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57.1 Introduction

Orbital fractures are unique among cranio-maxillofacial
(CMF) fractures. They have functional, cosmetic, and psy-
chological implications. Most importantly they are among
the few true emergencies in the realm of CMF trauma.
Management of orbital fractures poses a challenge to every
surgeon because of its complex anatomy, relationship to vital
structures such as the globe and the brain, and its direct influ-
ence on the most precious of senses, Vision.

The orbit is a small bony cone filled with numerous vital
and delicate structures, which require absolute precaution
while handling and immense precision in its reconstruction.
The principles of managing orbital trauma differ signifi-
cantly from rest of the CMF fractures, which mandate a thor-
ough understanding of its morphology and biodynamics.
Choosing the appropriate indication for intervention and
management protocol is critical in achieving the desired sur-
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gical outcome. This chapter aims to answer the questions of
the When, Why, and How of managing orbital trauma.

57.2 Surgical Anatomy of the Orbit

The orbits are bilateral bony cavities which house the globes.
Each orbit is made up of seven bones: the maxilla, frontal
bone, zygomatic, sphenoid, ethmoid, lacrimal, and the pala-
tine bones (Fig. 57.1). The orbital cavity is a pyramidal struc-
ture with a quadrilateral base anteriorly, forming the orbital
aperture, and the apex posteriorly which ends at the optic
foramen. The apex is superomedially placed, while the base
is directed anterior and lateral. The orbit encases two fis-
sures: (1) the inferior orbital fissure also called the sphenozy-
gomatic fissure and (2) the superior orbital fissure otherwise
called as the inter-sphenoidal fissure (Fig. 57.2). The major
structures within the orbit are provided in Box 57.1.
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Fig.57.2 Structures passing LPS
through the superior and
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Box 57.1 The Major Structures that Occupy the Orbit

e Eye/globe

* Orbital fat

e Extraocular muscles

e Ciliary parasympathetic ganglion
* Nasolacrimal apparatus

* Optic nerve

e Oculomotor

e Trochlear

* Abducent nerves

e VI and V2 of trigeminal nerve
* Ophthalmic vessels

The orbits have an average height of 35 mm and a medio-
lateral width of 40 mm [1-3]. The intra-orbital volume of an
adult is approximately 30 cc, while the volume of the globe
is 7 cc [4]. Generally, the orbital and globe volumes are bilat-
erally symmetrical at any stage of growth. The medial walls
are parallel to each other and around 45-50 mm in length,
while the lateral walls are around 90° to each other and
40-45 mm long (Fig. 57.3).

The orbital skeleton may essentially be divided into walls
and rims. These include the orbital roof, floor, and medial
and lateral walls. The rims include the inferior, superior,
medial, and lateral orbital rims. A brief description of the
structure of the orbital cavity is provided below.

57.2.1 Orbital Walls

The roof (Fig. 57.4a) is formed by a concave broad plate of the
frontal bone which delineates the orbital contents from the cra-
nial cavity. The posterior portion of the roof has a small contribu-
tion from the lesser wing of the sphenoid. The anterolateral
portion has a shallow depression called the lacrimal fossa, while
5 mm behind the medial aspect of the supraorbital rim is the
trochlear fossa which has the cartilaginous pulley of the superior
oblique muscle. The roof is triangular in shape and ends in optic
foramen, which is the entry of the optic nerve into the orbit.

In older patients there may be spots of resorption in the
orbital roof which may cause the dura to adhere to the peri-
orbita of the roof. The junction of the medial wall and the
roof has a suture line which lies in close proximity to the
cribriform of the ethmoid and is prone for fragmentation.
This may be a major concern for CSF leak into the orbits or
the nose or at times both.
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Fig. 57.3 Diagrammatic representation of the various measurements
of the orbit and the globe

The roof is separated from the lateral orbital wall by the
superior orbital fissure which serves as a passage of entry for
the cranial nerves I11, IV, V1, and VI into the orbit. The other
structure coursing through the fissure is the ophthalmic vein.
On the anterior aspect of the roof, at the junction between the
medial 1/3rd and the lateral 2/3rd of the supraorbital rim is
the supraorbital foramen which transmits the supraorbital
neurovascular bundle [1-3, 5].

The medial wall (Fig. 57.4c) is quadrangular in shape and
is constituted by the ethmoid bone in the center. The antero-
superior aspect is formed by the frontal bone, while the antero-
inferior part is formed by the lacrimal bone. The sphenoid
bone forms the posterior part of the medial wall. The infra-
orbital rim continues along the anterior aspect of the medial
wall forming the anterior lacrimal crest which is a part of the
frontal process of the maxilla, while the superomedial aspect
of the supraorbital rim continues inferiorly as the posterior lac-
rimal crest which is formed by the lacrimal bone. Between
these crests lie the fossa which houses the lacrimal sac. This is
of importance during access planning for surgery of the medial
wall and the anteromedial aspect of the infra-orbital rim.

The anterior and posterior ethmoidal foramen are located
along the fronto-ethmoidal suture which signifies the height
of the cribriform plate. The anterior ethmoidal foramen
which transmits the anterior ethmoidal artery and nerve lies
approximately 22-25 mm behind the medial orbital rim
while the posterior ethmoidal foramen which transmits the
posterior ethmoidal artery and the spheno-ethmoidal nerve is
present about 12 mm posterior [6]. The optic foramen is in
continuation of the medial wall and is approximately placed
45-50 mm behind the medial rim. The safe distances the sur-
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Fig.57.4 (a) Roof, (b) lateral wall, and (¢) medial wall of the orbit

geon needs to remember are 24 mm for the anterior eth-
moidal artery, with an additional 12 mm for the posterior
ethmoidal vessel and a further 6 mm as the limit to stay away
from the optic foramen making it 24-12-6, an easy formula
to remember. One important structure which may be involved
in medial wall trauma is the medial rectus muscle which can
get entrapped causing ocular motility disturbances.

Frontosphenoid i |

suture

Frontal bone

Sphenoid bong —FH___|
(greater wing)

Zygomatic bone —— |

The lateral wall (Fig. 57.4b) is the thickest wall and is
made primarily by the orbital surface of the zygomatic bone
and the greater wing of the sphenoid. A small bony projec-
tion seen on the lateral wall is the Whitnall’s tubercle which
lies 11 mm below the fronto-zygomatic suture and 4 mm
behind the rim (Fig. 57.7).
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This tubercle forms the attachment of the 4L’s:

1. The suspensory ligament of Lockwood

2. The lateral horn of the levator aponeurosis
3. The ligaments of the lateral rectus muscle
4. The lateral palpebral ligament

A small groove may be seen at the anterior end of the
inferior orbital fissure which transmits the zygomatico-facial
and zygomatico-temporal vessels. These course through the
zygoma and exit through independent foramina to supply the
face and the temporal regions.

The floor (Fig. 57.5a, b) follows a gentle slope from its
medial to lateral side. The highest point lies in the postero-
medial aspect of the floor forming a bulge called the
“Hammer’s key area” [7] (Fig. 57.5a), which influences the
position of the globe in the anteroposterior axis. In the sagit-
tal view, the floor follows a “lazy S” shape with the anterior
part concave and the posterior convex. The reconstruction of
this convexity is important to maintain the anterior position
of the globe (Fig. 57.5b). The floor is separated from the lat-
eral wall by the inferior orbital fissure. The fissure communi-
cates with the pterygopalatine fossa extra-orbitally. The
maxillary division of the V nerve and its branches, the infra-
orbital artery, and branches of the sphenopalatine ganglion
are transmitted through the posteromedial aspect of the fis-
sure, while the inferior ophthalmic veins pass through the
lateral aspect to communicate with the pterygoid plexus. The
floor is formed by the zygomatic bone and the maxilla with a
small contribution from the orbital process of the palatine
bone in the posteromedial aspect. A rough area at the antero-
medial angle of the floor behind the infra orbital rim forms
the attachment of the inferior oblique muscle. The infra-
orbital groove originates from the inferior orbital fissure and
transmits the infra-orbital neurovascular bundle.

Orbital Rims:

The rims are superior, inferior, medial, and lateral. Three
major bones—the maxilla, zygomatic bone, and frontal
bone—make up the rims of the orbit. The width of the rims
is greater than its height making it into a rectangular form.
The presence of the maxillary sinus and the insertion of the
inferior oblique muscle make the infra-orbital rim more
prone for fracture and comminution.

57.2.2 Muscles of the Orbit (Fig. 57.6a)

Muscles in relation to the orbit can be divided into

e the muscles associated with the lids
¢ and the muscles associated with the globe.
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Fig. 57.5 The orbital floor in (a) frontal view demonstrating the (A)
orbital process of palatine bone and (B) “Hammer’s key area.” (b)
Sagittal view of the floor with the “lazy S” form

The muscles of the lid are:

1. The orbicularis oculi which has a palpebral portion (upper
and lower eyelids), the intervening orbital septum, and
the inner layer connecting the tarsus

2. The levator palpebrae superioris which is the elevator of
the upper eyelid
The levator palpebrae superioris along with the four recti,
and the two obliques form the seven extraocular muscles
of the human eye.
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Fig.57.6 Diagram of right eye demonstrating (a) the extraocular mus-
cles and (b) the movements they cause. (¢) The fascial sheath. (SR -
Superior Rectus, /R - Inferior Rectus, MR - Medial Rectus, LR - Lateral

The origin of the superior rectus is from the common ten-
dinous ring superolateral to the optic canal, and its insertion
is into the upper part of the sclera. Its function is to produce
elevation of the eye and to move the cornea upward and
medially helping in adduction and medial rotation.

The origin of the medial rectus is from the medial aspect
of the tendinous ring and inserts into the medial surface of
the sclera. The medial rectus helps in moving the eye medi-
ally (adduction), and bilateral action of the medial rectus
helps in medial convergence of both the corneas. A suspen-
sory attachment to the lacrimal crest is also seen on the
medial orbital wall where it blends with the medial canthus
and the check ligament (Fig. 57.6¢) [2, 3, 6, 8]. The origin
of the lateral rectus is from the lateral part of the common
tendinous ring, and it inserts into the lateral surface of the
sclera. Its primary function is to move the eye laterally
(abduction).The inferior rectus arises from the common ten-
dinous ring, below the optic canal, and inserts into sclera
below the cornea. It is responsible for depression and lateral
rotation of the eye.

