhage or thrombosis within the nerve
causes an ischaemic atrophy (Anderson, 1982; Edmund and
Godtfredsen, 1963; Gordon and Macrae, 1950). Contusion
necrosis of the optic nerve has also been suggested
(Shammas and Matta, 1974).- Severe intra-orbital haemor-
rhage may result in a preventable post-traumatic atrophy

of the optic nerve (Butt, 1979).

Comparison of groups of patients treated with or without
operative decompression of the optic nerve reveals that
the overall prognosis for visual recovery is the same in
both groups, with improvement in vision in 25% to 40% and
no recovery in the remainder (Walsh & Hoyt, 1969).
However, when a course of systemic steroids was given as
standard to all patients, the rate of visual improvement
rose to 56% on steroids alone with additional improvement
of 33% following optic nerve decompression in selected
cases (Mauriello et al, 1992). Recovery of vision follow-
ing removal of haematoma in the optic nerve sheath without
pre-operative steroid treatment has also been reported
(Gjerris, 1976). Spontaneous recovery from traumatic
optic neuropathy following blunt head trauma has also been

described (Wolin & Lavin, 1990).
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The role of decompression procedures remain controversial,
and the indications are not clear. It has been suggested
that a narrowed or dislocated optic foramen, accompanied
by slowly progressive loss of vision, provides a relative
indication for surgical exploration (Walsh & Hoyt, 1969).
A lucid interval of vision after injury and an enlarged
optic nerve sheath have also been implied to be associated
with improved prognosis following optic nerve sheath

decompression (Mauriello et al, 1992),

Unlike with rapid loss of vision, for which there is pro-
bably no effective treatment, high-dose steroids appear to
be of benefit if there is gradual, progressive loss of
vision (Spoor et al, 1990; Lam & Weingeist, 1990; Anderson

et al, 1982).

A more severe complication of blunt trauma is avulsion of
the optic nerve from the eye (Fig 1.15). Although this
usually is accompanied by severe damage to other ocular
tissues, it can be the sole manifestation of an apparently
minor ocular trauma following midfacial fracture (Ketchum

et al, 1976).

Chiasmal Injury

Frontal injury close to the midline is most likely to give

rise to chiasmal injury. Although occasional cases of

78



oa::8 (DL G>) @+V3 2VB?Col @ (1?21 @@ C3V3+3 (2)>2? E+2BH]



chiasmal tears have been reported (Heinze, 1969), in the
majority of instances, no microscopic injuries are seen.
The result is immediate bitemporal hemianopia, which may
be explained by occlusion of the central chiasmal artery
(Russell, 1960). In some cases, optochiasmal injuries may
occur in which the ipsilateral eye 4is blind and the
contralateral eye has teﬁporal hemianopic field 1loss.
Patients complaining of subtle impairment in visual
function following head injury should undergo a detailed
examination of the visual field, as subtle upper
quadrantic bitemporal field defects may occur that would

otherwise be missed.
Retrobulbar Haemorrhage

Retrobulbar haemorrhage is an uncommon sequel to facial
fractures (Ord et al, 1986). In the majority of cases,
this problem resolves spontaneously, with no adverse
sequelae. However, blindness attributed to retrobulbar
haemorrhage has been reported following ocular trauma
(Babajews & Williams, 1986), malar fracture reduction
(ord, 1981; Gordon & Macrea, 1950), orbital floor repair
(Nicholson & Guzak, 1971), orbital surgery (Ord, 1981) and
blepharoplasty (Putterman, 1975). Venous haemorrhage
probably causes no problem, but arterial haemorrhage can
lead to compromise of optic nerve function and central

retinal artery obstruction (Wood, 1986; Katz et al, 1983).
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The patient usually complains of a severe aching pain
accompanied by progressive 1loss of vision. Proptosis
occurs and is accompanied by raised intraocular ﬁressure,
marked subconjunctival haemorrhage, and gross eyelid swel-
ling (Wood, 1986). As vision is lost, the pupil becomes
fixed and dilated. Immed_iate surgical decompression is

required (Katz et al, 1983),.

