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“CrossRoads” is dedicated to all patients who have shown so
much confidence in our multidisciplinary team, and to the
doctors who consider following in our footsteps.
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The Orbit: Introduction
to “CrossRoads”. Multidisciplinary
Versus Solo Approach in Complex

Cases

Maarten P. Mouirits, Peter J. J. Gooris,

and J. Eelco Bergsma

Already in 1920, in a report to the UK Minister of
Health, the concept of team-based care was con-
ceived [1]. Now, PubMed shows no less than
61,496 hits when one searches for “multidisci-
plinary.” This short chapter is certainly not a plea
to approach each and every medical problem by a
team of specialists, but in cross-disciplinary case-
load, today interdisciplinary care is mandatory.
As we will see, when, for example, treating
patients with Graves’ disease, a multidisciplinary
approach is highly recommended [2, 3].
Pathology in and around the orbit is typically
an area where many medical disciplines inter-
sect: ophthalmology, oral and maxillofacial sur-
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gery, ENT, plastic surgery, and endocrinology.
Despite the expertise of every single specialist,
tunnel vision is a threat and can lead to
misdiagnosis.

With the introduction of medical specialists
from different fields working closely together,
this tendency for tunnel vision is coming to an
end. In 1994, Stoll et al. [4] argued that “orbital
complications of various pathogenesis™ are best
treated by interdisciplinary teamwork. The
advantage of working with a multidisciplinary
team will equate to a superior outcome for the
patient: The end result of that input is much
more than the sum of its parts. Also, the multi-
disciplinary consultation hour can serve as a real
goldmine for the participating doctors during
which much can be achieved. In order for this
system to work effectively, each doctor needs to
maintain their knowledge and associated skills
by treating a minimum number of patients
annually.

In the Netherlands, every doctor is allowed to
perform any medical treatment, provided he/she
does it according to the rules of the current “med-
ical art”

In the Amphia Hospital in Breda, Netherlands,
we have set up a collaboration between oral and
maxillofacial surgeons, endocrinologists, and
ophthalmologists. Over the past 15 years, this has
proved to be very beneficial in treating ocular-
related pathology. Our main focus has been
Graves’ orbitopathy and orbital fractures, but
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related problems often revealed themselves dur-
ing collaboration.

For those doctors who pursue the same goal as
we have or those who are interested in both
orbital surgery and ophthalmic orbital pathology,
we hope our book “CrossRoads” is a valuable
resource. It is not our aim to give a full descrip-
tion of all diseases, disorders, and treatments that
exist in these fields; however, we have tried to
provide an overview of some of the problems we
have encountered and, hence, raise the interest
for further reading.
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Configuration
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Learning Objectives
To acquire a/an

e Comprehensive knowledge of the bony
composition within and around the pre-
cincts of the orbits.

* Understanding of the topographical rela-
tionships of the orbit to the middle cra-
nial fossa, cavernous sinus, infratemporal
and pterygopalatine fossa, the paranasal
air sinuses, and the lateral nasal wall.

e Impression of the individual variability
of passageways in and out the orbit,
which becomes specifically apparent in
large-scale data pools of morphometric
imaging (CT, MRI, CBCT) studies.

* Habitude for a thorough diagnostic
workup to anticipate anatomic normal-
variants for increased finesse in surgical
planning and postoperative analysis.
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Introduction

The orbits are paired mirror symmetric cavities
of bone on either side of an intermediary com-
partment that is made up by the external and
inner nose as well as the ethmoid and sphenoid
sinuses. The orbits contain the eyeballs, i.e., the
optical and light/image processing units, that rep-
resent the entry of the visual organ. Besides the
eyeballs or globes with their refractive apparatus
and retinal receptors, the visual organ consists of
auxiliary adnexa, such as the lacrimal system, the
extraocular muscles, and the adipose body
including a multitude of neural connections and
vascular supply. The posterior end of each orbital
cavity (orbital apex) centers over the bony sur-
faces in the close vicinity of the superior orbital
fissure and the posterior sinkhole of the inferior
orbital fissure. These apex areas of the orbit are
identical with the regions in juxtaposition of the
lateral surfaces of the cubic body of the sphenoid
bone. This coincidence fostered the idea of this
fundamental anatomy chapter to describe the
osseous construction of the orbits systematically
building up from scratch at the orbital apex in the
manner of a technical blueprint and exploded
view drawings of the individual components.
This process will result in a depiction of the over-
all assembly of both orbits and an outline of their
spatial and topographical relationships at the
transition between the maxillae, central and lat-
eral midface components, and the cranial base

2
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and vault. Finally, the position, shape, dimen-
sions, and important variations of the gates and
passageways within this framework of bones and
paranasal sinuses are addressed.

Method

Classic textbook and atlas descriptions were used
to model the basic bony anatomy of the orbit and
serve as introduction to outline the details of the
passageways as well as topographical aspects.
The recent relevant literature on the bony open-
ings was identified and a small selection assigned
to review the details of the bony openings.
Photographs of post mortem human subject dis-
sections, illustrations and digital drawings were
synthesized to present a comprehensive survey of
topics spanning the breadth of current knowledge
on the bony constituents inside and around the
orbit.

I. Osteology—Bony Building Blocks

Overall Skeletal and Topographical
Configuration

The orbits are formed by facial and cranial bones.
Each orbit is assembled of seven bones: sphe-
noid, frontal ethmoid, lacrimal, palatine, maxilla,
zygoma [1]. These skeletal building blocks out-
line a cone- or pear-shaped cavity with a thick
marginal rim framing the aperture at its base in
contrast to the thin-walled cone construction. In
terms of a geometric concept, the orbit can be
translated into a pyramid with a quadrangular
base, giving rise to four concentric walls which
carry a three-sided spire or apex on the top end
(Fig. 2.1a—f). The open base or aditus orbitae is
projecting fronto-laterally and the apex postero-
medially toward the optic foramen. The aditus is
framed by thick and prominent marginal rims.
These are well defined except for the medial side,
which is discontinuous due to the interposition of
the fossa for the lacrimal sac between its lower
and upper part.! The medial rim or nasal orbital

margin consists of the frontonasal process of the
maxilla, the lacrimal bone, and the maxillary pro-
cess of the frontal bone. The frontonasal process
extends upward into the anterior lacrimal crest
and forms the medial orbital margin in the lower
part (MOMLP). The supraorbital rim continues
into the posterior lacrimal crest in a more back-
ward plane and creates a second parallel bone
ridge, the upper part of the medial orbital margin
(MOMUP) with the lacrimal fossa in between at
a fluted bevel. The superior and inferior orbital
margins curve distinctly posterior, so that the lat-
eral rim is least projecting in the whole orbital
circumference. The four walls of the human orbit
or the internal orbit, respectively, are formed by
the seven bones named above. The roof of the
orbit is composed largely of the orbital plate of
the frontal bone anteriorly and of the lesser wing
of the sphenoid (LWS) with a minor part in the
posterior part. The triangular shape of the roof
narrows toward the orbital apex. The anterior
portion of the frontal bone is containing the fron-
tal sinuses which can extend far up into the squa-
mous part of the frontal bone and far back over
the orbital roof when extremely pneumatized.
The floor of the anterior cranial fossa forms the
endocranial side of both orbital roofs. The fossa
for the lacrimal gland is a shallow depression in
the anterolateral aspect of the roof next to the
zygomaticofrontal suture (ZFS). A small depres-
sion in the anteromedial portion of the roof, the
trochlear fovea, is the site of attachment for the
fibrocartilaginous ring (pulley) girdling the ten-
don of the superior oblique muscle.