The inferior rectus followed by the medial rectus are the most
common muscles to be entrapped secondary to orbital trauma
and may need to be explored and released surgically as indicated.
Delayed release of the recti may cause significant necrosis and
fibrosis of the muscles hampering return to normal function.

The superior oblique arises superomedial to the optic
canal. It has a pulley action at the trochlea on the anterome-
dial aspect of the orbital roof and inserts into the sclera
behind the equator of the globe. The contraction of the mus-
cle produces depression of the cornea and movement of the
eye laterally with medial rotation (intorsion).

The inferior oblique muscle arises from the orbital sur-
face of the maxilla lateral to the nasolacrimal groove and
inserts into the lateral part of the sclera behind the equator
between the inferior and lateral recti muscle. It produces

Superior c

' 4

Elevatio
n

CL{LR)}

Rectus, SO - Superior Oblique, /O - Inferior Oblique, CL(MR) - Check
Ligament of Medial Rectus, CL(LR) - Check Ligament of Lateral
Rectus, SL - Suspensory Ligament

elevation of the cornea and helps in moving the eye laterally
with lateral rotation (extorsion).

57.2.3 Movements of the Eye and Their
Innervation

Box 57.2 The Movements of the Eye

* Elevation

e Depression

e Adduction

e Abduction

e Intorsion

» Extorsion (Fig. 57.6b)

The different movements of the eye are enumerated in Box
57.2. These are facilitated by the extraocular muscles
described above and are contained by the check ligaments.
The inferior oblique and inferior rectus muscles which
course the floor of the orbit serve as the inferior check liga-
ments. The fascia of the levator palpebrae superioris, which
is anchored to the Whitnall’s tubercle laterally and the troch-
lea medially, acts as the superior check ligament [8].

The contraction of the orbicularis oculi innervated by the
facial nerve dictates the closure of the upper eyelid. The move-
ments of the globe within the orbit are however dictated by the
synchronous movements of the extraocular muscles of the orbit.
The oculomotor nerve innervates all the extraocular muscles
other than the lateral rectus which is supplied by the abducent
nerve and the superior oblique supplied by the trochlear nerve.
Reflex closure of the eyelids occurs via the sympathetic pathways
traveling to the smooth muscles of the upper and lower eyelids.
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Fig.57.7 The tarsal apparatus and the orbital septum

57.2.4 Orbital Septum and Tarsal Plates
(Fig.57.7)

The supporting framework for the eyelid is formed by a
dense fibrous tissue called the orbital septum which con-
denses at the lids as the tarsal plates. The orbital septum
which separates the orbital and lid contents attaches to the
bone and becomes the periorbita inside the orbit and perios-
teum outside the orbit. The septum of the lower eyelid
attaches to the orbital rims, while the septum of the upper
eyelid is attached intra-orbitally behind the equator of the
globe. The tarsal plates add rigidity to the lids and also serve
attachments of multiple muscles and membranes [1, 3].

57.2.5 Conjunctiva

The conjunctiva is the transparent mucous membrane that
covers the front surface of the globe and the inner surface of
the eyelids.

This has two segments:

1. The bulbar conjunctiva that covers the anterior part of the
sclera (the “white” of the eye)

Whitnal’'s ligament

Levator palpebrae (superioris muscle)
Levator aponeurosis
Upper tarsal plate

Medial canthal tendon

2. The palpebral conjunctiva otherwise known as tarsal con-
junctiva which covers the inner aspect of the eyelids

57.2.6 Fascial Sheath of the Eyeball (Fig. 57.6¢)

The fascial sheath of the eyeball is called the Tenon’s cap-
sule [8]. It extends from the optic foramen to the sclerocor-
neal junction enveloping the eyeball on the inferior aspect.
It attaches to the sclera on the anterior and posterior sur-
faces of the eyeball and becomes continuous with the fas-
cia of the muscles posteriorly and around the inferior
oblique muscle. The fascial sheath of all muscles blend
together and form a continuous fascial band called the sus-
pensory ligament of the eye that provides support for the
eyeball [8, 9].

57.2.7 Orbital Fat

The orbital fat is present both intra- and extra-conally. They
cushion the globe and muscles of the orbit. The extra-conal
fat determines and influences the position of the globe. This
may be altered either due to herniation or atrophy secondary
to fractures of the orbit resulting in enophthalmos.
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57.3 Classification System

Manson [10] and colleagues classified the fractures based on

the energy of impact, the degree, and extent of comminution

and displacement observed on CT:

(a) Trap door fractures—Ilow-velocity injuries

(b) Medial blowout fractures—intermediate-velocity

injuries

(c) Lateral blowout fractures—high-velocity fractures
Converse and Smith [11] termed them “pure” or

“impure” based on the involvement of orbital rims

(Fig. 57.8):

(a) Pure (blow-in or blowout fractures)—fracture of the
internal walls with intact rims

(b) Impure (complex with involvement of one or more
rims)—associated fractures of the rims

Hammer [7] described four classes of orbital fractures
based on their occurrence with other fractures of the face
(Fig. 57.9):
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(a) Type I: Orbito-zygomatic fractures—These involve the
fractures of the walls of the orbit along with the zygo-
matic complex.

(b) Type II: Internal orbital fractures—These involve iso-
lated fractures of any of the walls, roof, and floor.

(c) Type III: Naso-orbito-ethmoid-type fractures—These
involve fractures of the naso-orbito-ethmoid complex
which involve the orbit.

(d) Type 1V: Complex fractures of the face—This type
involve fractures of the orbit with concomitant fractures
of the face other than the ones mentioned above [7].

57.4 Blowout and Blow-In Fractures

Smith and Converse in 1960 recognized the phenomenon of
blowout fractures (Fig. 57.10a). These fractures may involve
entrapment or herniation of periorbital tissues resulting in
restricted eye movements and/or enophthalmos due to
reduction in the volume of intra-orbital contents [3, 11].

wyw

Fig.57.8 CT scans showing Pure (a and ¢) and impure (b and d) blowout fractures of the orbit
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“Blow-in” type of orbital fractures was described by (Fig. 57.10b). Such types of fractures are usually accompa-
Dingman and Natvig [3, 12] in 1964 wherein the intra-orbital nied with proptosis on the affected side [13].
space is reduced by an internally displaced bony fragment
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Fig.57.9 CT scan images showing types of orbital fractures: (a) orbito-zygomatic, (b) internal orbital, (¢) naso-orbito-ethmoid type, and (d) orbit
with complex facial fractures

Fig.57.10 CT scans
demonstrating a blowout of
the medial orbital wall and
floor (a) and a blow-in
fracture of the orbital roof (b)

©Association of Oral and Maxillofacial Surgeons of India



1210

A.Parameswaran et al.

57.5 Biomechanics of Injury

One of the first mechanisms of orbital wall fractures was
suggested by Pfeiffer [14] in 1943, called globe-to-wall
theory or hydraulic theory (Fig. 57.11a), wherein poste-
rior displacement of the globe after sustaining a direct hit

Buckling
©Association of Oral and Maxillofacial Surgeons of India

was propounded to transmit force along the walls result-
ing in fracture of the thinner walls. There are two more
widely accepted mechanisms of orbital wall fractures,
namely, the:

(1) Retropulsion theory (Fig. 57.11b)
(ii) Buckling mechanism [15] (Fig. 57.11c)

Retropulsion

Fig.57.11 Diagrammatic representation of (a) hydraulic theory, (b) retropulsion theory, and (¢) buckling mechanism
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First proposed by King [16] in 1944, retropulsion theory
suggests that sudden increase in intra-orbital pressure caused
by direct hit from a large object creates stresses along the
orbital walls resulting in fractures at the areas of least thick-
ness. The buckling theory or transmission theory explains
the injury through a ripple effect created in the floor. The
ripple thus created causes compression in an anteroposterior
direction and resultant fracture at the posteromedial part of
the orbital floor commonly [17, 18].

57.6 Initial Assessment

After initial stabilization of the patient, a thorough facial
examination is performed in a way similar to any facial frac-
ture. Special consideration is given to a detailed ophthalmic
evaluation followed by eliciting signs and symptoms signifi-
cant for periorbital trauma which are discussed below. The
frontal area and supraorbital rim are examined first, with a
logical progression downward, including the lateral and
infra-orbital rims, although extensive edema in this area may
obscure any steps making the palpatory examination difficult
[3,7,19-22].

57.6.1 Ophthalmologic Examination

The American Association of Ophthalmology [23] advocates

an 8-point ophthalmological examination which includes the

following (Box 57.3):

1. Visual acuity: Visual acuity test for each eye is recorded
using a Snellen chart (Fig. 57.12a) and includes ability to
read letters, count fingers, perceive hand movements, and

b
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light perception. If visual acuity is extremely poor and
recording of a chart test fails, the patient is subjected to a
finger counting test or at times even assessed for primary
light perception alone.

2. Pupillary examination: Pupillary examination is done to
note the
(a) size,

(b) shape,

(c) symmetry,

(d) and direct/indirect reflex to light.

Glaucoma, previous history of surgery, and/or injury to
ocular system may also account for anisocoria or irregu-
lar pupils. Peaked or irregular pupils may also be indica-
tive of perforation of the globe. The swinging flashlight
test is performed for relative afferent pupillary defect
(RAPD) (Fig. 57.12b).

3. Extraocular motility and alignment: The patient is first
screened for all the six cardinal gazes (Fig. 57.12c). First
checked binocularly for versions of both sides and then
checked monocular for ductions. A thorough heterotropia
check is also performed. Diplopia and restrictions in
gazes are noted. Clinically, a forced duction test under
topical anesthesia is done to elicit mechanical impedi-
ment to movement of the globe. This may also be per-
formed under general anesthesia intraoperatively
(Figs. 56.21,57.13). A Hess chart examination is a part of
the orthoptic assessment protocol for evaluation of ocular
motility.