Lacrimal Passages

Disorders of the 1lacrimal passages are not uncommon in
crushing injuries (Mewe, 1980). However, damage to the
lacrimal drainage system has been reported in only 0.5% of
337 midface fractures (McCoy et al, 1962). The infrequent
occurrence of epiphora following nasal fractures is
probably due to the protective influence of the medial
canthal ligament, which may prevent tearing of the upper
lacrimal pathways (Stranc, 1970b). Avulsion of the medial
canthal ligament following trauma can lead to displacement
of the lower lacrimal punctum and the lacerated ligament
should be sutured in the correct position as soon as

possible.

Postoperative epiphora is frequently due to malposition of
the lower eyelid and eversion of the punctum (Gruss et al,
1985). In severe nasal-orbital-ethmoid fracture, open

reduction is usually preferable to avoid malpositioning of
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 the bone fragments, which can lead to nasolacrimal appara-
tus obstruction (Gruss et al, 1985). In most cases of
nasolacrimal injury, it is the bony canal that is

obstructed.

Dacryocystorhinostomy is indicated no sooner than 3 months
following injury, as sponténeous recovery of function may
take place. In addition, some individuals do not develop
epiphora in the long term and, therefore, do not warrant

surgery.

1.5.2 Disorders of Ocular Motility

Disturbances in ocular motility may arise from:
l. Disorders of the central control of eye movement.
2, Injury to cranial nerves III, IV, or VI; or
3. Orbital injury with associated muscle injury or

entrapment.

1. Disorders of Central Control of Eye Movement

Impairment of Accommodation and Convergence

Weakness of accommodation and convergence may follow head

injury (Doden & Bunge, 1965). Most cases show parallel

defects of the two functions as would be expected from
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their synergistic relationship. Occasionally, either may
be deficient separately (Cross, 1945). Sometimes a brain
stem or third nerve lesion may be responsible for causing
either the combined defect or a weakness of either action
alone. In many cases no organic cause can be detected

(Duke-Elder, 1972).

Failure of convergence has also been reported following
whiplash injuries to the cervical spine (Anderson, 1961).
In some cases, it may be difficult to determine whether
failure of convergence results from organic pathology or

is functional in origin.

In the majority of cases, spontaneous resolution takes
place. Occasionally, accommodation and convergence do not

recover (Candler, 1945).

Loss of Fusion

Head injury may lead to loss of fusion of the images from
both eyes resulting into diplopia (Stanworth, 1974; Hart,
1969). Trauma is also a recognised cause of the breakdown
of a pre-existing heterophoria (Lee, 1983). Both cerebral
contusion with or without skull fracture and whiplash
injury may cause this problem., Spontaneous recovery may

or may not occur.
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Lateral Gaze Palsy

Lesions of either the frontal cortex or the pons may cause
lateral gaze palsy, with or without persistent conjugate
deviation of the eyes. In cerebral contusion, the eyes
are deviated towards the damaged side, and spontaneous
recovery of function usually occurs within 1 to 4 weeks
(Lee, 1983). Pontine trauma, on the other hand, manifest

a range of other clinical signs which tend to persist.

Skew Deviation

Skew deviation, where there is a vertical disparity in the
position of the eyes on eccentric gaze, may result from a
closed~head injury. However, the sign is not of localising

value (Lee, 1983).

Parinaud's Syndrome

Parinaud's Syndrome results from midbrain trauma. The
pupils are mid-dilated and fixed, and there is impairment
in convergence and paresis of elevation (Lee, 1983).

Post-Traumatic Nystagmus

This may occur as a result of trauma to the petrous part

of the temporal bone, with associated damage to the
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labyrinthine system, or may be due to brainstem trauma

(Lee, 1983).,

2, Cranial Nerve Injury

Up to 25% of all maxillofacial fractures are associated
with head injuries (Walsh & Hoyt, 1969). Thus, in addition
to direct trauma, various degrees of CNS damage with
altered levels of consciousness as well as possible trauma
to cranial nerves can present a difficult and complex

diagnostic problem (Barr, 1970).