The junctions of the walls in the superome-
dial, superolateral, inferolateral, and inferome-
dial quadrants or pyramidal corners are rounded
in reality. The overall configuration of the inter-
nal orbit (i.e., the inside) comes closer to the
pyramid model than the external orbit due to its
integration into frames, pillars, support, and
pneumatized paranasal structures. With regard
to their anatomical subunits, the entire orbital
margin is occasionally divided into three sec-
tions, a supraorbital rim, an inferomedial or
maxillary rim, and an inferolateral or zygomatic
rim.
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Fig. 2.1 (a) Orbits—anterior view—rim circumference.
The broad blending of the anterior and posterior lacrimal
crest results in discontinuity and ambiguity at the medial
orbital rim. The anterior view limits the visibility over the
internal orbital surfaces. ALC anterior lacrimal crest, COF
cranioorbital foramen, FLS fossa for lacrimal sac, FOFN
frontal orbital foramen/notch, FPZB frontal process of
zygomatic bone, GWS greater wing of sphenoid, /MM infra-
orbital margin of maxilla, /OMN infraorbital margin, JOF
inferior orbital fissure, IOFN infraorbital foramen, I0G
infraorbital groove, /PZ infraorbital process of zygoma, LB
lacrimal bone, LOMN lateral orbital margin, MOMLP
medial orbital margin—lower part, MOMUP medial orbital
margin—upper part, OFC optic foramen/canal, OPLZP
orbital plate of zygoma lower part, OPZ orbital plate of
zygoma, OSM orbital surface of maxilla, PLC posterior lac-
rimal crest, SOF superior orbital fissure, SOFN supraorbital
foramen/notch, SOMN supraorbital margin, ZFS zygo-
matico—frontal suture, ZMS zygomatico—maxillary suture.

(b) Orbits—left antero-oblique view to get insight into the
inferomedial and anterolateral orbital walls concurrently.
AEF anterior ethmoidal foramen, FES frontoethmoidal
suture, /OFIP 10OF isthmus promontory, MES maxilloeth-
moidal suture line, OPE orbital plate of ethmoid, OPFB
orbital plate of frontal bone, OS optic strut, PEF posterior
ethmoidal foramen, PLC posterior lacrimal crest, SF'S sphe-
nofrontal suture, STS spheno—temporal suture, ZFF zygo-
maticofacial foramen, ZSS zygomaticosphenoid suture.
(c—e) Banana visualization of the geometric concept—both
orbits. Likewise pealing bananas, the complex 3D orbital
walls are translated into a 2D structure (Idea: C. P. Cornelius,
Realization: Klaus Volcker, Regensburg). (f) Geometric
scheme of the orbit—a quadrangular pyramid converts into
a tetrahedron posteriorly. Accordingly, the frontal cross sec-
tion in the apex is triangular. Dot matrix = posteromedial
bulge (With permission from Orbital Fractures ISBN
0-88937-139-3 and ISBN 3-8017-(now Hogrefe Publishing),
www.hogrefe.com)
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10
Sphenoid Bone—Constituent

of the Upper, Medial, and Lateral
Orbital Wall

The sphenoid bone with its cuboidal body at
the center and three pairs of outstretched

SZS/ZMN

temporal
surface

- ‘f orbital
surface @

Fig. 2.2 Main features of the sphenoid from different
aspects (a—d). The apices of the orbit are identical with the
bony core regions around the SOF on both sides of the sphe-
noid body. (a) Sphenoid—anterior view—inset lower left
corner: flying insect or bee like appearance. Note: ‘Posterior
ethmoid air cells’ invading the upper anterior surface of the
sphenoid body — correlating to ‘Onodi’ cells. FR foramen
rotundum, LPP lateral pterygoid plate, LWS lesser wing of
sphenoid, MS maxillary strut, OSS opening of sphenoid
sinus, PP pterygoid process, PPF pterygopalatine fossa, SR
sphenoid rostrum, SZS/ZMN sphenozygomatic suture/zygo-
matic margin, VC vidian canal/pterygoid canal. (Bee inset
with permission from https://surgeryreference.aofounda-

C.-P. Cornelius and P. J. J. Gooris

wings or leg-like processes, respectively, can
be appreciated as the principial constructive
element of the skull base. It has often been
considered as the most complex polymorphous
bone of the human skeleton (Figs. 2.2a-d
and 2.3).

tion.org). (b) Sphenoid—Superoanterior view. ACP anterior
clinoid process, PCP posterior clinoid process, HAM hamu-
lus, JS jugum sphenoidale/sphenoid yoke, LIOFM lateral
inferior orbital fissure margin, SR sphenoid rostrum, ZFS/
ZMN zygomaticofrontal suture/zygomatic margin. (c)
Sphenoid—Superior view—Inset lower left corner: flying
bat like appearance. CAG carotid artery groove, DS dorsum
sellae, FO foramen ovale, FSM foramen spinosum, HF
hypophyseal fossa, SOM squamous margin. (Bat inset with
permission  from  https:/surgeryreference.aofoundation.
org). (d) Sphenoid—Posterior view. DS dorsum sellae, GLO
groove in the lateral orbit, LPP lateral pterygoid plate, PCS
prechiasmatic sulcus, PF pterygoid fossa
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LIOFM

ZFS/

FMN

Fig. 2.2 (continued)

Its front view silhouette has the appearance of a
wasp (Fig. 2.2a). Because of this appearance, a
common term for it was “sphecoid” bone, accord-
ing to Ancient Greek o@fE (sphéx ~ “wasp” or
“hornet””) which was used every now and then from
the beginnings of medical science in Greco-Roman
antiquity until the nineteenth century. The tale (his-
torically unconfirmed) is still bandied that the c in
sphenoid was erroneously confused with an n
resulting in sphenoid which has the meaning of
oonv (sphénoeid ~ “wedge”) in the publishing pro-
cess of an anatomy textbook and never set right
again since then [3, 4]. The triangular lesser wings
(alae minores) of the sphenoid (LWS) extend from
the superolateral aspect of the body to form the

upper border of the superior orbital fissure (SOF),
the most posterior part of the orbital roof, and the
posterior ridge of the floor of the anterior cranial
fossa on either side (Fig. 2.2a). The greater wing
(ala major) of the sphenoid (GWS) separates the
orbit from the middle cranial fossa and is part of the
vertical pterygomaxillary buttress. Each GWS is
attached on the lateral aspect of the body by a radix
(root). The GWS can be conceived as assembled of
three divisions (anterolateral/posterolateral/infe-
rior) which are arranged along and below a vertical
compact pillar with a triangular horizontal cross
section, nowadays called the sphenoid door jamb
(SDJ see later). It ensues a complicated 3-dimen-
sional configuration of two adjacent corners
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exhibiting several external and cerebral (internal/
endocranial) surfaces. The external medial surface
of the anterolateral division corresponds to the
plane posterior portion of the lateral orbital wall.
The external lateral surface of the same division is
docked close to its anterior border at a T-junction by
the posterolateral division. The external surfaces of
both the anterolateral and posterolateral divisions
blend to form parts of the concave medial boundary
of the temporal fossa and the external lateral orbital
wall. The inferior GWS division spreads under-
neath the other two divisions starting posteriorly
from their vertical intersection (Fig. 2.2¢, d). The
upper surface of the inferior division conforms to
the floor of the medial cranial fossa which is bor-
dered anteriorly and laterally by the cerebral sur-
faces of the vertical GWS divisions moreover. The
bottom surface of the inferior GWS division cir-
cumscribes the infratemporal fossa. Axial cross sec-
tions unveil the posterior GWS as a central trigone
with a spongious bony space between the orbital,
temporal, and cranial cortical surfaces (Fig. 2.15b).
This potential space for surgical decompression is
termed the sphenoid door jamb (SDJ). The superior
orbital fissure (SOF) is a gap between the LWS and

FB
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Fig.2.3 Sphenoid within the cranial fossae—Endocranial
surface view. Skull pitched downward posteriorly to bring
the OFC, SOF, and Foramen rotundum into view. COF
left > right. Note: foramen caecum (FC), crista galli
(CGA), and cribriform plate (LC); bony spicule on the
floor surface of the anterior cranial fossa. Identify Pterion
region inside skull and groove in the lateral orbit (GLO—
[2]). The sphenoid entity made up of the body, orbital api-
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the GWS. The lower end of the SOF is bounded by
the maxillary strut; this is a bony bridge across the
foramen rotundum and integral part of the upper
GWS radix. The paired pterygoid processes project
bilaterally from the inferior aspect of the sphenoid
body and its connection to the GWS downwards. It
is the base of the lateral pterygoid plate (lamina)
that fuses with the root of the GWS in a longitudinal
direction. The medial and lateral pterygoid plates
band together along the upper portion of their ante-
rior delineations to form the posterior concavity of
the pterygopalatine fossa (PPF). The anterior bot-
tom portions of the pterygoid plates remain set
asunder forming the pterygoid notch. The notch gap
is interposed by the solid inferoposterior end (pyra-
midal process) of the perpendicular plate of the
palatine bone. The suture line arrangements differ
and are collectively addressed as the pterygopala-
tine fissure.