4. Intraocular pressure: Tonometry should be performed to
evaluate intraocular pressure either in a clinic setting
using a Goldmann applanation method or outside using
a mobile/portable device. This examination is skipped if
there is a suspicion of ruptured globe. The normal IOC

c s

Inferior
Oblique

Superior
Rectus

Left Eye

Medial
Rectus

¥ Lateral
Rectus

Inferior
Rectus

Superior
oblique b

Fig.57.12 Picture showing (a) the Snellen chart, (b) swinging flash light test, and (c) the six cardinal signs of gazes
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Fig.57.13 Demonstration of the method of performing intraoperative
forced duction test (a) by grasping the limbus (sclero-corneal junction)
and (b) by grasping the inferior rectus muslce

is a range between 10 and 21 mmHg with the mean
being around 15 mmHg. Low IOP may be suggestive of
aruptured globe or detached retina, while increased IOP
may indicate hyphema, glaucoma, or an orbital com-
partment syndrome like “retrobulbar hemorrhage.” A
pressure of more than 30 mmHg is an ophthalmological
emergency.

5. Visual fields: Visual fields for each eye are checked by
asking the patient to determine movements at the periph-
ery of the examiner’s own visual field, while at a distance
of about 2 ft from each other. Loss of field may be sug-
gestive of compressive or ischemic injuries to the optic
nerve with or without damage to the visual pathway.
Goldmann visual field test can also be employed to objec-
tively chart binocular visual field loss wherein patient is
asked to look at a center of the chart and is required to
track a point source of light.

. External examination/periorbital screening: A thorough

clinical evaluation is performed to note down all clinical
features detailed below. Orbital trauma is generally
associated with possible adnexal injuries which also need
to be assessed for intervention and management.

. Slit-lamp examination: A formal slit lamp test is per-

formed if it may be allowed. This provides information
about the lids, lashes, lacrimal system, conjunctiva,
sclera, anterior chamber, iris, the lens, and the anterior
vitreous.

. Fundoscopic examination: A fundoscopic examination is

performed to assess the retina, optic nerve head, and the
vessels. This is done by the use of an ophthalmoscope. It
also provides information about presence of intraocular
hemorrhages and foreign bodies.

. Globe position: An important feature in examination of

orbital trauma from a cranio-maxillofacial perspective
includes the examination of globe positions. This is per-
formed both clinically and by using an exophthalmome-
ter. The Hertel’s exophthalmometer is used in common
settings for the evaluation of proptosis or enophthalmos.
In case of injuries involving the lateral face, like a frac-
ture of the ZMC, the Naugle’s exophthalmometer is used.

Box 57.3 “8-Point” Ophthalmic Examination Advocated
by the American Association of Ophthalmology [23]

Visual acuity and visual fields

Pupillary examination

Extraocular motility and alignment
Intraocular pressure

External examination/periorbital screening
Slit-lamp examination

Fundoscopic examination

Globe position

ol Bl F B e R I

57.6.2 Clinical Features

A good evaluation of the skeletal and soft tissue components of
the orbit as well its associated adnexa (eyelids, lacrimal appara-
tus, etc.) is mandated. The common clinical features that are
presented with in orbital trauma are provided in Box 57.4.
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Box 57.4 Common Clinical Features in Orbital Trauma Are Enumerated Below

e Periorbital edema (Fig. 57.14a)
e Periorbital ecchymosis and subconjunctival hemorrhage (Fig. 57.14b)
* Contusions and hematomas

e Subcutaneous emphysema with crepitus

» Lacerations involving the eyelids (Fig. 57.14c)
 Injuries to the canthal apparatus (medial and lateral)
* Neurological deficits of the infra-orbital and facial nerves
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Fig.57.14 Clinical pictures demonstrating (a) edema of the left periorbital region, (b) left-sided periorbital ecchymosis and subconjunctival
hemorrhage, and (c) soft tissue injury of the left eyelid and supraorbital region

Clinical signs and symptoms that are more exclusive to
orbital trauma are discussed further in more detail.
57.6.2.1 Enophthalmos/Hypophthalmos
(Fig. 57.15a, b)
Any change in the orbital volume directly impacts the posi-
tion of the globe and its anteroposterior projection and
supero-inferior position [24]. Clinically enophthalmos can be
detected by an exaggerated suprapalpebral fold and reduced
projection on viewing from an inferior view or worm’s view.
Hertel’s or Naugle’s exophthalmometer can also be used to
quantify and measure the discrepancy. Other causes of enoph-
thalmos implicated are traumatic atrophy of intra-orbital fat,
infections causing cicatricial contraction of retrobulbar tis-
sues, and dislocation of trochlear attachment of superior
oblique muscle due to trauma [25, 26]. Hypophthalmos is
noted as a change in the horizontal pupillary levels.

57.6.2.2 Retrobulbar Hemorrhage (Fig. 57.16)
Retrobulbar hemorrhage is a vision threatening emergency
which occurs due to accumulation of blood in the retrobulbar

space. This causes increased intra-orbital pressure resulting
in compression or stretching of the optic nerve and reduced
perfusion to the eye. Orbital trauma especially blunt injury
may be associated with retrobulbar hemorrhage which war-
rants immediate attention. However this may also occur as a
complication following surgery to the orbit or pathologies
like an aneurysm. Acute post-septal hemorrhage limited
anteriorly by the orbital septum and posteriorly by bone may
cause permanent loss of vision by creating a compartment
syndrome [27]. It presents as reduced ocular motility, ele-
vated intraocular pressure, proptosis, and diminishing vision.
In unconscious patients, pupillary assessment, increased
pressure, and presence of relative afferent pupillary defect or
RAPD are usually diagnostic.

57.6.2.3 Lacrimal System Injuries

Due to its close topographical location to the orbital com-
plex, nasolacrimal system especially the duct may be
involved in traumatic injuries to the orbit. Injury to the
canaliculi or the nasolacrimal ducts in naso-orbito-eth-
moidal injuries may present as epiphora [28]. Patency of
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Fig.57.15 Clinical photograph of a patient with both (a) hypophthalmos and (b) enophthalmos of the right globe
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Fig.57.16 (a) Axial, (b) coronal, and (c) sagittal section CT scan images demonstrating left-sided retrobulbar hemorrhage

the naso-lacrimal duct and sac can be verified by the Jones
tests 1 and 2 or by a simple lacrimal probing test with inser-
tion of a Crawford silicone intubation tubes though the
canaliculi and visualization of the same at the distal end of
the disruption. ROPLAS test or regurgitation on pressure
over lacrimal sac may be performed clinically to elicit post-
traumatic blockage of the nasolacrimal duct (Fig. 57.17c¢).
Confirmation however is obtained with a CT dacryocysto-
gram or CT-DCG (Fig. 57.17a, b). Reconstruction of the
lacrimal drainage system is achieved by simple intubations
or a formal dacryocystorhinostomy as indicated by the clin-
ical scenario.

57.6.2.4 Oculocardiac Reflex (Trigeminocardiac
Reflex)

First described by Dagnini and Aschner in 1908, oculocar-
diac reflex is bradycardia on manual compression of the
eyes. The most common traumatic etiology is the incarcera-
tion of inferior rectus muscle in trap-door fractures of the
orbital floor [29, 30]. Other causes that may present with
oculocardiac reflex are retrobulbar hemorrhage, white-eyed
blowout fractures and orbital surgery.

57.6.2.5 Superior Orbital Fissure Syndrome

(Box 57.5)
Post-traumatic superior orbital fissure syndrome may be
attributed to pressure exerted on the contents of the superior
orbital fissure due to hemorrhage or impingement by frac-
tured fragments.

Superior orbital fissure syndrome was first described
by Hirschfield in 1858 [31, 32] and symptoms include:

(i) Ophthalmoplegia due to involvement of III,
1V, and VI cranial nerves.

(i1) Paresthesia over the forehead due to involvement
frontal nerve of first division of trigeminal nerve.

(iii) Ptosis due to impeded action of levator palpe-
brae superioris and Muller’s muscle.

(iv) Pupillary dilatation due to paresis of circular
sphincter muscle and unrestricted action of
dilator pupillae.

(v) Impairment of direct pupillary reflex due to
blocked ipsilateral efferent arc, whereas con-
sensual reflex is preserved due to intact ipsilat-
eral efferent and contralateral efferent arcs.
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Fig.57.17 (a) Sagittal
section CT DCG
demonstrating patent NLD
with draining dye and (b)
blocked NLD with no
drainage of the dye. (¢)
Clinical photograph of patient
with left-sided NOE fracture
demonstrating regurgitation
of contents due to blocked left
naso-lacrimal duct ROPLAS
positive
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Fig.57.18 Clinical pictures and CT scans of patient with orbital apex
syndrome. (a) Clinical picture demonstrating left-sided orbito-zygo-
matic trauma with clinically evident ptosis, (b) 3D CT demonstrating
comminuted zygomatico-orbital fracture with medial displacement of
the greater wing of sphenoid, (c¢) clinical picture of patient 2 weeks
post-surgery with resolution of ptosis, (d) post-operative 3D CT show-

(vi) Impaired accommodation is because of
impaired parasympathetic pathway to the
ciliary ganglion.

Loss of corneal reflex due to lack of trans-
mission via the nasociliary branch of oph-
thalmic nerve.

Proptosis either due to presence of hemor-
rhage or paresis and laxity of extraocular mus-
cles which normally aid in globe retraction.

(vii)

(viii)

ing ORIF, (e) pre-operative axial CT demonstrating total compression
of the left optic canal (yellow arrow), (f) pre-operative coronal CT dem-
onstrating compression of the left superior orbital fissure (yellow
arrow), (g) post-operative CT showing decompressed left optic canal
(yellow arrow) and (h) post-operative coronal CT showing decompresi-
son of the left superior orbital fissure (yellow arrow)

Management may be conservative or exploratory surgery
of the orbit including surgical decompression [33].