Typically, traumatic palsies of cranial nerves III, 1V,
and VI are caused by closed head injury, and a major cause
is road traffic accident (Lee, 1983). The reported
incidence of ocular palsies associated with head injuries
ranges from 3% (Russell, 1960) to 7% (Hughes, 1964)
although these figures must reflect referral criteria.
Almost half of traumatic ocular palsies are due to road
traffic accidents (Rucker, 1958). There is 1little
relationship between the actual site of the trauma and the
motility disturbances which ensues. Typically, the root-
lets of origin of the III, 1V, and VI nerves may be
avulsed at their origin from the brain stem irrespective

of the actual site of trauma (Heinze, 1969).
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In a series of 1000 cases of ocular nerve palsies (Rucker,
1958), 16.8% were found to be traumatic in origin (30% 3rad
cranial nerve, 14.5% 4th cranial nerve, 34% 6th cranial
nerve, and 21.5% combinations). In a detailed neuropathic
assessment of 21 patients in whom cranial nerve palsies
developed following road traffic accidents but who failed
to survive, cranial nerve iII injuries comprised avulsion
from the brainstem or contusion necrosis and intraneural
haemorrhage in the region of the superior orbital fissure
in equal proportion. There were six cases of abducens
nerve injury. In five cases the nerve had been avulsed,
and in only one was damage found at the point where the
abducens nerve passes over the tip of the petrous temporal
bone. Haemorrhage into‘the extraocular muscles close to
the globe was found in 12 cases. This haemorrhage was
commonly, but not invariably, associated with orbital

fracture (Heinze, 1969).
Oculomotor Nerve Palsy

Oculomotor nerve palsy typically occurs following a fron-
tal blow to the head, such as in a motorcycle accident,
The condition is usually unilateral. There is ptosis,
fixed dilation of the pupil, and abduction with slight
depression of the globe. Three outcomes are possible: (1)

no recovery, (2) recovery because of regeneration, and (3)
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aberrant regeneration. Recovery may take between 6 and 9

months to occur.
Trochlear Nerve Palsy

Trochlear nerve palsy may be unilateral or bilateral.
Vertical diplopia, which ﬁay be accompanied by torsional
diplopia, occurs. Torsion is especially problematic with
bilateral cases. Frontal anteroposterior trauma is the
most common cause (Burger et al, 1970). The presumed site
of injury is the origin of the trochlear nerve from the
posterior brainstem, perhaps following contre-coup injury
upon the tentorium cerebelli. Spontaneous recovery may
occur 3 to 6 months after injury. Surgery for squint is
deferred to allow time for recovery to take place (Lee,

1983).
Abducens Nerve Palsy

The nerve may be damaged at its exit from the brainstem or
within the cavernous sinus resulting in failure of abduc-
tion. Abducens palsy may also result from a traumatic
caroticocavernous fistula. Surgery for squint is again
deferred to allow spontaneous recovery to occur (Lee,

1983).
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3. Mechanical Muscle Palsies

Diplopia is a common sequel to orbital injury. Causes of
trauma-related motility disorders include entrapment of an
extraocular muscle or its adjacent fascia in a fracture
site, intramuscular haemorrhage and oedema, orbital haema-
toma, disinsertion of an e#traocular muscle, and injury to

the trochlea (von Noorden, 1979).
Blow-out Fracture

Anatomy of the orbit and pathogenesis of the orbital blow-
out fracture as well as the appropriate radiological

investigations have all been described (Section 1.3-1.5).
Clinical Signs

A blow=-out fracture may be manifested by one or more of

the following clinical signs:

l. Enophthalmos may initially be masked by tissue
oedema. It may result from the combined effects of
enlargement of the volume of the orbital cavity, prolapse
of orbital fat, fat necrosis due to trauma or infection,

and fibrotic shortening of extraocular muscles.
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2. Impairment of ocular movement, which may cause
diplopia (Crumley et al, 1977), may be due to muscle
entrapment, fascial entrapment, injury to extraocular
muscles, intraorbital or intramuscular haemorrhage, nerve

damage, or the breakdown of a pre-existing heterophoria.

Typically, there is restriction of up and down gaze.
Elevation of intraocular pressure on attempted elevation
is suggestive of entrapment. Occasionally, retraction of
the globe on upward gaze may be seen, owing to inferior
rectus muscle entrapment, A positive forced duction test

is helpful in confirming this diagnosis.

3. Pseudoptosis and deepening of the supratarsal fold
accompany the enophthalmos. Attempted elevation of the

affected 1id leads to 1lid retraction on the opposite side.

4. Orbital emphysema may be seen shortly after injury

but absorbs spontaneously.