The pterygoid fossa is the vertically oriented
open recess between the pterygoid process plates
viewed from the posterior aspect. The sphenoid con-
nects to all of the other cranial base bones (Fig. 2.3)
and to all bones of the facial skeleton except for the
lacrimal and nasal bones.

squamous part

orbital part
F

ces, GWS, LWS, and PPs assumes the role of a backbone
that defines the spatial relationships at the transition from
the face to the cranial base. ACF anterior cranial fossa,
CLIV clivus, FB frontal bone, /AO internal acoustic open-
ing, JF jugular foramen, MCF middle cranial fossa,
OCCB occipital bone—internal protuberance, PF'C poste-
rior cranial fossa, SBPT superior border of petrous part of
temporal bone
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Bony Orbital Apex—A Three-
Walled/Tetrahedron Spire

The orbital apex within the sphenoid bone needs
an elaborated description.

So far there is no unanimously consented
definition of the sagittal extent of the orbital
apex [5]. For the purposes here, it is regarded as
the most posterior projection of the orbital cav-
ity that starts in front of the level of the maxil-
lary strut or foramen rotundum with a narrow
triangular base in the frontal cross section
(Fig. 2.4a, b) and ends with a pointed tip within
the openings of the optic foramen or SOF,

respectively. The roof side of the orbital apex is
formed by the LWS, the medial side bordered by
the lateral surface of the sphenoid body, and the
lateral side adjoined by the GWS. The orbital
floor with the orbital surface of the palatine
bone at its posterior portion comes to a halt at
the posterior (rear) IOF sinkhole and does not
reach into the orbital apex (Fig. 2.4a, b). In gen-
eral, two openings can be distinguished within
the orbital apex, the optic foramen (OF) repre-
senting the intraorbital end of the optic canal
and the SOF. The optic strut (OS) constitutes the
inferolateral wall of the OC and separates the
latter from the SOF (Fig. 2.5a, b).

Fig. 2.4 (a) Exploded model of the left orbit. Red color
marking of the orbital apex which is three-walled spire in
contrast to the four-walled pyramid conforming the mid-
orbit and anterior orbit. (b) Left orbit—Anterior view.
Sutures disrupted, palatine, and ethmoid bones removed
to spotlight the triangular orbital apex in the back and to
expose the posterior (rear) IOF sinkhole. Inset (upper left

corner): Geometric outline of the orbital apex. LOM lat-
eral orbital margin, FZP fronto—zygomatic process,
IOMN/IPZ infraorbital margin/infraorbital process of
zygoma, NN nomen nominandum, ZFF zygomaticofacial
foramen, ZMS zygomatico—maxillary suture. (Inset with
permission from https://surgeryreference.aofoundation.
org. Copyright by AO Foundation, Switzerland)
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Fig.2.5 (a) Architecture of the entire orbital fissure sys-
tem (right—capital “L”—mirrored image. (—for unmir-
rored L on the left side—see Fig. 2.4b) extending into the
orbital apex and optic canal—anterior close-up view of
the major bony pathways in and out of the orbit. ALIOF
anterior loop of inferior orbital fissure, EB ethmoid bone,
IOFRS inferior orbital fissure rear sinkhole, JOFIP infe-
rior orbital fissure isthmus promontory, MES (~ 10S)

Frontal Bone—Orbital Roof
Constituents

The unpaired frontal bone features external
and cerebral surfaces on the sides of a large
squamous vertical forehead part (squama fron-
talis), a nasal part, and two horizontally ori-
ented orbital parts. Each orbital part passes
backward behind the supraorbital rim and con-
figures the superior wall (roof) of the orbit in
unison with the floor of the anterior cranial
fossa to a major extent (Fig. 2.6). The posterior
margin of the orbital part articulates with the
LWS, which forms a minor most posterior roof
portion congruous with the roof of the apex.
The posterolateral orbital part margin connects
with the upper edge of the GWS along the
sphenofrontal suture line (Fig. 2.7). The
anterolateral orbital part brings up the zygo-
matic process and joins with the orbital plate
and the temporal process of the zygoma along
the frontozygomatic suture line. The orbital
roof has the outline of an isoceles triangle that
bends up into a concavity. The lacrimal fossa is

maxilloethmoidal suture line (~ inferomedial orbital
strut), SPB sphenoid body. (b) Junction of orbital apex
and lateral sellar region/middle cranial fossa (right)—Ilat-
eral view. The infraoptic groove (sulcus), tubercle, or
canal is the origin of the common annular tendon (Zinn’s
ring). IFC infraoptic canal, MAS maxillary antrum/sinus,
OPPB orbital plate of orbital process of palatine bone,
SPF sphenopalatine foramen

a shallow depression in the anterolateral roof
for the lacrimal gland. The trochlear fovea con-
forms to the anteromedial adherence zone of
trochlear fiber condensations.

The ethmoidal notch is a cove-like slot in
between the two orbital plates with a quadrilat-
eral outline, from an endocranial view it is located
in the central region of the anterior cranial fossa.
Anteriorly the frontal notch turns into the nasal
process of the frontal bone (frontal beak) with a
serrated margin on either side of the superior
nasal spine, a sharp downward process in the
midline. The nasal margins articulate with the
nasal bones and the frontonasal maxillary pro-
cesses. The anterior and superior borders of the
lacrimal bone connect to the frontonasal maxil-
lary process and to a small strip of the notch mar-
gin just behind its anterior corner. In the intact,
articulated cranium the interorbital slot is filled
by the cribriform plate and the crista galli of the
ethmoid bone. The margins of the notch contain
several partially opened sinus cells, which have
their counterparts in the upper surface of the eth-
moid. The sandglass- or two-funnel-shaped fron-
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Fig. 2.6 Frontal bone—Anteroinferior view. Orbital sur-
faces and orbital rims are passing backward. Nasal margin
roughly serrated with nasal spine situated medially.
Supraorbital openings shaped as notches; Ethmoidal
notch bordered with roofs of ethmoidal air cells. GLAB

Fig. 2.7 Articulation of frontal bone and sphenoid—
Anterior view. The orbital roof is built up including the
LWS. The GWS provides the posterior part of the lateral
orbital wall. FEF frontal eminence of frontal bone, IFF
infratemporal fossa

glabella, LF lacrimal fossa, NMF nasal margin of frontal
bone, NPF nasal part of frontal bone, NSP nasal spine,
SMF sphenoidal margin of frontal bone, TRF trochlear
fovea, ZMF zygomatic margin of frontal bone

tonasal communication and drainage tract
presents with an isthmus (frontal ostium) caudal
to the bottom of the medial floor of each sinus.
The cranial funnel of the tract is accommodated
within the confines of the anterolateral notch
margin and proceeds further downwards in the
niches between the nasal margins and the supe-
rior nasal spine to reach into the frontal recess or
the ethmoidal infundibulum [6-8]. The exten-
sions of the frontal sinus over the orbital roofs
and behind the squamous part of the frontal bone
can be intensively pneumatized. The two tables
of bone can be extremely thin and may contain
dehiscences, so that the periorbita in the roof is in
direct contact with the dura mater. The aeration
patterns of the frontal sinus show great gender

and interindividual variations in number,
dimensions, outline, symmetry, septation, and
laterality.