57.6.2.6 Orbital Apex Syndrome (Fig. 57.18)

(Box 57.5)
In severe orbital trauma, optic nerve may also be implicated
due its close proximity to the superior orbital fissure [31,
34]. The term orbital apex syndrome was first coined by
Kjaer in 1945 [35], and the symptoms include all features
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Fig.57.19 (a, b) Axial CT
scan of patient with direct
traumatic optic neuropathy
demonstrating a skull base
fracture and bony spicule at
the entry of the optic nerve
into the canal
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of superior orbital fissure syndrome along with partial or
loss of vision.

57.6.2.7 Traumatic Optic Neuropathy (TON)
(Box 57.5)

TON may be defined as an acute injury to the optic nerve with

impairment of visual function. It may occur as a result of:

(i) Direct trauma to the optic nerve (Fig. 57.19) (physical
damage or nerve sheath compression due to compart-
ment syndromes)

(i1) An indirect insult due to diffuse axonal damage second-
ary to conduction of forces from blunt head trauma
The occurrence may be unilateral or bilateral.

Clinical features of TON include:

(i) Afferent pupillary defect

(ii) Diminished visual acuity

(iii)) Diminished color perception

(iv) Varying reduction in visual fields

Management of TON is handled under the section of
orbital emergencies.

57.6.3 Investigations

Conventional radiographs have a minimal role in the diag-
nosis and planning of orbital fractures. CT scans
(Fig. 57.20a—c) have long been considered the “gold stan-

Box 57.5 Comparison of Clinical Features of Traumatic
Optic Neuropathy, Superior Orbital Fissure, and Orbital
Apex Syndromes

Traumatic optic Superior orbital fissure Orbital apex

neuropathy (TON) syndrome syndrome
Unilateral or Ophthalmoplegia with ~ All features
bilateral involvement of cranial ~ of superior
nerves III, IV, & VI orbital fissure
syndrome

Partial or total
loss of vison

Relative afferent
pupillary defect
(RAPD) except in
symmetrical
bilateral cases
Variable loss of
visual acuity (from
normal to no vision)
Impaired color

Forehead paresthesia

Ptosis

Dilated pupil

vision

Variable visual field Impaired direct but

defects preserved consensual
pupillary reflex.
Impaired

accommodation
Loss of corneal reflex
Proptosis

dard” in orbital trauma. The scans are usually ordered in
fine cuts of 0.5 mm and taken in all the three planes. The
coronal and the sagittal scans are important in the diagnosis
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Fig. 57.20 CT scans showing (a) axial section with fracture of the medial wall of the right orbit, (b) coronal section showing fractures of the
medial wall and floor, and (c¢) sagittal section showing fracture of the floor with fibrosis of the inferior rectus to the posterior ledge (yellow arrow)

Fig.57.21 MRI (a) coronal
and (b) sagittal sections,
demonstrating entrapment of
the medial rectus (yellow
arrows) and medial
displacement of the optic
nerve (left orbit)

©Association of Oral and Maxillofacial Surgeons of India

of fractures of the floor and the roof, while the axial scans 57.7 Approaches to the Orbit
provide better information regarding the fractures of the
medial and lateral walls. Axial sections are also important
to study the optic canal integrity.

Indications for an MRI (Fig. 57.21a, b) scan are limited to
determining soft tissue injuries and entrapment of muscles
and to assessing damage to the optic nerve. It is also used to
identify intra-orbital herniation of brain in the case of blow- * Transconjunctival
in fractures.

Box 57.6 Surgical Approaches to the Orbit

¢ Transcutaneous-medial and lateral
e Trans-caruncular
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57.7.1 Transcutaneous Approaches

1. Lynch
2. Extended glabellar approach
(a). Lateral transcutaneous approaches
(i) Lateral brow incision
(ii)) The upper lid blepharoplasty and the sub
brow approaches
(b). Lower eyelid approaches (Also refer Figs. 56.44,
56.45)
(i) Sub-ciliary
(i1) Sub-tarsal
(ii1) Infra-orbital (Video 57.1)

a “/_ b

—
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57.7.1.1 Lynch

This incision described by Lynch [36] in 1921 is a
semilunar-shaped incision (Fig. 57.22a) placed between
the nasal dorsum and the medial canthal ligament that pro-
vides direct access to the canthal apparatus and the medial
orbital rim and wall. The major drawbacks of this particu-
lar incision are chances of developing a web and hence an
unsightly scar. There may also be risk of damage to the
medial canthal tendon and the lacrimal apparatus that is
present infero-laterally. Recent modifications of the Lynch
incision have accommodated options to reduce the scar-
ring by the use of “Z” plasties (Fig. 57.22b, c) and other
esthetic incision designs.

n/_ ‘ " .
A

Fig.57.22 Diagrammatic representation of the (a) classical Lynch incision and (b, ¢) modification with “Z” plasty
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Fig.57.23 Diagram and intraoperative picture showing extended glabellar approach to the medial orbit
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57.7.1.2 Extended Glabellar Approach
(Fig. 57.23)

The extended glabellar incision or a horizontal “Y” approach
involves a small Y-shaped incision with the fork extending
over the upper and lower lid crease with the long arm across
the nasal dorsum over the glabellar region. This approach
provides excellent access to the medial canthal tendon appa-
ratus and also provides enough room for medial orbital wall
exploration cephalad to the tendon.

Lacrimal Sac

Jones muscle

Horners muscle
Tarsus
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Pretarsal Orbicularis Oculi

57.7.2 Trans-caruncular Approach

The trans-caruncular route provides excellent exposure to the
medial orbit without causing any esthetic concern. The car-
uncle is a papular structure seen medial to the plica semiluna-
ris which is a fold of conjunctiva in medial canthal region. An
avascular plane is located deep to the caruncle between the
medial orbital septum and the Horner’s muscle which on dis-
section exposes the medial wall of the orbit (Fig. 57.24a) [37].

Fig.57.24 (a) Diagram and (b) intraoperative pictures showing marking for trans-caruncular approach to the medial orbit and (¢) exposure of the
medial orbital wall. (Courtesy: Dept of Orbit & Oculoplasty, Shankara Nethralaya, Chennai)
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After placing retraction sutures on upper and lower eye-
lids, gentle medial traction is applied over the skin of the
nasal dorsum, and incision is placed lateral to the caruncle,
while avoiding injury to the lacrimal puncta or canaliculi
(Fig. 57.24b). The length of the incision is between 1.5 and
2.5 cm. Dissection through the fibers of the Muller’s muscle
exposes the medial wall just posterior to the posterior lacri-
mal crest (Fig. 57.24c). For additional exposure of associated
orbital floor fractures, a C-shaped approach can be used
including a transconjunctival incision with or without lateral
canthotomy and inferior cantholysis in conjunction with the
trans-caruncular approach.

As the lateral transcutaneous and lower lid approaches
also find use in the management of fractures of the zygo-
matic complex fractures, they are discussed in detail in chap-
ter on zygomatic complex fractures.

57.7.3 Transconjunctival Approach (Fig. 57.25)

The infra-orbital rim and orbital floor defects can be accessed
through a transconjunctival incision (Video 57.2).
Its advantages include:
(i) Excellent cosmesis

(i) Minimal incidence of ectropion

(iii) Extensive access up to 270° including the floor and
medial and lateral walls, with the modifications to the
conventional approach

A’
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A historical perspective of the description of the transcon-
junctival approach and its evolution into the most favored
approach for access to the floor and medial wall of the orbit
along with the infra-orbital rim is provided in Box 57.7.

Box 57.7 Evolution and Modifications of the
Transconjunctival Approach

Author Year Description

Bourget J 1924 Conjunctival approach for
blepharoplasty

Tenzel & 1971 Post-septal approach

Miller

Tessier P 1973 Pre-septal approach

McCord & 1979 “Swinging eyelid” with lateral

Moses canthotomy

Garcia GH 1998 Trans-caruncular approach

Pre-septal Approach (Fig. 57.26)

The incision is marked 2—-3 mm posterior to the tarsal plate
along the mediolateral length of the lower palpebral conjunc-
tiva. Dissection is performed along the subconjunctival plane
and is carried down toward the inferior orbital rim. This
maintains the plane anterior to the orbital septum. Retraction
sutures may be placed on the vestibular portion of the con-
junctival flap with traction in superior direction, to provide
additional protection to the globe. On reaching the facial sur-
face of the infra-orbital rim, the periosteum is incised about

Fig. 57.25 (a) Diagram showing trans-conjunctival approach and its modifications - A. Transconjunctival, B. Trans-caruncular & C. Lateral
canthotomy. (b) Intra-operative picture of trans-conjunctival with the lateral canthotomy modification. The picture also shows an upper lid blepha-

roplasty incision used to access the fronto-zygomatic suture
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2 mm inferior to the rim. This is followed by subperiosteal
dissection and exploration of the orbital floor by retracting
the globe and orbital contents superiorly. Approximately
2-3 mm distance must be maintained from the lower end of
the tarsal plates while making the initial conjunctival inci-
sion failing which there is vertical shortening of the lower
eyelid and entropion post-operatively.

Preseptal incision

Retroseptal incision

Fig. 57.26 Diagrammatic representation of the pre-septal and retro-
septal modifications of the transconjunctival approach

Retroseptal Approach (Fig. 57.26)

In the retroseptal type, the conjunctival incision is made near
the fornix spanning mediolaterally just short of the caruncle.
Dissection is posterior to the orbital septum providing a fast
and direct access to the floor when compared to the pre-
septal type [38]. However, orbital fat is encountered before
approaching the orbital floor, which may prove bothersome
for dissection and manipulation. The periorbita is incised
immediately posterior to the rim after superior retraction of
the fat and globe with a malleable retractor. This is followed
by subperiosteal dissection and exploration of the floor
defect. Excessive manipulation of the orbital fat during
orbital reconstruction increases the risk of enophthalmos due
to fat disintegration [39, 40]. Placement of the incision too
low into the fornix may damage the inferior oblique muscle
and retractors of the lower eyelid, compromising esthetics
post-operatively due to lower lid entropion.