5. Infraorbital nerve anaesthesia may occur. In 55%
vof cases, the symptoms resolve within one year of injury
(Gillison & 0Oei, 1975), and many patients are symptom free
in 2 years. However, persistent pain and dysaesthesia may

be a sequel, especially to an orbital rim fracture.
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Serious injury to the eye can also occur in up to 40% of
cases (Leibsohn et al, 1976; Fradkin, 1971; Emery et al,

1971; Dodick et al, 1969; Milauskas & Fueger, 1966).
Practures of the Orbital Roof

The incidence of orbital roof fractures in patients
suffering from facial bone fractures is approximately 5%
(McLachlan et al, 1982; Schultz, 1970). Undisplaced, blow-
in, and blow=-out fractures have all been described (Curtin
et al, 1982; Sato et al, 1978). Bone fragments can inter-
fere with superior rectus muscle function and cause
impairment of elevation and ptosis of the upper 1lid. 1In
addition, penetrating injuries may perforate the orbital

roof and enter brain tissue (Flanagan et al, 1980).

The orbital roof is particularly weak at its posterior
aspect and in the region of the superior orbital fissure
and optic canal. Thus, the optic nerve and nerves passing
through the superior orbital fissure may all bevinjured in
various combinations. Epidural haematoma, depressed
fracture of the superior orbital rim, persistent pneumo-
cephalus with cerebrospinal fluid rhinorrhea, and tension
pneumocephalus have all been reported to complicate such
injuries (Wesley & McCord, 1982; Flanagan et al, 1980).
Prolapse of orbital tissue into the frontal air sinus may

also occur (Curtin et al, 1982).
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A forced duction test may be positive, particularly in the
upward direction, because the bones impinge on the muscle
and mechanically restrict upward gaze. This finding can
cause diagnostic confusion with an inferior blow-out

fracture (McLurg & Swanson, 1976).
Trauma to the Trochlea

The superior oblique muscle passes through the trbchlea
close to the medial superior orbital margin. If the muscle
is injured, subsequent fibrosis can result in tethering,
which in turn leads to additional restriction of elevation
of the eye. Entrapment of the superior oblique tendon in
an orbital roof fracture has also been described (Al-
Qurainy et al, 1988). Many patients recover spontaneously,
but injection of steroids or surgical intervention may be

required.
Displacement of the Globe
The eye may be displaced in any dimension following

orbital injuries, namely, anteroposteriorly, horizontally,

or vertically.
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Proptosis

Proptosis is common initially, owing to haematoma and
swelling of orbital tissues. In the majority of cases,
this condition resolves spontaneously. Subperiosteal
haematoma, notably of the orbital roof (Wolter, 1979), may
give rise to persistent prﬁptosis associated with downward
displacement of the globe. Persistent proptosis may also

result from inward displacement of orbital bone fragments,
Enophthalmos

Enophthalmos is a common late sequel that may initially be
masked by intraorbital tissue swelling and haematoma.
Expansion of the orbit, prolapse of soft tissue through a
blow-out fracture, necrosis of soft tissue, and fibrosis
may all contribute to the clinical picture (Converse et

al, 1961).

Vertical Displacement

Vertical displacement commonly accompanies orbital frac-
ture. In the acute phase, the eye may be displaced upward

by haematoma. In the late phase, downward displacement of

the globe is more common.

91



Horizontal Displacement

Horizontal displacement occurs laterally when the medial

canthal ligament has been severed or the orbital bones

have been laterally displaced (Mustarde & Rycroft, 1971).
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1.6 TRAUMA TO THE FACE: REVIEW OF LITERATURE

1.6.1 Midfacial Trauma

Blow-out Practure of the Orbital Floor

Lang (1889) was the first to suggest that a fracture of
the orbit may be responsible for the condition he called
'Traumatic Enophthalmos'. This was emphasized and further
described by Pfiffer in 1943 and Converse and Smith in
1956, who later added diplopia to its features and coined
the term 'Blow=-out Fracture'. King and Samuel (1944)
reported a case of blow-out fracture of the orbital floor
caused by a sudden increase in the intraorbital pressure
which had resulted from a traumatic force to the soft
tissue of the orbit. 1In 1957, Smith and Regan carried out
experimental studies which suggested that blunt trauma to
the orbit resulted in increased hydraulic pressure of the
intraorbital contents thereby causing a downward fracture
of the thin walled orbital floor. This theory was also
supported by Converse et al (1961) who described muscle
entrapment in an orbital floor as a cause of enophthalmos

and diplopia.

In 1964, Dingman and Natvig, plastic surgeons, reported

for the first time a case of blow-in fracture of the
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orbital floor due to the buckling effect of a severe blow

to the orbital rim.