The superior orbital wall (roof) to its greatest
extent consists of the orbital part of the frontal
bone (Fig. 2.8). The most posterior minor portion
at the apex is formed by the lesser wing of the
sphenoid. The orbital roof takes a triangle shape
bent up into a dome.
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Fig. 2.8 Orbital roof (right) — Inferior view. OCR opti-
cocarotid recess, SB sphenoid bone, SDJ sphenoid door
jamp, TR trigone (GWS)

Ethmoid, Lacrimal Bone
and Frontonasal Maxillary
Process—Constituents

of the Medial Orbital Wall

The medial wall of the orbit is part of the centro-
facial or naso-orbito-ethmoido-nasal unit. It is
built up by the sphenoid, ethmoid, lacrimal bone,
and the maxilla in a posterior to anterior order
(Fig. 2.9).

The lateral wall of the sphenoid body is lined
up in front with the lamina papyracea, the paper-
thin orbital plate of the ethmoid, and the lateral
surfaces of the lacrimal bone and the naso-frontal
maxillary process (NFP). The unpaired ethmoid
(ethmoidal bone) is located between the two
orbits. It contains the ethmoid sinus cells and is
forming parts of the nasal and the orbital cavity.
The ethmoid bone is built up of the perpendicular

plate along the sagittal plane with the crista galli
at the upper end (Fig. 2.10a—e). The perpendicu-
lar plate corresponds to the bony nasal septum.
The cribriform plate extends on each side of the
upper perpendicular plate margin in kind of the
bar of a T-beam profile. The ethmoidal labyrinths
refer to honeycomb arrays of small air cells hang-
ing downwards from the lateral bounds of the
cribriform plates. The ethmoidal air cells vary in
number and volume on each side and extend in
the orbital (i.e., edges of the ethmoidal notch)
and squamous part of the frontal bone (Fig. 2.11),
occasionally into the sphenoid and into frontona-
sal process of the maxilla, too. The paramedian
portions of the cribriform plate form the roof of
the nasal cavity. The rudimentary supreme, the
superior, and the middle nasal turbinates (con-
chae) go down from the medial side of each laby-
rinth. The boundaries of an ethmoidal labyrinth
are often reviewed for didactical illustration in
analogy to the sides of a matchbox cover stand-
ing on its small longitudinal side (Fig. 2.10a).
The box cover is closed posteriorly with the fron-
tal surface of the sphenoid body. In addition to
the already open anterior entrance the bottom
side of the box is absent in accordance to the
open sides of the middle nasal meatus. The lateral
wall of the box represents the orbital plate, which
is identical with the large rectangular center piece
of the medial orbital wall. The orbital plate is
paper-thin (lamina papyracea) and transparent, so
that the contours of ethmoidal air cells become
visible through it (Fig. 2.12). The lower lateral
wall of the box or in other terms the inferior
ethmoidal cells are adjacent to the medial roof
side of the maxillary sinus. The medial wall of
the labyrinthine box corresponds to the upper and
middle turbinates in alignment at the lateral wall
of the inner nose (turbinal wall). The curved basal
(ground) lamellae of the superior and middle tur-
binates fuse with each other and intermingle with
the air cell septa network buttressing the paper
plate medial orbital wall. The basal lamina of the
middle turbinate also reinforces the maxilloeth-
moidal suture resulting in a firm bony thickening,
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Fig. 2.9 Bony constituents of the right medial orbital
wall—Right inferolateral view. The ethmoid (red colored)
with the lamina papyracea makes up the large center part
of the ensemble of the sphenoid, ethmoid, lacrimal bone,

which is referred to as the inferomedial orbital
strut (I0S) (Fig. 2.24a, b).

Clinical Implications

Significance of morphologic properties of
the medial orbital wall:

Few and large-volume ethmoidal air
cells extending over larger areas of the lam-
ina papyracea are supposed to predispose
more fracture susceptibility of the medial
orbital wall, in contrast to a high-density
reinforcing honeycomb structure [9].

The small trapezoidal lacrimal bones have a
nasal and an orbital surface. They are located
right in front of the orbital plate of the ethmoid

and frontonasal process of the maxilla. ML maxillary line,
NB nasal bone, NFP nasofrontal process of maxilla, NLC
nasolacrimal canal, SS sphenoid sinus, ZMN zygomatic
margin

and close to the medial orbital wall across the
nasofrontal maxillary process (NFP).
Concurrently, they complete the lateral wall of
the anterior ethmoidal cells and are part of the
lateral wall of the nose where this is overlying the
tip of the middle turbinate. A vertical ridge, the
posterior lacrimal crest, protrudes along the
orbital surface and divides it into a smooth plane
posteriorly and into a carved out longitudinal
groove (lacrimal sulcus). The anterior margin of
this sulcus joins to the likewise grooved posterior
margin of the NFP and completes the entrance
into the nasolacrimal canal. The orifice at the ini-
tial canal section is widened and creating a fossa
for the lacrimal sac. The upper lateral slope of the
NFP carries the anterior lacrimal crest in parallel
to the anterior circumference of the canal inlet
zone.
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Fig. 2.10 (a) Graphic layout of the ethmoid—Left
anterolateral view. Illustration of main components. Red
contour silhouette indicates geometry of an ethmoidal
labyrinth. Inset: Matchbox comparison to review the sur-
faces of a labyrinth (see text). (Ethmoid sketch with per-
mission from https://surgeryreference.aofoundation.org).
(b) (Upper right): Ethmoid—Left anterolateral view.
Bony analogue to Fig. 2.9. Note: Anterior and middle eth-
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moidal air cells with open roof. LP lamina papyracea,
MNT middle nasal turbinate (Concha), PPE perpendicular
plate of ethmoid. (¢) (Middle left): Ethmoid—Posterior
view. Note: Posterior ethmoidal air cells open. (d) (Middle
right): Ethmoid—Inferior view. (e) (Low): Ethmoid—
Posterosuperior view. Labyrinthine air cells with open
roofs. LC lamina cribrosa/cribriform plate
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Fig.2.11 Frontal and
ethmoid bones—Frontal
and ethmoid bones from
superior view showing the
upper cerebral surfaces.
Articulation assembly.
The ethmoid air cells are
capped by apposition with
the roofs of the ethmoid
notch edges

Fig. 2.12 Medial orbital wall—lateral to medial view
offering a look into the OFC and the pterygopalatine fossa
along the medial IOF margin and retrotuber maxillary
region. Inset (upper left corner)—Vertical extent of the
postentry zone. Behind the infraorbital and supraorbital rim

The posterior lacrimal crest may be elongated
together with a small portion of the lower smooth
plane into a hooked process. This lacrimal hamu-
lus interdigitates with a corresponding notch of
the NFP at the caudal periphery of the canal
entrance.