57.7.4 Trans-antral Endoscopic-Assisted
Approach (Fig. 57.27a, b)

The trans-antral approach was attempted by Converse and
Smith [41] as early as the 1960s. Entry to the antrum is
gained through a transoral Caldwell Luc procedure and a 0°
or 30° endoscope may be used to visualize the orbital floor.

57.7.5 Coronal Approach

The coronal approach offers the most extensive exposure of
the entire upper and middle third of the face including the
orbit. A detailed description of the same is provided in Chap.
85 on access osteotomies.

Blow out fracture

Fracture reduction

Infraorbital nerve

Fig.57.27 (a, b) Diagram of the trans-antral endoscopy assisted approach to the orbital floor
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57.8 ACClinical Sequence for Treatment
Planning and Management of Orbital
Fractures

A clear understanding of the various patterns of orbital frac-
tures and their clinical implications is absolutely necessary
to design and formulate a plan for their reconstruction. The
basic management guidelines for the common variations in
orbital fractures are detailed below (see Hammer [7] classifi-
cation, Fig. 57.9).

57.8.1 Type I (Orbito-Zygomatic)

Concomitant fractures of the zygomatic complex and the
orbit mandate ORIF of the zygomatic complex first, fol-
lowed by internal orbital reconstruction. This sequence is

Fig.57.28 3D CT scans of
patient with orbito-zygomatic
fracture. (a and b) Pre-
operative frontal and basal
views demonstrating the
fracture, (c and d) post-
operative frontal and basal
views demonstrating fixation
of fractures

favored because the orbital rims provide the most accurate
guidance for restoration of the internal orbital architecture.

Box 57.8 The Surgical Objectives for Type | Fractures

Restoration of transverse dimension of the face,
malar prominence, and the arch anatomy
Restoration of rim architecture

Correction of orbital dystopia

Correction of the axis of the palpebral fissure and
Reconstruction of the internal orbit

Figures 57.28a—d and 57.29a—d demonstrate a type I frac-
ture managed using the above principles.
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Fig.57.29 Axial and sagittal
scans of the patient in Fig
57.28, with orbito-zygomatic
fracture. (a and b) Sections
demonstrating fracture of the
left zygomatic complex with a
large defect of the orbital
floor. (¢ and d) Post-operative
sections revealing optimal
reduction of the fracture and
floor reconstruction with
anatomical orbital floor
implant

57.8.2 Type ll (Internal Orbital)

Management of type II orbital fractures, which are essen-
tially the internal fractures (both blow-in and blowout) of the
orbit including (1) the roof, (2) the floor, and (3) the medial
and (4) lateral walls are detailed below.

Box 57.9 The Management of All Internal Orbital
Fractures Can Be Handled Essentially by Answering the
Following Basic Questions (Clinical Tip)

(i) Is there a need for intervention?
(i1) When is the best time to intervene?
(iii) Is there a need for reconstruction?
(iv) What to use for reconstruction?

©Association of Oral and Maxillofacial Surgeons of India

57.8.2.1 Fractures of the Orbital Roof

Isolated fractures of the orbital roof are extremely rare. They
usually occur as a part of fronto-basilar fractures, fractures of
the frontal sinus, or may occur concomitant with fractures of the
supraorbital rim. Orbital roof fractures are present in approxi-
mately 5% of all orbital and cranial fractures, while incidence of
isolated orbital roof fractures may be as low as 0.7% of all
orbital and cranial fractures. The most common etiological fac-
tors include motor vehicle accidents, assaults, or falls.

Orbital roof fractures may be associated with more severe
neurological symptoms including dural tears, CSF leak, ten-
sion pneumocephalus, diffuse cerebral edema, and contu-
sions of the frontal lobe [42]. Itis imperative for a neurological
and ophthalmological consult prior to management.

In general, orbital roof fractures may be categorized into
four types (Fig. 57.30).
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Fig.57.30 CT scan images
showing types of roof
fractures (a) blow-in fracture,
(b) blowout fracture, (¢)
fracture of the supraorbital
rim, and (d) fronto-basilar
fracture
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[—Blow-in fractures of the orbital roof where there is
caudal displacement of the orbital roof with or without
herniation of the brain. These may be undisplaced or dis-
placed fractures. Comminuted fractures may leave frag-
ments within the orbital cavity and may produce functional
deficits with ophthalmic signs including restriction of
extraocular muscle movement, diplopia, ptosis, and even
blindness. These are generally caused due to increase in
the intra-cranial pressure secondary to injuries.
II—Blowout fractures of the orbital roof where there is
cephalad displacement of the orbital roof into the cranial
cavity due to increased intra-orbital pressure pushing the
roof above. These injuries may be associated with neuro-
logical symptoms.

III—Fractures involving the supraorbital rim. These may
be seen as impure fractures of the orbital roof with an
associated fracture of either a blow-in or a blowout nature.
IV—Fractures involving the frontal sinus and the fronto-
basilar complex. These fractures are more severe in nature

and may often be associated with severe neurological

implications.

Less than 10% of orbital roof fractures may need any
form of surgical intervention [42]. Most are amenable to
conservative management with observation and follow-up of
neurological and ophthalmic status.

The need for management of fractures of the orbital
roof may depend on:

(i) The presence of CSF leak which may need to be
addressed

(ii)) The necessity to retrieve displaced intra cranial
fragments

(iii) Ophthalmic signs with compromise on vision

(iv) Large displacement of fragments which may
act as mechanical impediments or signifi-
cantly alter intra-orbital volume producing
enophthalmos or exophthalmos.
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Interventions may be indicated immediately or late pri-
mary depending on the indications mentioned above.
Reconstruction of the roof of the orbit is not a proce-
dure routinely indicated. However in cases where there
is an absolute necessity for reconstruction like preven-
tion of brain herniation or restoration of intra orbital
volume which has been significantly altered, the choice
may vary between the use of titanium meshes
(Fig. 57.31) or porous polyethylene implants fixed with
micro-screws to split calvarial grafts.

Figure 57.32a—f demonstrates the management of a mal-
united fronto-basilar fracture along with a blow-in fracture
of the orbital roof compressing the eyeball producing restric-
tion of movement.

57.8.2.2 Fractures of the Lateral Orbital Wall
Lateral orbital walls are the strongest of all the orbital walls
[43]. The lateral wall generally shows diastasis and dis-
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Fig. 57.31 Reconstruction of complex defect of the frontal bone,
orbital roof, and supraorbital rim with a titanium mesh

placement in the case of fractures involving the
zygomatico-orbital complex and is restored to its normal
anatomy when the reduction of the zygomatic complex is
achieved [44]. However this wall gets comminuted in high-
velocity injuries [45] necessitating reconstruction in the pri-
mary intervention.

The anatomy of the lateral wall plays an important role in
the internal orbital volume as demonstrated by development
of enophthalmos in unrestored lateral wall fractures [46].
Restoration of the architecture or augmentation of the same
ensures correction of enophthalmos.

Reconstruction of the lateral orbital walls is usually

accomplished with the use of:

(1) Alloplasts including titanium meshes, porous
polyethylene sheets, and custom-made poly-
ether ether ketone (PEEK ) implants

(ii) Bone grafts which may be harvested from either
the calvarium or ilium

Figure 57.33a, b demonstrates the management of frac-
ture of the lateral walls of the orbit in a patient with concomi-
tant fracture of the zygomatic complex.

57.8.2.3 Medial Wall Fractures

The medial wall and the floor are the thinnest walls of the
orbit and have the propensity to fracture the most [47, 48].
Though the incidence of concomitant fractures of the medial
wall with that of the orbital floor have been reported over a
wide range of 5-71%, its occurrence in isolation is very rare.
Most fractures of the medial wall are incidental findings
when CT scans are obtained to study other cranial, facial, or
orbital fractures.

The most common type of clinical presentation would
either involve a combination of the medial wall and floor
(36%) or medial wall, floor, and zygomatic complex (28%)
[49-51].

Fractures of the medial wall were managed conserva-
tively in the past, but current literature proposes clear indica-
tions [49-51] for the exploration and reconstruction of the
medial wall fractures and defects, which include:

1. Restriction of ocular motility
2. Diplopia
3. Clinically significant enophthalmos
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Fig.57.32 CT images of patient with malunited fractures of the orbital ~ images showing recontouring of the supraorbital rim and roof using
roof. (a—c) Pre-operative images demonstrating malunited fracture of  ultrasonic aspirator system, with resultant expansion of the intra-orbital
the frontal bone and orbital roof of the left side with decrease in intra-  volume

orbital volume and compression on the globe. (d—f) Post-operative

ia
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Fig. 57.33 CT scan images of lateral orbital wall with concomitant image showing reduction of the lateral wall and re-establishment of the
fracture of the zygomatic complex. (a) Pre-operative image showing  sphenozygomatic suture continuity
fracture and displacement of the lateral wall and (b) post-operative



57 Orbital Fractures 1227

Box 57.10 A Clinically Useful Classification of Medial Wall Fractures Has Been Described by Nolasco et al. [47] in 1995
Based on CT Scan Findings

They describe four patterns of presentations (Fig. 57.34)

* Type I: Isolated medial wall fractures

e Type II: Fracture involving the medial wall and the orbital floor

» Type III: Fractures involving the medial wall, floor, and the zygomatic complex
* Type IV: Medial wall plus complex fractures of the face (maxillary, NOE, etc.)

!
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Fig. 57.34 CT scans showing types of medial wall fractures. (a) Isolated medial wall fracture; (b) fracture of medial wall with
floor; (¢) fracture involving medial wall, floor and zygomatic complex; and (d) concomitant fractures of the medial wall, floor, and
midface at LeFort 3 level
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Contrary to earlier belief the loss of medial wall integrity
also significantly contributes to development of enophthal-
mos [49]—with any defect involving an area of more than
1.9 cm? or volume expansion of excess of 0.9 ml [50, 51] pro-
ducing clinically significant enophthalmos (2 mm or more).

Approaches to the medial wall have already been
described in detail earlier. The most favored being the trans-
caruncular/retro-caruncular approaches which give excellent
exposure and access to the medial wall for both exploration
and reconstruction [37, 52].