In 1966, Atiyeh and associates added paraesthesia of the
infraorbital nerve distribution to the features of the
true blow-out fracture of the orbital floor whilst DeHaven
and Harle (1966) reported several cases of "black eyes"
due to such fractures and called for careful examination
of the orbit in such cases. In the same year, Milauskas,
an ophthalmologist, and Fueger, a radiologist, reported a
series of 84 consecutive patients with blow-out fractures,
14% of whom suffered severe ocular injuries. They con-
cluded that complete ophthalmic examination is essential

in all suspected cases of blow-out fractures.

Converse and colleagues (1967) were the first to describe
the term "impure" in contrast to "pure" blow-out fracture,
and reported the aetiological factors in 100 blow-out
fractures. Around the same time, Johes and-Evans, both
maxillofacial surgeons, used fresh cadavers to produce
experimental blow-out fractures in order to ascertain the
common site of fracture. The relative thickness of
different areas of the bony orbital floor and orbital
plate of the ethmoid was measured, and the relation of the
geometric orbital axis to the orbital walls investigated.
They found that in 79% of cases, the main site of the

fracture was situated in the thin posterior part of the
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orbital floor, medial to the inferior orbital fissure and

canal.

In 1970, Dodick and his fellow ophthalmologists, reported
two cases of concomitant blow-out fractures of the orbital
floor and rupture of the globe, and questioned the
hydraulic concept as a cause of such injuries. They
suggested, therefore, a buckling mechanism as the major
cause of blow-out fractures. This view was supported by
Fujino (1974) whose experiment on a dried human skull
without orbital contents produced a blow-out fracture of
the orbital floor suggesting a direct compression force or
buckling force as the causative factor. Fujino and Makino
(1980) further emphasized this opinion in their report of
the results of clinical analysis of 101 cases of pure
blow-out fractures of the orbital floor in which they
argued that the buckling force was the primary causative
factor in the production of such fractures. However, this
view was not shared by Raflo (1984) who suggested that
both factors might be involved in the production of such
orbital fractures, nor by Converse (1977) who believed
that the ©buckling force alone cannot explain the
entrapment mechanism of the orbital contents, unless the

primary causative factor was increased hydraulic pressure.
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Blow-out Fracture of the Medial Orbital Wall

These fractures are reported to accompany orbital floor
blow-out fractures in between 21% (Dulley & Fells, 1974)
and 70% (Jones & Evans, 1967; Pearl & Vistnes, 1978) of
cases. It is important to recognise this condition because
of the potential sequelae 6f enophthalmos or, more rarely,
entrapment, resulting in restriction of lateral gaze, for
which the results of late surgery are poor. However,
entrapment of orbital tissue in a medial wall fracture is
rare (Davidson et al, 1975). Medial orbital wall fracture
with entrapment may occur as a single entity or, more
commonly, is concomitant with an orbital floor fracture

(Pearl and Vistnes, 1978).

Miller and Glaser (1966) were the first to present a case
of traumatic medial wall fracture of the orbit with
incarceration of orbital contents leading to retraction of
the globe and narrowing of the palpebral fissure on
attempted abduction. In 1968, Edwards and Ridley also
described a case in which blunt trauma to the orbit was
followed by entrapment of the medial rectus muscle with
resulting diplopia and impairment of ocular motility.
They highlighted the value of the forced duction test in
the diagnosis of such disorders. This view was supported
by other authors including Thering and Bogart (1979) who

reported a case of fracture of the medial orbital wall in
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association with a large fracture of the orbital floor
with entrapment of the medial rectus muscle and 6th nerve
palsy for which the diagnosis was made primarily by the
forced duction test. Rumlet and Ernest (1972) reported a
similar case of muscle entrapment and so did Tokel and
Potter (1969), Fischbein and Leski (1969), Magnus et al
(1971) and Davidson et .al (1975) who reported two
additional cases and emphasized the role of hypocycloidal
tomography in the diagnosis of medial rectus entrapment in

a medial orbital wall.