(vertical green arrow). Lazy-S shape of ascending orbital
floor - undulation allusive only (green line). EBA ethmoid
bone/air cells, LPP lateral pterygoid plate. (Inset with per-
mission from https://surgeryreference.aofoundation.org)

Palatine Bone and Maxilla—Major
Constituents of the Orbital Floor

The palatine bone is interposed between the back of
the maxilla and the base as well as the medial and
lateral plates of the pterygoid process (Fig. 2.13a). It
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Fig. 2.13 (a) Osseous model set up demonstrating the
origin of the posterior ledge—the orbital process of the
palatine bone (red) is the rearmost portion of the orbital
floor with its orbital plate (‘facies orbitalis’’OPPB) (=
posterior ledge), it is contiguous to the upper end of the
perpendicular plate. Ethmoid bone (yellow), sphenoid
(turquoise) with GWS, LWS, and pterygoid process—
outer lamina and hamulus. (b) Posterior view of the max-
illae (swung out) to appreciate the orbital process of
palatine bones (red) as robust constituent of the posterior
orbital floor. CCPB conchal crest of palatine bone, HPPB
horizontal process of palatine bone, /T inferior turbinate,
PPPB perpendicular process of palatine bone, SPFG
sphenopalatine foramen/groove. (¢) Right palatine bone—
view from the front. OPPB orbital process of palatine

bone, PYRPB pyramidal process of palatine bone, SPNPB
sphenopalatine notch (palatine bone), SPPB sphenoidal
process of palatine bone. (d) Right palatine bone—view
from above in anteroposterior orientation. PNS posterior
nasal spine. (e) Pair of isolated palatine bones oriented in
an oblique antero-posterior direction resembles antlers.
The smooth surface of the orbital plate at the top of the
right orbital process (OPPB) breaks off at a distinct edge
posteriorly and converges into the front wall of the rear
sink of the inferior orbital fissure (IOFRS). MPPB,
Maxillary Process of Palatine Bone; GPG, Greater
Palatine Groove. OPPB Detail-Inset (upper right corner):
edged demarcation line between the posterior end of
orbital floor and IOF rear sink (green line grid) surfaces
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PYRPB
superior

anterior posterior

inferior
Fig. 2.13 (continued)

contributes to the posterior lateral wall of the nasal
cavity, the hard palate, the PPF, and the orbital floor
in an intriguing configuration. Basically, the pala-
tine bone consists of a vertical part (perpendicular
plate) with a medial oblique orientation and a hori-
zontal part or plate providing the posterior hemi-
hard palate portion. The upper end of the
perpendicular plate is overtopped by the orbital and
sphenoidal processes. The orbital process of the
palatine bone (OPPB) is situated at a higher level
than the sphenoid process and projecting anterosu-
periorly. It is based on a neck narrowed by the half-
oval sphenopalatine notch (SPNPB) at the posterior
aspect which also sets it apart from the sphenoidal
process that is attached at the inferior margin of the
notch and diverges medially and upwards. The

HPPB

nasal surface

A ol g
£ ‘s;;,//

orbital process presents with five surfaces in total.
The anterior surface connects with upper medial
end of the posterior surface of the maxilla. It is com-
mon to refer to the superior surface of the orbital
process of the palatine bone, as to the orbital plate of
the palatine bone (OPPB) more briefly. The OPPB
is triangular in shape and sloping slightly upwards
in combination with a downward tilting laterally
(Fig. 2.13b—d). Since the OPPB conforms the rear
end of the orbital floor, that is often preserved in
defect fractures and may serve as support in surgical
reconstruction therefore, it is simply addressed as
the “posterior ledge” in surgical jargon. The remain-
ing three surfaces are directed either posteriorly to
abut the anterior sphenoid body, or medially to join
with the ethmoid and laterally toward the pterygo-
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palatine fossa (PPF). The orbital process may
enclose an air cell, which is open either to the sphe-
noid sinus, the posterior ethmoidal cells or with
both at once [10-12]. The sphenoidal process
attaches to the medial base of the pterygoid process.
The anterior border of the sphenoidal process
bounds the posterior SPNPB margin, while the
anterior notch margin is molded by the posterior
neck of the orbital process (OPPB).

The sphenopalatine foramen (SPF) has a pos-
teromedial angulation to the sagittal plane. The
SPF results from the union of the inferior surface
of the sphenoid body with the superomedial mar-
ginal SPNPB circumference. The communica-
tion between the PPF and the posterior nasal
cavity is via the SPF. In topographical relations,
the bony SPF surroundings form the medial wall
of the posterior (rear) IOF sinkhole and the verti-
cally oriented surface descending from the poste-
rior OPPB border.

Clinical Implications

The position of the posterior ledge in terms
of linear distances between the infraorbital
margin above the infra-orbital foramen and
landmark points at the OPPB, the anterior
SOF and ventrolateral entrance of the OFC
has been assessed in a CT-based cohort
study as a guideline for the safe surgical
approach in the repair of inferomedial
orbital wall fractures [13].

The potential of an OPPB resection for
expansion of the surgical corridor in the
endoscopic approach to the orbital apex
has been checked in a morphometric analy-
sis of the area dimensions in macerated
skulls [14].

The orbital surface of the maxilla (OSM)
makes up the largest part of the orbital floor [15].
It is the upper of a total of four surfaces of the
body of the maxilla (corpus maxillae) which con-
tains the maxillary sinus or the antrum (of
Highmore), respectively. Hence, the OSM is also
the ceiling of the antrum. The outline markings of
the orbital surface fit a smooth triangular plate,
which has an inclination angle of 45° to the
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horizontal plane. The posterior OSM border con-
verts into the rounded anteromedial IOF margin
and its consecutive vertical wall, which is inter-
changeable with the infratemporal surface of the
maxillary body. At its front, the anterior OSM
blends into the infraorbital margin (IMM). The
IMM extends into the lower part of the medial
orbital margin (MOMLP) and further on into the
nasofrontal maxillary process (NFP). Laterally,
the IMM terminates with the zygomatic process.
The lower part of the medial orbital plate of the
zygoma (OPZLP) provides a small anterolateral
flange to the orbital floor just behind the lower
lateral corner of the rim. A small bony depression
behind the lower medial corner of the rim and
immediately lateral alongside the nasolacrimal
canal is the origin to the inferior oblique muscle.

The NFP has a plate-like shape and is form-
ing part of the sidewall of the nose along the
upper lateral border of the piriform aperture. At
the cranio-medial end, the NFP articulates with
the frontal bone and the nasal bone (Fig. 2.14).

Fig.2.14 Maxillary building blocks in central midface—
Anterior view showing the maxillary processes and rela-
tionships to frontal bone, nasal bones, and ethmoid (red
colored). ANS anterior nasal spine, NA nasal aperture,
ZPM zygomatic process of maxilla
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The posterior margin raises the anterior lacrimal
crest (ALC) before it transforms into the lacri-
mal fossa and the entrance into the nasolacrimal
groove and canal (NLC), which emanate in com-
bination with the contours and borders of the
lacrimal bone.

The zygomatic or malar process is passing lat-
erally for articulation with the zygomatic bone.
This process rests on the zygomaticomaxillary
crest, a porch jutting out with a slightly arched
border from the junction of the anterior and infra-
temporal surfaces of the maxillary body that
extends upward at the level of the first upper
molar. The upper surface of this process is a
rough and serrated triangular platform that has a
downward angulation to the lateral side. The bor-
ders of this platform bring up the zygomatico-
maxillary suture lines together with the edges of
the medial undersurface of the zygoma
(Figs. 2.15a, b, 2.16b, and 2.17a, b). The orbital
floor is shorter in anteroposterior extent than the
three other orbitals walls and thus is missing in
the orbital apex (Fig. 2.15a, b).

The posterior or infratemporal surface of the
maxillary body covers the curving vertical area
between the posterior aspect of the nasal surface
to the lateral margin of the zygomaticomaxillary
crest (Fig. 2.15¢). The maxillary tuberosity is
bowing out backward from the lower lateral por-
tion of this surface. A small crescentic rough site
at the medial posteroinferior aspect at the junc-
tion of the posterior and medial surface is attached
to the maxillary process at the lateral surface of
the perpendicular plate of the palatine bone. The
greater palatine canal is formed by the apposition
of two obliquely oriented grooves descending on
each side of the bony interface.