Options for reconstruction include a multitude of materi-
als which may be autogenous or alloplastic as shown in
Table 57.1. Bioactive resorbable sheets are also found to pro-
duce good outcomes [53].

Figure 57.35a, b demonstrates reconstruction of a medial
wall fracture with a Titanium mesh.

Table 57.1 Commonly used biomaterials for orbital reconstructions

57.8.2.4 Orbital Floor Fractures

The fractures involving the orbital floor are the most com-
mon fractures of the internal orbit either in isolation or con-
comitant with other facial fractures. A comprehensive
classification of floor fractures with clinical guidelines for
management is described by Jaquiery [54] et al. which lays
emphasis on the morphology of the defect and the role of the
infero-medial strut of the inferior orbital fissure.

The internal orbit is divided into three zones which
helps in evaluating the difficulty of approach and
exposure:

(i) Anterior third

(ii) Middle third

(iii) Dorsal third

Permeability for

Stability / Biological inflammatory Donor site Radio-
Material fixation (S/F) Contouring behavior exudate morbidity opacity Availability
Titanium S+++ ++ ++ (allows tissue ~ + + + +
F++ in-growth)
Bone graft S++ - +++ - - + +/—
F+
Porous polyethylene S+/— + ++ (allows tissue ~ — + - +
F+/— (when in-growth)
thin)
Composite porous S++ + ++ (allows tissue ~ — + + +
polyethylene/Ti F++ in-growth)
Resorbable (PLLA)  S+/— + + (inflammatory (non-perforated) + - +
F+/— response)
Pre-formed S+++ +++ (minimal ++ (allows tissue  + + — +
anatomical implant ~ F++ contouring needed) in-growth)

2 N
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Fig.57.35 CT images of patient with medial wall fracture. (a) Fracture of the medial orbital wall of the left orbit showing displaced medial rectus.
(b) Post-operative image demonstrating medial orbital reconstruction with titanium mesh
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Table 57.2 The classification of orbital wall defects (Jaquiery et al.

modified by Dubois et al.) [53-55]

Category Complexity of
of fracture reconstruction Defect description Clinical finding
I Low Isolated defect of

floor or medial

wall, 10-20 mm?

within zone 1 or 2

1T Moderate Defect of floor and/ Bony infero-medial
or medial wall strut of the inferior
>20 mm? within orbital fissure
zone 1 and 2 present
1T High Defect of floor and/ Infero-medial strut
or medial wall of inferior orbital
>20 mm? within fissure absent
zone 1 and 2
v High Defect of the entire  Infero-medial strut
orbital floor with of inferior orbital
medial wall fissure absent. The
involving zone 3 posterior ledge of
the floor also may
be absent

The fractures themselves are then classified into four
categories of defects (Table 57.2; Fig. 57.36a—d).

Which Fractures of the Orbital Floor Need

Intervention?

Indications and contraindications for floor exploration and
repair are well defined.

Absolute Indications

1. Acute injury to the orbit showing evidence of immediate
clinical enophthalmos and/or hypophthalmos [55]
(Fig. 57.15), necessitating a primary surgical interven-
tion. Post-surgical outcome may get compromised with
delay due to progressive atrophy of intra-orbital fat.

2. Severe restriction of ocular motility with CT or MRI evi-
denced muscle entrapment or incarceration of periorbital
soft tissue.

©Association of Oral and Maxillofacial Surgeons of India

Fig.57.36 Diagrammatic representation of the different types of defects of the orbital floor which indicate the grades of difficulty to reconstruct.

(a) Type I, (b) Type 1L, (¢) Type III and (d) Type IV
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Fig. 57.37 CT scan images of a young boy with history of orbital inferior rectus muscle. (Courtesy: Dept of Orbit & Oculoplasty,
trauma. (a) Sagittal and (b) coronal sections demonstrating a “springing ~ Shankara Nethralaya, Chennai)
trapdoor” fracture of the orbital floor on the left side with entrapped

©Association of Oral and Maxillofacial Surgeons of India

Fig. 57.38 Clinical photographs of a boy with “White eye blowout”  abnormalities. (Courtesy: Dept of Orbit & Oculoplasty, Shankara
fracture, showing restriction of ocular motility in the left eye in the Nethralaya, Chennai)
superior (a) and inferior (e) gazes. The other gazes (b, ¢ and d) show no
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3. “White eye blowout” fracture in a child or young adult
with severe restriction of ocular motility (Figs. 57.37a, b
and 57.38) and vagal symptoms.

Relative Indications

1. Defects of the orbital floor often larger than 50% of the
orbital floor area or greater than 20 x 20 mm of defect
size especially in the zone between the floor and the
medial wall (Fig. 57.39a).

2. Diplopia which is non-resolving and persistent for more
than 2 weeks due to entrapment or fibrosis of orbital soft
tissue (Fig. 57.39b) [56, 57].

Relative Contraindications
1. Associated ophthalmic injuries like retinal tears,
hyphema, displacement of lens, ruptured globe, avulsion
injuries of the globe, etc.
2. Loss of vision in one eye with the only seeing eye involved
in a fracture
Figure 57.40a—f demonstrates the delayed management
of a patient with an isolated fracture of the floor and medial
walls. The CT scan shows fibrosis and adhesion of the infe-
rior rectus muscle to the residual posterior ledge producing
diplopia and restriction in superior gaze.

Surgery for Special Indications in Orbital Floor
Fractures
Enophthalmos

Enophthalmos is the displacement of the eyeball in a pos-
terior direction and is attributed to increase in the intra-
orbital volume. Numerous studies have shown that there is a
correlation between increase in intra-orbital volume and the
presenting enophthalmos. It is proved that an increase in
intra-orbital volume by 0.5-1 cc would produce posterior

Fig.57.39 (a) Sagittal
section CT demonstrating
large defect of the orbital
floor. (b) Sagittal section CT
demonstrating fibrosis and
adhesion of the inferior rectus
(yellow arrow) to the
posterior ledge of the orbital
defect

displacement of the globe by 1 mm. Enophthalmos of 2 mm
or more may be clinically perceivable and warrant surgical
intervention [58, 59]. An important aspect of orbital recon-
struction lies in the fact that it is the only fracture in CMF
region where the onus is not in recreating the anatomical
form but rather in the restitution of the intra-orbital volume.
Care should be taken to reconstruct the posteromedial aspect
of the orbit (Hammer’s key area) to achieve anterior projec-
tion of the globe. It is imperative to understand that recon-
struction of the floor posterior to the equator of the globe
influences anterior projection of the globe, while reconstruc-
tion of the equatorial region of the floor influences only the
supero-inferior position of the globe (Fig. 57.41).

Figure 57.42a—d shows a case of delayed correction of
enophthalmos in a patient with an orbital floor fracture.

Hypophthalmos

This is otherwise called hypoglobus and signifies the down-
ward displacement of the globe due to the interruption in the
anatomical integrity of the orbital floor. The clinical presence
of hypoglobus needs to be differentiated from orbital dysto-
pia which essentially means that the entire bony orbit with its
contents is displaced caudally, unlike hypophthalmos, where
only the globe is displaced caudally.

However decision-making for surgical intervention based
on both enophthalmos and hypophthalmos is challenging as
they may or may not present immediately following trauma.
(Refer to clinical scenario 1. Figs. 57.57, 57.58 and 57.59).

Diplopia

Clinically demonstrable double vision is termed diplopia.
Generally post-traumatic diplopia due to edema and hemor-
rhage is self-limiting and shows spontaneous resolution.

©Association of Oral and Maxillofacial Surgeons of India
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Fig.57.40 CT scan images of patient with internal orbital fracture. (a—c) 3D

, coronal, and sagittal images demonstrating isolated fracture of the

left orbital floor and medial wall. (d—f) post-operative images demonstrating reconstruction of the defect with anatomical orbital implant

®
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Fig. 57.41 Graphical representation of the equator of the globe (E)
and the associated equatorial (A) and post-equatorial (B) zones of the
floor

Diplopia can manifest in two forms:

Monocular (diplopia present when seeing through one
eye with the other eye closed) which is of more concern
where the pathology is generally due to an ophthalmic
problem (corneal, retinal, etc.) or neurological where the
problem may be due to the optic nerve or the optic disk
being injured.

Binocular diplopia (diplopia present only when seeing
with both eyes, while absent on seeing with one eye)
with CT proven muscle entrapment is seen as an indica-
tion for immediate intervention. However, it may also be
attributed to other reasons including (a) intra-orbital
edema or hemorrhage, physical bony spicules or frag-
ments acting as impediments following trauma, (b)
entrapment of the periorbita, and in rare cases (c) large
changes in intra-orbital volume including massive
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Fig. 57.42 Clinical photographs of patient with enophthalmos. (a and b) Pre-operative pictures demonstrating significant enophthalmos of the
left globe. (¢ and d) Post-operative pictures demonstrating good surgical outcome

herniations or atrophy of periorbital fat, which do not
mandate immediate intervention. Refer to clinical sce-
nario 2.

When Is the Right Time to Intervene?
The timing for intervention for fractures of the orbital floor
can be divided into three categories—immediate, early, and
late. The indication for all three categories are well discussed
in literature [57] and are listed in Fig. 57.43.

Indications for immediate repair are of an urgent nature
and may require priority as surgical emergencies, generally
less than 6 h following trauma.

What to Use for Reconstruction of the Orbital Defect?

A plethora of material both autogenous and alloplastic
have been used and documented. A table is provided with
the list of the most commonly used materials and their
relative merits (Table 57.1). However, contemporary liter-
ature favors the use of stock titanium meshes and custom
patient specific implants which provide optimal correc-
tions (Fig. 57.44a, b).