In an experimental study on fresh cadavers, Pearl and
Vistnes (1978) found isolated medial wall blow-out
fractures in 4 cases out of 13 cases (31%) studied. The
rest were associated with orbital floor fractures., All
medial wall fractures were 1located in the ethmoid bone
midway between the medial canthus and the lesser wing of
the sphenoid bone. They concluded that the discrepancy
between the high frequency of occurrence of medial wall
fractures in their study and the rarity of clinical
diagnosis derived from the 1limitations of standard
radiography and advocated the use of computed tomography
(CT scan) to delineate these fractures. This view was
further emphasized and supported by Risco and colleagues
who, in 1984, reported a case of prolapse of the globe
into the ethmoid sinus which was diagnosed by CT scan, and

by Rauch (1985) whose diagnosis of two cases of a blow-out
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fracture of the medial orbital wall with concomitant soft
tissue entrapment was confirmed by forced duction and

computed tomography.
Blow-out Fracture of the Orbital Roof

Blow=-out fracture of the orbital roof is increasingly
being recognised as a complication of orbital trauma
(Bleeker et al, 1975). However, it may be missed on skull
radiographs (Gould & Titus, 1966). Computerised tomography
(CT) can be employed effectively to demonstrate such
injuries and its increased usage in craniofacial trauma
may be responsible for the increased reporting of such
orbital fractures (Wesley & McCord, 1982). Blow=-in
fracture of the orbital roof is extremely rare. There is
only one reported case of such a fracture of the orbital
roof which was caused by a horizontal shear strain to the

skull (Ssato et al, 1978).

Smith and Blount (1971) were the first to report a case of
a blow-out fracture of the orbital roof in a 3-year-old
child who presented with pulsating exophthalmos due to the
communication between the subarachnoid space and the

posterior orbit.

Interdisciplinary collaboration may have 1led to the

recognition of more cases of orbital roof fracture, by
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raising the index of suspicion, than would have been
otherwise., Bleeker and co-workers (1975) working in
collaboration with neurosurgeons reported a series of 8
cases presenting in one year and so did Flanagan et al
(1980) and McLachlan et al (1982) who reported 4 cases and

9 cases respectively in a similar cooperative studies.

Soft tissue entrapment in an orbital roof fracture is very
rare. McClurg and Swanson (1976) described a case in
which a fracture of the roof of the orbit, involving the
anterior cranial fossa, has led to entrapment of soft
tissue with diplopia, whilst Curtin and associates (1982)
reported two additional cases of isolated pure blow-out
fracture of the orbital roof, both with intra-orbital
emphysema and small herniation of soft tissue in the
frontal sinus. Only one case of true muscle involvement
has been reported in which the superior oblique muscle
tendon was entrapped in an orbital roof fracture leading
to an acquired traumatic Brown's syndrome which was
clinically manifested by impairment of elevation in
adduction of the eye and radiologically proven by CT scan

(Al-Qurainy et al, 1988).
1.6.2 Ocular Trauma in Relation to Facial Trauma

By the early seventies, a growing interest started

developing in ocular and other associated complications of
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facial trauma. Fradkin (1971) reported 53 patients with
blow-out fractures of the orbital floor, 40% of whom
suffered severe ocular injuries., In a similar population
of study, Kreiger (1971) detected an equal rate of asso-
ciated ocular injuries in 10 patients whilst Smith and
associates (1971) observed that 25% of their maxillofacial
fracture patients sustained various degrees of damage to
the CNS and cranial nerves II, III, IV, VI and VII. A
retrospective review by Crumley and Leibsohn (1976) of 324
patients with 363 orbital floor fractures in isolation
(38) or with associated midfacial fractures, showed that,
on initial examination, 30% of all patients were found to
have diplopia and 4% enophthalmos rising to 11% after five
months., Thirty-seven percent of patients had demonstrable
ocular injury at the time of initial examination ranging
from simple subconjunctival haemorrhage to retinal detach-
ment and rupture of the globe. Other serious, though rare,
ocular injuries, have also been reported. Mandelcorn and
Hill (1973) reported a case in whom a dynamite blast
produced blow-out fractures of both orbits leading to the
herniatin of one eye into the maxillary antrum and loss of
vision. Two other incidents of herniation of a globe have
been followed by successful repositioning of the eye with

recovery of vision (Berkowitz et al, 1981).
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1.6.3 Motility Disorder in Relation to Facial Trauma

Restricted extraocular motility and diplopia after blow-
out fractures have been attributed to a variety of causes.
Helveston (1977) believed that they were due to soft
tissue oedema or haemorrhage or from damage to the nerve
supply to the muscles rather than muscle entrapment. This
view, however, is not shared by the majority of authors
(wWwaddell, 1982; Koutroupas and Meyerhoff, 1982; Friedburg,
1980; silva, 1973; Piddle, 1968) who are of the opinion
that muscle entrapment was a likely factor in displaced
fractures and that orbital floor exploration is a safe and
effective means of reducing the complications associated

with such fractures.
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2.