The melding seamline along the upper border
of posterior surface is the link to the orbital
plate and corresponds to the anteromedial IOF
margin. This rounded hillslope at the back of the
seamline into the IOF rear sinkhole (IOFRS) is
engraved by the infraorbital groove (sulcus)
[16]. The infraorbital groove (I0G) often begins
with a deep U-shaped hollowing in the middle
of the posterior maxillary floor. It passes for-

ward over varying distances before it transforms
into a canal structure [17]. The infraorbital canal
(IOC) moves downwards and gets suspended on
a bony beam resembling a mesentery protruding
from underneath the orbital floor [18]. This con-
duit ends in the anterior antral wall usually with
a single infraorbital foramen (IOFN). In adults,
the foramen is located 7-10 mm below the
infraorbital margin and above the canine fossa
purportedly on a plumb line passing through the
mid-pupil.

Clinical Implications

The position and relative length of the
infraorbital groove and canal are supposed
to be predisposing factors to the occurrence
and pattern of fractures within the orbital
floor [19].

The medial or nasal surface is dominated by
the maxillary hiatus, a large irregular aperture to
the maxillary sinus, which is covered and down-
sized by the perpendicular plate of the palatine
bone posteriorly, the inferior turbinate inferiorly,
and the ethmoidal labyrinth—in particular by the
uncinate process—together with the lacrimal
bone superoanteriorly. The medial OSM border
is assembled alongside the maxilla-ethmoidal
suture line as part of the inferomedial orbital strut
(IOS) and comes up against the lower borders of
the lamina papyracea and the lacrimal bone [20].
The two paired maxillae are the largest bones in
the midface. Uniting below the nasal aperture at
the level of the anterior nasal spine and along the
midline of the hard palate, they aggregate to the
upper jaw (Fig. 2.14).

Apart from the body including the frontonasal
and zygomatic process, there are two other com-
ponents contributing to the overall architecture of
a maxilla, the horizontal palatine process, and the
alveolar process curvature. Altogether, these
components are involved in the structural organi-
zation of the orbital, nasal/paranasal and oral
cavities.
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Fig. 2.15 (a) Orbital floor (right)—anterocranial view
(lower margin tilted forward). The IOF communicates
with the infratemporal and pterygopalatine fossa. Rather
than a simple punched perforation in a shelf the IOF is
configured as a ravine with steep sides, sinkholes, and
affluents such as the foramen rotundum, pterygoid canal,
and inferior orbital groove. CIOF confluence IOF isth-
mus, OPZLP orbital plate of zygoma lower part, IOFRS
inferior orbital fissure rear sinkhole. (b) Orbital floor
(right) from above. The posterior end of the IOF ends in a
sinkhole in front of the maxillary strut. Thus, the orbital
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1OF

MES

floor does not contribute to the apex (= posterior orbit).
nasal/paranasal and oral cavities. (¢) Assembly of maxilla,
zygoma, and sphenoid bone (right)—inferolateral aspect
showing retrotubar and infratemporal region. The ravine-
like character of the IOF with robust posterior bony bor-
ders (TR and medial IOF margin) is confirmed. FIT fossa
infratemporalis, F'V foramen vesalii/sphenoidal emissary
foramen, IOFIP inferior orbital fissure promontory, LPP
lateral pterygoid plate, MB maxillary bone, ZB zygomatic
bone, ZTS zygomatica—temporal suture
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Fig. 2.16 (a) Right Zygoma—Lateral view. Convex outer
zygomatic surface. Note zygomatic-facial foramen (ZFF)
next to the reversal point along the curved margin in the
lower lateral orbital quadrant. A slight roll-shaped elevation
below the ZFF gives origin to the zygomaticus major mus-
cle. MMZ maxillary margin of zygoma, 7PZ temporal pro-
cess of zygoma. (b) Right Zygoma—Medial view. The two
portions of the overall orbital plate, the OPZ and the OPZLP

Fig. 2.17 (a) Zygomatic bones in closed lock position
between sphenoid and maxillae—anterior view of the
midface, LWS, and frontal bone removed. Follow the con-
nections along sphenozygomatic suture (SZS) lines and
zygomatic-maxillary suture (ZMS) lines/junctions. The

temporal
surface

(i.e., the anterolateral orbital floor) divide the orbital surface
from the temporal surface along the sphenozygomatic suture
line (SZS - see Fig. 2.4b). The rough keel-shaped area, the
maxillary margin (MMZ) is part of the broad bony interface
with the maxilla (ZPM—see Fig. 2.14), termed the zygo-
matic-maxillary suture (ZMS) line. ZOF zygomatico-orbital
foramen

anterior IOF loops are interposed in between the OPZ and
OPZLP. (b) Assembly of midface building blocks com-
pleted—Anterior view. Note: Ethmoid, vomer, and pala-
tine bones removed
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Zygoma—Constituent of the Lateral
Orbital Wall

The zygoma, malar, or cheek bone is the promi-
nent cornerstone of the upper lateral midface
(Figs. 2.4b and 2.16a, b). The orbital plate (facies
orbitalis) of the zygoma (OPZ) is directed pos-
teromedially at an angle of 45° toward the sagit-
tal plane. In conjunction with the vertical frontal
process (FPZ), the OPZ completes the lateral
orbital wall and makes up the lateral orbital mar-
gin (LOM) including the rim around the lower
lateral quadrant. Thereto the OPZ joins up with
the anterior GWS border along the sphenozygo-
matic suture line (SZS) (Fig. 2.17a), while the
zygomatic-frontal-suture line (ZFS) is the antero-
superior contact zone between the two according
frontal processes from above and below
(Fig. 2.17b). Anterior to the massive central tri-
gone of the GWS, the lateral orbital wall turns
into a monocortical layer with the SZS line
located in the thinnest portion. The indented bay
between the margins of the anterior loop of the
IOF partitions a small horizontally oriented lower
part (OPZLP) from the overall orbital plate. The
OPZLP conforms the anterolateral orbital floor
(Figs. 2.15a, b and 2.17a, b).

The orbital tubercle or Whitnall’s tubercle
[21] is a small roundly protuberance of 2 mm or
3 mm diameter on the inner OPZ immediately
(24 mm) in the marginal territory behind the
orbital rim and about 10-11 mm beneath the
ZFS. The tubercle gives attachment to the lateral
retinacular suspension complex. The marginal
tubercle (MTZ) corresponds to a spine at the pos-
terior upper edge of a FPZ widening that is occa-
sionally present somewhat below the ZFS.

The solid zygomatic body has a rhombus
shape and exhibits three further extensions in a
medial, caudal, and posterior direction. The
infraorbital process (IPZ) courses medially, while
the adjacent maxillary margin is beveled diago-
nally downwards and laterally to merge with the
tapering inferior tip of the zygoma (malar
tuberosity), at last the temporal process reaches
out backward to convey into the anterior zygo-
matic arch. The outer surface of the zygoma is
commonly addressed as the malar or oftentimes
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inappropriately as lateral surface. The inner sur-
face has been summed up as the temporal or
infratemporal surface without drawing any clear
distinction between the rear sides neither of the
orbital plate or frontal process, the zygomatic
body, or the temporal process.

A set of foramina with a network of intercon-
necting zygomatic channels perforates the OPZ
as well as the malar and infratemporal surfaces of
the zygoma. These foramina show a lot of varia-
tions from complete absence to multiplicity [22,
23]. The single or plural orifice(s) of the zygo-
matic-orbital foramen (ZOF) open(s) at the inner
surface of the anterior inferolateral orbital quad-
rant next to the IOF loop (Fig. 2.15b). The zygo-
matic-facial foramen (ZFF) is located within the
central range of the outer zygoma surface
(Fig. 2.16a). The zygomatic-temporal foramen
(ZTF) occupies an ascended position behind the
frontal process or the zygomatic body.

Clinical Implications

The sphenozygomatic suture line (SZS) is
an essential reference and reliable guide in
the reduction of the fractured zygoma and
consecutively for reestablishing of the
outer facial frame. For this purpose, the
lateral orbital wall is under intraoperative
control from inside the orbit for accurate
restoration into a flat continuous plane
[24, 25].