H * “White-eye” blow out
Immedlate -CTeviden::ed:nwh'apmentwfthposﬂivaFDT
& oculo-vagal response
(< 24 hou rS) » Vision threatening emergency

* CT evidenced entrapment with positive FDT
& non-resolving diplopia

* Early onset enophthalmos/hypophthalmos

* >50% or >2x2cm floor defect

Early
(<14 days)

* Non-resolving symptoms
= Late enophthalmos/hypophthalmos
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Fig. 57.43 Chart showing timing for intervention for orbital
reconstruction

Guidelines for Deep Orbital Dissection
The dissection of the deep orbit is always a challenge for the
surgeon due to the high concentration of vital structures



1234

A.Parameswaran et al.

within a limited space [60]. A few anatomical landmarks that

have been suggested for guidance while dissecting in the

deep orbit include:

(a) Infra-orbital nerve: the course of the infra-orbital nerve
within the orbit is a very important landmark in floor
dissection. The point of its entry from the pterygopala-
tine fossa at the genu/bend where inferior orbital fissure
takes a turn and ascends laterally to continue as the
superior orbital fissure signifies the safe limit for the
posterior extent of floor dissection. Even in the case of
badly comminuted fractures or delayed corrections, the
nerve may be identifiable and provides a reliable clue to
the end of the pre confluence area.

(b) Inferior orbital fissure: the inferior orbital fissure forms
a pathway for an extended exposure of the lateral orbit
as the contents of the fissure can be safely divided using
bipolar cautery dissection. This facilitates easy naviga-
tion into the deep orbit behind the fissure and trace the
greater wing of sphenoid. It may be of clinical relevance
to note that the structures of the lateral orbit are much
stronger and less prone to comminution when compared
to the medial orbital structures. This makes the lateral
approach to the deep orbit more predictable. Furthermore,

()

(d)

(e)

the medial strut of the inferior orbital fissure is an impor-
tant entity to identify and utilize for reconstruction of the
internal orbit.

The greater wing of the sphenoid: this is a thick and
strong bony structure which forms the majority of the
lateral orbit and bridges the inferior and superior orbital
fissures. Its robust nature makes it less prone for com-
minution and hence forms a predictable landmark to find
even in severe trauma.

Orbital process of the palatine bone: the Orbital process
of the palatine bone forms the highest point of the poste-
rior-medial bulge of the orbital floor. This is an integral
part of the posterior orbit that needs to be reconstructed
to get adequate positioning of the globe in the anteropos-
terior and vertical directions.

Orbital confluence: the orbital confluence (Fig. 57.45a,
b) is formed by the convergence of two bony shelves
forming the genu of the internal orbital fissures. This
signifies the safe limits of the dissection of the orbital
floor. The confluence is formed by the perpendicular
plate of the palatine bone on the medial aspect and the
bony inferior margin of the greater wing of the sphenoid
laterally.

Fig.57.44 Photographs of (a) Stryker® preformed anatomical orbital floor implant and (b) titanium “patient-specific implant” (PSI)
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(f) Safe distances within the orbit: an important formula to  (g) Globe protection: protection of the globe is of vital

remember safe distances within the orbit is 24-12-6, importance in orbital surgery. Adequate care should also
where 24 is the distance in mm of the anterior ethmoidal be exercised for the protection of other vital structures
foramen from the medial orbital rim; an additional like nerves and vessels also. Use of protection devices
12 mm deeper (36 mm) would indicate the posterior eth- like specific retractors (Fig. 57.46a, b, c¢) and corneal
moidal foramen followed by another 6 mm deep for the shields is mandatory.

optic nerve (42 mm) [6].

R
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Fig. 57.45 (a) Demonstration of landmarks on dry skull. (A) (b) Intraoperative photograph demonstrating the structures of the deep
Perpendicular plate of the palatine bone. (B) Medial lip of the greater ~ orbit in a patient undergoing secondary surgery for floor reconstruction
wing of the sphenoid. (C) Orbital confluence and (O) Optic foramen. ~ with implant replacement

Fig.57.46 Photographs showing globe protection devices. (a) Stryker® globe retractor, (b) Synthes® globe retractor and (¢) Synthes® retractor in
anatomical position demonstrating the use of calibration to aid intraoperatively
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Fig.57.47 CT scans images demonstrating optimal de-herniation of orbital contents and restoration of intra-orbital volume. (a—c) Pre-operative,

(d—f) post-operative

De-herniation of the Orbital Contents and Locating
the Posterior Ledge

Two important aspects of floor reconstruction are:
(1) De-herniation of the orbital (Fig. 57.47a—f) con-
tents to restore the internal orbital volume
(i1) Locating the posterior ledge (Fig. 57.48a—d) for
optimal implant positioning

However, locating the posterior ledge in large defects and
secondary corrections may be a significant challenge.
Absence of posterior ledge in severe orbital trauma is an
indication for cantilevered implants which are secured to the
infra-orbital rim alone.

57.8.3 Type lll (Naso-Orbito-Ethmoid Type)
(Refer Chap. 58)

The NOE-type fractures are the most challenging of all the
orbital fractures to manage in terms of achieving predictable
results. The management of the NOE complex reconstitutes
the facial form of the central midface: a key element in facial
esthetics. This type is also prone to have concomitant inju-
ries to the lacrimal system which should be identified and
treated.

Figure 57.49a—f demonstrates the CT images of a patient
with a residual deformity following pan-facial trauma with
a right-sided type I NOE and neglected orbital floor
fractures.
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Fig.57.48 (a and b) Pre-operative coronal and sagittal section CT images demonstrating the location of the posterior ledge of the floor defect. (c
and d) Post-operative images showing the placement of the anatomical orbital floor implant in the appropriate position to bridge the defect
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Fig. 57.49 CT scan images of patient with type I NOE fracture, plus
orbito-zygomatic complex on the right side. (a—c) 3D, coronal and sag-
ittal images demonstrating the fractures and the floor defect. (d—f) Post-

Box 57.11 The Key Elements for Managing Type IlI
Fractures

* Management of the medial canthal tendon (MCT)
as indicated: this can be performed according to the
description of Markowitz et al. [61] with the focus
being the attachment or avulsion of the medial can-
thal tendon (MCT) to the fracture fragment

e Management of the soft tissue drape after reposition
of the MCT

* Restoration of the nasal dorsum projection, which
is of paramount importance

* Evaluation of injuries to the lacrimal system: cana-
liculi, sac and the nasolacrimal duct (NLD), and its
management

57.8.4 Type IV (Complex Fractures of the Face
with Orbital Fractures)

This type includes all the combinations of the fractures of the
face which do not fall into the types described above.
Sequencing of fractures (refer Chap. 60) such as these includ-
ing pan-facial fractures requires a thorough understanding of
the principles to obtain optimal outcomes. It is to be borne that
sequencing and fixation of all facial fractures need to be com-
pleted prior to the reconstruction of the internal orbit.

operative images demonstrating ORIF of the right NOE fracture, redo
of the orbito-zygomatic complex and floor reconstruction with anatom-
ical orbital implant

Figures 57.50a-d and 57.51a-d demonstrate a patient
with residual facial deformity following RTA. Patient had
sub-optimally treated pan-facial and orbital fractures and a
malunited mandible fracture. He was operated for a revision
surgery addressing his midface and dental occlusion.

57.9 Management of Orbital Emergencies

(a) Retrobulbar hemorrhage: investigations with a CT scan
or an MRI as the clinical situation mandates help us with
a diagnosis of retrobulbar hemorrhage. 20% mannitol
2 g/kg body weight or 500 mg acetazolamide is admin-
istered to reduce the intraocular pressure in conjunction
with 100 mg hydrocortisone for management of edema.
Hourly examinations of pupils, visual acuity, and IOP
are of great significance as stable ophthalmic status with
diminishing signs of vision can be managed medically.
Deterioration of vision or changes in visual fields may
be considered an emergency [62]. Inferior cantholysis is
the most commonly employed procedure for decom-
pression of the retrobulbar space [63—65].

Traumatic optic neuropathy: the management of trau-
matic optic neuropathy includes observation, use of ste-
roids, and surgical decompression [66]. However, the
use of corticosteroids in acute brain trauma is now
debatable, and the general consensus is non-use of ste-
roids in patients having concomitant brain trauma [67].
Many clinicians now restrict the use of steroids (bolus

(b)
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Fig. 57.50 3D CT images of patient with neglected pan facial injury
and associated orbital fracture. (a and b) Images demonstrating frontal
and lateral views showing malunited pan-facial fracture with facial
deformity and significant dental malocclusion. (¢ and d) Post-operative

dose of 30 mg/Kg body weight of methyl prednisolone
followed by 3 mg/Kg/h for 24 h) within the first 8 h of
injury, in cases of severe primary vision loss or progres-
sive vision loss.

(c) Compartment syndromes: this includes both superior
orbital fissure and orbital apex syndromes. The current
protocols indicate early surgical decompression where
indicated. The role of steroids is debatable as indicated
above.

57.10 Pediatric Considerations
(Figs. 57.52a-d and 57.53a, b)

Pediatric consideration in orbital trauma necessitates the dis-
cussion of four important aspects which clearly delineate the
management principles from adults.

images demonstrating ORIF of the right orbito-zygomatic complex and
a Lefort I osteotomy with restoration of skeletal form, midface projec-
tion, and restoration of functional occlusion

(a) Ratio of cranium to facial fractures in children

The face to cranium ratio of an infant is 1:8, while that
of a child who is between 4 and 6 is about 1:4. This
clearly establishes the fact that the cranium in an infant
or a child is much larger than the face and is more
exposed to potential trauma. The incidence of orbital
roof fractures is much more common in children who
are younger than 5 years, while beyond the age of 7, the
floor fracture is more commonly seen.

Pediatric orbital roof fractures

Roof fractures in children occur in the growing age [68]
and cause an entity called the “growing skull fracture,”
where the fracture fragments continue to separate due to
growth, causing “leptomeningeal” herniation which
involves herniation of the meninges and part of the frontal
lobe into the orbital cavity. Management of these need to
be planned in conjunction with neurosurgical support.