AIMS OF STUDY

Ocular and motility disorders are common following blunt

midfacial trauma. However, review of previous work in

this area has highlighted the paucity of clinical studies

which relate the mode and characteristics of facial trauma

to the underlying ophthalmic pathology.

The aims of this prospective study are as follows:

To categorise the facial injuries sustained by a
cohort of patients according to aetiology, fracture

type and therapeutic strategy required.

To determine the incidence and type of ophthalmic

injury which accompany midfacial fractures.

To relate the data obtained and thereby to determine
the risk factors which predispose to sight threaten-

ing eye injuries.

To design a scoring system in which the data elicited
by the maxillofacial surgeon can be employed to
ascertain which patients are at risk of eye injury

warranting ophthalmic referral.
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To evaluate the scoring system by asking the maxillo-
facial surgeons to apply it to a new cohort of
patients all of whom are examined by an ophthalmolo-

gist.
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3. PATIENTS AND METHODS
3.1 PATIENTS

The Oral and Maxillofacial Surgery Unit at Canniesburn
Hospital, Glasgow is a regional centre. It undertakes the
care and treatment of maxiilofacial patients for about one
third of the west of Scotland which has a total population
of three and a half million people. The unit is also
involved in the treatment of craniofacial fractures in the
Regional Neurosurgical Unit at Southern General Hospital,
Glasgow, but these patients (42 per annum on average) were
included in the study only if they have been transferred
to or followed up in Canniesburn Hospital. (This may have

biased the sample towards less severe injuries).

A total of 363 patients who had sustained midfacial and/or
frontal trauma resulting in fracture between 1lst April,
1985 and 31st March, 1987 were admitted to this study. All
patients with persistent pathology were followed up for at
least one year. Patients with simple nasal or pure man-
dibular fractures without involvement of the zygomatico-
orbital region were not included in this study since they
were unlikely to have been complicated by ophthalmic

injury (Holt et al, 1983).
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Patients who had sustained major trauma were evaluated
within 48 hours following injury, and those in whom there
was no manifest ocular disorder (as judged by the attend-
ing maxillofacial surgeon) were evaluated at the ensuing

weekly ophthalmic clinic.

Every effort was made to énsure the referral to the eye
clinic of all patients of +the above description
irrespective of whether or not they had presented with
manifest eye injury. The project was discussed with the
senior and junior members of the staff at the maxillo-
facial unit stressing the importance of referral of such
patients. Further discussion took place each time the
medical staff rota changed. We also ensured that we
attended the morning round with the maxillofacial surgeons
on the day of the weekly ophthalmic clinic in order to

identify patients requiring referral.

3.2 METHODS

All data were collected according to a detailed protocol.
3.2.1 History

A full history of the incident, including time, cause,

related factors (such as influence of alcohol and the use

of seat belts) and whether there was ahy trauma to the
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eye, was taken. The influence of alcohol was assessed by
virtue of the amount of alcohol consumed as indicated by
the patient (more than 2 units during the hour preceding
the incident) or the patient's clinical status on first
examination. A detailed past ophthalmic history such as
errors of refraction, squint, amblyopia, eye surgery, and
previous eye injuries was obtained. The occurrence of
amnesia, its type and duration was recorded (Jennet &
Teasdale, 1981; Teasdale & Jennet, 1974). Subjective
symptoms of diplopia and their duration were noted as well
as pain on eye movement, its quality, severity, and

relation to direction of gaze.

3.2.2 Classification of PFacial Practure

Facial fractures were classified by the attending maxillo-
facial surgeon by clinical and radiological examination
into three groups: malar fractures according to Henderson
(1973, unpublished) (Table 1l.1; Fig 3.1-3.7), maxillary
fractures as described by Le Fort (1900) with further
extension as adapted by the maxillofacial wunit (Table
1.2), and naso-orbito-ethmoidal fracture (Stranc, 1970%;
Converse & Smith, 1963). Due to strict regional policy
limiting the number of referrals, it was not always
possible to perform an ultrasound or CT scan examination.
However, CT scanning was performed on all patients with

clinical evidence of a blow-out fracture of the orbit but
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