Anterior Orbit—Midorbit—
Posterior
Orbit (Apex)

It is still often used practice to divide the length
of the orbit into three-thirds according to the
anteroposterior extension. This division is intui-
tive and not based on acknowledged anatomical
references or appropriate metric distances
between consented measuring points or planes.
The orbital floor which is shorter than the other
three walls is often the only zone taken into con-
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Fig. 2.18 (a) Left orbital floor from above—Borderlines
between the anterior orbit (blue green)—midorbit (pink)
and posterior orbit (yellow) in relation to the IOF. The
dotted line indicates altered proportions, if the anterior
border of the orbital plate of the palatine process serves as

sideration and divided into three parts. Within the
perspectives of the entire orbit, this must lead to
confusion, since the apex with its triangular cross
section is usually regarded as the posterior part,
whereas the orbital floor extends over the remain-
ing two thirds of the orbital depth. A more prag-
matic approach is the partitioning into an anterior
orbit, a midorbit, and a posterior orbit (apex orbi-
tae) based on reproducible anatomic landmarks.

a point of reference. Inset (right lower corner)—orienting
view over both orbits. (b) Left orbit frontal view—points
of reference along the IOF and ensuing concentric. (a and
b with permission from https://surgeryreference.aofoun-
dation.org)

The IOF appears most suitable for the provision
of  reproducible  topographic  indicators
(Fig. 2.18a, b). A frontal plane at the level of a
tangent to the tip of the anterior IOF loop pro-
vides the boundary between anterior orbit and the
beginning of the midorbit. A second frontal plane
placed at the transition of the IOF into the SOF
anterior to the maxillary strut separates the mid-
orbit from the posterior orbit or the apex orbitae.


https://surgeryreference.aofoundation.org
https://surgeryreference.aofoundation.org
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In other words, the anterior orbit lies in front and
the posterior orbit in the rear of the IOF while the
midorbit corresponds to the anteroposterior
extent of the IOF. Obviously, this way of division
does not result in an even metric tripartition but
puts up the midorbit as the major component. The
IOF landmarks need extrapolation around the
entire orbital circumference, so that a series of
concentric circles for a topographical allocation
inside the orbit ensues (Fig. 2.18b).

Il. Craniomaxillofacial Transition
and Passageways

Fissures, Canals, Grooves, Foramina,
Notches, Fossae—Bony Openings
within the Precincts of the Orbit

Bony openings (canals, grooves, fissures,
foramina, notches) lend pathways for neural and
vascular linkages from the internal orbit to the
cranial cavity, infratemporal fossa, paranasal
sinuses, inner nose, and the face (Details see
Chap. 3).

Optic Canal (OC)

The optic foramen/canal (OC) opens into the
superomedial corner of the orbital apex, where
the posterior medial wall extension meets with
the roof. The canal has an elliptical cross section
(approx. Diameters 4-9.5 mm) over a length
between 5.5 mm and 11.5 mm. The optic fora-
men may lie posterior to the anterior face of
sphenoid sinus, though this position can differ on
the sides [26].

The posterior canal end is located medial to
the anterior clinoid process in the middle cranial
fossa. The conventional OC route (frequency
90%) courses along the lateral wall of the sphe-
noid and through the medial wall of the orbital
apex. The mean angle of entry is about 60° to
the coronal plane then. As a variant (frequency
10%), the OC enters the orbit through the roof
of the apex at a more acute angle of 32° to the

coronal plane [27]. Asymmetry of the optic
canals is not uncommon, however [28]. The
canal is formed by the sphenoid body inferome-
dially, by the anterior root of the lesser wing of
the sphenoid (LWS) superiorly and the optic
strut inferolaterally (Figs. 2.5a, b). The optic
strut (OS) is a bony abutment linking the sphe-
noid body and the anterior clinoid process,
which on account of its original designation as
“sphenoid strut” is considered as a posterior
[29] or lateral root [30] of the LWS. The antero-
posterior OS location in terms of attachment to
the sphenoid body relative to the prechiasmatic
sulcus varies and was classified as presulcal,
sulcal, and postsulcal [31, 32]. The OS angula-
tion varies over a wide range between 30 degrees
to almost 60 degrees. The OS dimensions mea-
sure about up to 8§ mm in length, up to 5 mm in
width and between 3 mm to 4 mm in thickness.
Optic canal variations include a duplication and
a keyhole anomaly at the inferolateral OS wall
[33]. The occurrence of a sphenoethmoidal cell
[34, 35] can further affect the OC disposition.
Onodi cells are particular posterior ethmoid air
cells that pneumatize the sphenoid body supe-
rior and lateral to the sphenoid sinus (Fig. 2.2a,
b) directly related to the OC and optic nerve
(CN 1I), respectively. The medial OC wall can
protrude the lateral portion of Onodi cell or the
OC can even pass through the middle of the cell
as a bony tube. The prevalence of Onodi cells is
reported as high as 60% in clinico-anatomical
studies.

Excessive pneumatization can also involve the
OS and the anterior clinoid process by lateral
extension from the opticocarotid recess [36]. As
the name implies, the opticocarotid recess [37]
refers to a small space between the prominences
of the OC and the carotid canal in the clinoid seg-
ment (C5) of the internal carotid artery [38].

The OS separates the OC from the superior
orbital fissure (SOF). The inferior OS border cor-
responds to the superomedial SOF border. The
minute infraoptic tubercle corresponds to a thick-
ening located just beneath the anterior base of the
OS [39]. It is the origin of the common annular
tendon (Zinn’s ring).
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Superior Orbital Fissure (SOF)

The SOF extends inferolaterally to the OC and
OS. It is frequently described as a club- or
L-shaped gap interposed between the LWS and
the GWS or the orbital roof and the lateral wall,
respectively (Figs. 2.5a, b, 2.7, and 2.8). It slopes
alongside the lateral apex wall inferomedially,
where it levels along the sphenoid body to reach
the top of the maxillary strut (MS). The MS is a
transverse bony bridge above the foramen rotun-
dum. At the lower end, the SOF margins blend
into the posterior outlines of the inferior orbital
fissure (IOF) (Fig. 2.19). The posterior (rear)
sinkhole of the IOF (IOFRS) separates the lower
SOF end from the orbital process of the palatine
bone anteriorly, however.

The inferomedial portion of the SOF has a
widened configuration next to the sphenoid body
that becomes narrower toward the superolateral
end between the LWS and GWS [29, 40-42]. The
lateral SOF margin is projecting somewhat more
anteriorly than the medial margin, so that the
SOF outlines do not lie in a strictly coronal plane.

Midway between the narrow and broad SOF
partition the lateral (GWS) margin of the SOF
may exhibit the lateral rectus spine (spina rectus
lateralis—SRL). If present (frequency 60%), the

form of this bony spur can vary from pointed as a
tubercle over a tongue-shaped, rectangular, or
irregular projection to two spines [43]. The spur
serves as attachment site of the lateral part of the
common annular tendon (Zinn’s ring), more spe-
cifically the tendon of the lateral rectus muscle
(LRM) and/or an additional tendinous LRM slip.
An irregular projection or a double spine may be
due to a bipartite tendon insertion.

The medial SOF margin is formed by the OS in
its upper part, the lateral surface of the sphenoid
body borders the lower part. The cavernous seg-
ment (C4) of the internal carotid artery (ICA) is
indicated by the carotid groove (sulcus) running
an S-shaped course (i.e., “carotid siphon”) along
the lateral surface of the sphenoid body. This part
of the ICA is implemented in the cavernous sinus
and covered by its lining membrane.

Coming from a bend at the posterior clinoid
process, the C4 ICA segment passes forward to
curve upward posterior to the medial SOF edge
and the OS on to the medial side of the anterior
clinoid process.