(b)
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Fig.57.51 Coronal and axial CT images of the patient in Fig 57.50. (a and b) Images demonstrating comminuted fractures of the midface and
orbit. (¢ and d) Post-operative images showing optimal restoration of form of the face and orbit

©Association of Oral and Maxillofacial Surgeons of India

Fig.57.52 Clinical photographs of a 6-year-old child with left sided orbital trauma (a and c) frontal and basal views demonstrating immediate-
onset enophthalmos and hypophthalmos. (b and d) post-operative photographs showing optimal post-surgical outcome. (Courtesy: Dept of Orbit
& Oculoplasty, Shankara Nethralaya, Chennai)
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Fig.57.53 CT scan images
(a) 3D image demonstrating
fracture involving the left
infra-orbital rim and orbital
floor in a 6 year-old child, (b)
sagittal sections of both orbits
showing left sided floor
fracture. (Courtesy: Dept of
Orbit & Oculoplasty,
Shankara Nethralaya,
Chennai)
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(c) White eye blowout
The presence of floor fractures with restriction in superior
gaze, with or without oculo-vagal responses and devoid of
any physical signs of hemorrhage or ecchymosis in the
eye or periorbital region [69—71]. This is a feature which
may be seen in children and young adults as a result of a
“self-reducing trapdoor” fracture which entraps the infe-
rior rectus. The white eye blowout is considered a surgical
emergency and necessitates immediate intervention.

(d) Role of resorbable implants
The cranium and upper face exhibit rapid growth in the
early years. The orbit completes almost 80% of its
growth within the first 2 years of life and another 10%
within the next 2-3 years. Choice of implants in the
growing orbit is to be taken into consideration by the
surgeon who has to plan for the residual growth of the
orbit and possible chances of migration of implants.

57.11 Secondary Correction of Orbital
Deformities

Secondary corrections of the internal orbit demand great
degrees of skill and are technically demanding even for the
trained surgeon due to the nature of fibrosis and contracture

that is already set in and the distortion of bony landmarks
within the orbit. This may necessitate more extensive dissec-
tion and mobilization of the orbital contents and yet yield
sub-optimal outcomes.

57.12 Complications

Complications associated with management of orbital frac-
tures may be categorized into immediate and delayed
complications.

Box 57.12 Indications for Secondary Deformity
Correction of the Internal Orbit Generally Are

(a) Restricted ocular movement, which may be either
due to muscle entrapments or adhesions of intra
orbital and/or periorbita

(b) Diplopia due to physical impediments like bony
interferences and/or soft tissue adhesion/
entrapment

(c) Enophthalmos and/or hypophthalmos
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57.12.1 Immediate Complications

The most common immediate complications that are
secondary to orbital surgery include:

e edema,

¢ infection,

¢ would dehiscence,

e aberrant implant position,
e extrusion of implants.

Hemorrhage may be an infrequent complication which
may happen during the surgery or in the immediate post-
operative period.

Complications associated with specific ophthalmic impli-
cations like injuries to the cornea, extraocular muscles, lacri-
mal apparatus, or the optic nerve also may occur.

Blindness is a rare but grievous complication which has to
be borne in mind.

The last group includes neurosensory disturbances like par-
esthesia or dysesthesia associated with the infra-orbital nerve
and carrying grades of facial nerve palsy or weakness [72, 73].

57.12.2 Delayed Complications

Delayed complication may present in the form of:

 Persistent enophthalmos/hypophthalmos

e Persistent or worsened diplopia with altered vision

* Restricted ocular movement due to fibrosis and
adhesion

Other adverse outcomes include:

» Entropion

» Ectropion

e Hypertrophic scars/keloids

e Change in the axis of the palpebral fissure

57.13 Recent Advances in Management
of Orbital Fractures

Orbital reconstruction still remains one of the most challeng-
ing and enigmatic areas in the management of cranio-facial
trauma and most certainly attracts the latest in terms of tech-
nology and developments to refine and improve outcomes.
Significant advances in the field of orbital reconstruction
include:

1. Computer-assisted surgery
2. Intraoperative imaging and navigation (refer Chap. 41)
3. Patient-specific implants for reconstruction

57.13.1 Navigation and CAS for Orbital
Fractures and Reconstruction

Computer-assisted surgery allows virtual pre-operative
planning of the desired reconstruction using pre-operative
CT scans (Fig. 57.54a—d) [74]. This virtual plan gives real-
time guidance during surgery. Navigation helps visualize
the actual surgical outcome during surgery in relation to
the pre-operative plan (Fig. 57.55). With this technique,
sub-optimal reduction of fractures and positioning of
implants can be identified and corrected during surgery,
thereby reducing the need for secondary procedures
[75-T77].

57.13.2 Patient-Specific Implants
(Fig. 57.56a—c)

Custom implants for the reconstruction of complex defects
and deformities have become vogue now. They offer the
advantages of accurate planning and infallible positioning
intraoperatively which enormously improve post-surgical
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Fig.57.54 Photographs depicting stages in computer-assisted surgery  the deformity; and (d) creation of patient specific implant design for the
for orbito-facial reconstruction. (a) Generation of virtual 3D model; (b)  fronto-zygomatic region and importing the virtual model of the ana-
segmentation and mirroring of normal side; (¢) superimposition of the  tomical orbital implant for floor reconstruction

mirrored object on the affected side, enabling a better understanding of
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outcomes. The defect can be mapped digitally and a con-
struct can be made after virtual surgical planning to aid in Box 57.13 Principles to Be Followed During Surgery for
intraoperative guidance. The implants may also function as Orbital Floor Reconstruction

guidance stents and double up as fixation devices too. (i) Complete exposure of the fracture and defect

(i1)) Meticulous de-herniation of the orbital soft tis-
sues with restitution of intra-orbital volume

(iii) Identification of the posterior ledge in floor
defects which is the posterior limit for
reconstruction

(iv) Restoration of the posteromedial bulge of the
orbit (Hammer’s key area) [7]

(v) Choice for the reconstruction material should be
based on the complexity of the defect (Dubois
et al.) [55]

57.14 Conclusion

To conclude, all patients with orbital trauma need to be subjected
to ophthalmological examinations both pre- and post-surgery.
Globe protection, gentle retraction of tissues, and intraoperative
testing for vision are mandatory during orbital surgery.

©Association of Oral and Maxillofacial Surgeons of India

Fig.57.55 Screenshot images of a left-sided orbital floor with an anatomical orbital floor implant that is virtually planned and executed with the
help of intraoperative navigation
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Fig.57.56 PSI designed for reconstruction of a large floor and medial wall defect in the right orbit. (a) Frontal view of PSI on an STL model of
the patient, (b) superior view, and (c¢) intraoperative photograph showing placement of the PSI “in situ”
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57.15 Case Scenarios

Case 1

Patient with a history of facial trauma 8 months back presented with complaints of change in the position of his eye-
balls. He had a history of surgical intervention for management of his pan-facial fractures immediately following the
trauma. No intervention was performed for the orbital fractures primarily. Subsequent clinical evaluation performed 8
months later revealed enophthamos, hypophtalmos and restriction in superior gaze in the right eye. CT scans revealed
a large orbital floor defect on the right side with fibrosis and adhesion of the inferior rectus to the posterior ledge of the
floor defect. The patient was subjected to secondary surgery for correction of the above mentioned complaints. An
orbital exploration was performed on the right side to release the inferior rectus, the infra-orbtial rim was augmented
with a ramal graft and the floor defect was reconstructed with a “Stryker” anatomical orbital implant. Post-surgical
evaluation revealed optimal corrections of the enophthalmos, hypophthalmos and good repositioning of the inferior
rectus muscle (Figs. 57.57a—d, 57.58a, b and 57.59a-f).

B — u .‘h
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Fig. 57.57 (a and b) Pre-operative clinical photographs of patient demonstrating right sided enophthalmos and hypophthalmos. (¢ and d)
Post-operative clinical photographs showing optimal surgical outcomes
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Fig.57.58 3D CT reconstructions of patient in Fig 57.57 demonstrat-  the right orbital floor defect with an anatomical orbital implant after
ing (a) right-sided malunited zygomatic complex fracture with orbital —augmentation of the infra-orbital rim with a mandibular ramus bone
floor defect and (b) post-surgical scan image showing reconstruction of ~ graft

©Association of Oral and Maxillofacial Surgeons of India

Fig. 57.59 (a—c) Pre-operative axial, coronal, and sagittal scans of patient in Fig 57.57 with large defect of the right orbital floor. (d—f) Post-
operative sections demonstrating the correction of the floor defect with an anatomical orbital implant
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Case 2

A 12 year old girl presented to the surgical OPD with history of blunt injury to the left eye. On examination she had no
external signs of injury but revealed restriction in superior gaze in the left eye. CT scan revealed a springing trapdoor
fracture of the left orbital floor with entrapment of the inferior rectus muscle. A diplopia charting was performed which
revealed moderate to severe restriction of the left eye in the superior gaze. The patient was taken up for immediate
surgery for orbital exploration and release of the entrapped muscle with/without floor reconstruction. The exploration
was successful and the patient required no reconstruction of the floor. Post operatively the patient demonstrated com-
plete resolution of the symptoms with the full range of ocular movements restored. (Figs. 57.60, 57.61, 57.62a, b)
(Courtesy: Dept of Orbit & Oculoplasty, Shankara Nethralaya, Chennai)

©Association of Oral and Maxillofacial Surgeons of India

Fig. 57.60 Pre-operative photograph demonstrating the nine gazes of a young girl with a “White eye blowout” fracture of the left orbital
floor with entrapment of the inferior rectus. (Courtesy: Dept of Orbit & Oculoplasty, Shankara Nethralaya, Chennai)

©Association of Oral and Maxillofacial Surgeons of India

Fig. 57.61 Post-operative photograph demonstrating resolution of symptoms after 3 weeks of surgery (Courtesy: Dept of Orbit & Oculoplasty,
Shankara Nethralaya, Chennai)
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Fig. 57.62 Photograph of documentation of diplopia by charting with two colors (green for left and red for right eyes). The left and right sides
are marked in the orientation that the patient sees an object in front of him/her. (a) Pre-operative and (b) post-operative (Courtesy: Dept of Orbit
& Oculoplasty, Shankara Nethralaya, Chennai)
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