The crescentiform SOF shape has been classi-
fied in up to nine different basic types [44, 45]
with different prevalence and metrics. The mor-
phological types appear to have a bearing on the
topography of soft tissue structures within the

Fig. 2.19 Lateral orbital wall—Medial View. Inset—
Oblique medial view. The lateral orbital wall consists of
the GWS posteriorly and the orbital surface (,facies’) of

the zygoma anteriorly. COCH cochlea, FS frontal sinus,
MF mandibular fossa, STP styloid process, ZA zygomatic
arch
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SOF opening [46]. The SOF is the major com-
munication between the internal orbit and the
medial cranial fossa. The dura mater lining of the
middle cranial fossa and the cavernous sinus are
continuous with the periorbita via the SOF. The
periorbita within the orbital apex and the fibrous
components enfolding the densely packed neuro-
vascular structures passing through the OC and
SOF fuse to Zinn’s ring or more precisely to the
common circular connective tissue funnel, which
is the origin of the four extraocular rectus mus-
cles. Zinn’s ring subdivides the SOF into three
individual hubs according to a superolateral, cen-
tral, and inferior section (Chap. 3).

Cranio-Orbital Foramen (COF)

The COF is laying either in the GWS or the orbital
surface of the frontal bone close to the superolat-
eral extremity of the SOF near or within the sphe-
nofrontal suture line. The COF may also merge
with the tip of the SOF ending in kind of an
incompletely separate foramen. Synonyms in use
for the COF are orbito-meningeal foramen, lacri-
mal foramen, sphenofrontal foramen, and anasto-
motic foramen [47]. The foramina may be single
or multiple, whereby multiple refers to 1 or 2
accessory foramina. Numerous possible permuta-
tions result from unilateral or bilateral occurrence
and from differences of the number between the
sides [48-50]. COF are not consistently present;
reported incidences range from 30% to 85% with
an average of 50% [51]. The shape of a COF is
usually circular, rarely oval. The COF diameters
usually vary between 0.3 and 2.5 mm. If acces-
sory foramina are present, the diameter of the
main COF is comparatively larger.

Larger COF communicate with the cranial
fossa through a short conduit and join the orbit
either to the anterior (A-subtype) or middle
(M-subtype) cranial fossa [52, 53]. Smaller
foramina are mostly blind-ending. The orbital
branch of the middle meningeal artery (MMA),
in general with a comitant vein, is transmitted
through the COF (Figs. 2.2a, d, 2.3, and 2.7) or as
an alternative through the superolateral SOF. This
vessel is inconstant (frequency 40-50%) and
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anastomoses with the lacrimal artery (LA) branch
of the ophthalmic artery (OA) as a common
branching pattern (see Chap. 3).

The vascular pattern of arteries entering or
leaving the orbit through the COF or the SOF
demonstrates great diversity [52, 54]. Variants
apart from the above-mentioned meningo-
lacrimal connection (MMA-LA) are a meningo-
ophthalmic anastomosis (MMA-OA) for the
collateral vascular supply of the orbit or there are
recurrent vessel courses back from the orbit to
the middle cranial fossa originating from the LA
or OA to the MMA or through a network of small
branches for the vascularization of the meninges
and tentorium. Meningo-lacrimal and meningo-
ophthalmic arteries may run in parallel with dis-
crepancies in diameter.

An anomaly paramount to note is the origin of
the OA from the MMA as the sole vascular source
of the orbit (estimated frequency 1%), when the
usual OA exit from the ICA is either absent or
obliterated [54-58]. An unusually large-sized
COF (diameter 3—4 mm) should be considered as
a warning sign that a vessel of the same size
might be the major or the sole blood supply to the
orbit [59]. Without any doubt, the exact COF
location is of relevance to prevent complications
(hemorrhage/erroneous ligation of a terminal
vessel connection/amaurosis) during subperior-
bital dissection of the deep lateral orbital wall.

A plenty of morphometric studies have
addressed the COF distances to the lateral or
medial SOF end, the FZS, the superior orbital
notch, and Whitnall’s orbital tubercle [53, 60].
The FZS appears as the most suitable landmark
for surgical purposes and its distances to COF
have been recorded in almost every of the existing
studies showing values between 22 and 35 mm
depending on the ethnicity of the sample.

Clinical Implications
Caveat:

If the provenance of a larger vessel pass-
ing across the COF or the narrow supero-
lateral SOF has not been unequivocally
clarified, one should refrain from perform-
ing a ligation.
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The presence of a groove on the lateral wall of
the orbit (Fig. 2.3) running between the SOF or
COF and the IOF (frequency 30-70%) has been
associated with the course of an anastomosis
between the MMA and infraorbital blood vessels
[2, 61]. This could not be confirmed later and the
groove has been considered as an abrupt thinning
of the bone [47].

Inferior Orbital Fissure (IOF)

The IOF prototype outline corresponds to a sil-
houette reminiscent of a cat-tongue chocolate or
a double-ended spoon with a short intermediate
handle inside the orbit. Though overall, it is a
complex 3D opening of varying shapes [62]
(Fig. 2.15a—). The IOF separates the floor por-
tion of the midorbit from the lateral orbital wall
and provides passageways and portals for ves-
sels, nerves, or fat pads to the pterygopalatine,
infratemporal, and temporal fossa [63, 64]. The
long IOF axis runs a posteromedial to anterolat-
eral route starting at the maxillary strut and
extending to the tip of a loop in between the
upper lateral and lower anteromedial orbital sur-
faces of the zygoma. Occasionally, this part of
the zygomatic-orbital flange is absent, so that the
loop ends after the IOF margins formed by the
maxilla and GWS have joined at an anterior junc-
tion. Posteromedially, the body of the sphenoid
and the palatine bone contribute to the rear IOF
sinkhole (IOFRS). The foramen rotundum opens
into this sinkhole, which is continuous with the
lower SOF along a floored level above the maxil-
lary strut.

The narrowing in the center of the IOF origi-
nates from a crescent-shaped overhang (“isthmus
promontory”) (IOFIP) of the orbital floor next to
the surface of the palatine bone.

Morphometric data of the IOF are rather
scarce. An often-cited study performed on dry
skulls went for average IOF dimensions [62]. The
IOF covered a mean area of 60 + 40 mm?* with a
range of 2mm? to 232 mm?. The longest distance
from the posterior sinkhole to the anterior loop (=
diagonal length) had a mean of 18.2 £ 4.9 mm
(range 2.8-32.4 mm). The span between the isth-

mus promontory to the GWS margin (= narrow-
est borders) amounted to a mean of
1.9 mm + 1.3 mm (range 0.2—6.6 mm). The width
of the anterior IOF loop (= widest distance) was
5.7 + 2.6 mm (range 1.5-17.4 mm). The range of
values allowed a distinction into eight IOF types,
which had different frequencies.

However, these findings need to be treated
with caution because the measurements derived
from photographs taken from an anterior view at
an angle of 78° degrees to the horizontal. This
angulation obstructs the view in particular into
the rear IOF sinkhole due to the isthmus promon-
tory sticking out in the foreground.

The obvious consequence is that the values do
not reflect the true size and shape variants. A
more realistic outcome might have been yielded
from a perpendicular view onto the IOF from a
basal sight onto to the IOF outline in the temporal
fossa (Fig. 2.15¢) or a look from inside the orbit
either with an 90 °angulated endoscope or an
axial cut of 3D reformatted CT scans.

It is of note that the term posterior or rear IOF
sinkhole in this text replaces what has been previ-
ously labelled posterior basin of the IOF in
related papers of our group [65, 66]. Originally,
the designation basin of the inferior orbital fis-
sure had been referred to a conceptual area of
thick bone in the lateral orbit amenable to removal
in decompression surgery [67]. Pertaining to this
original meaning the IOF basin consists of a bony
area corresponding to the lower part of the orbital
flange of the zygoma including the posterior por-
tion of lateral orbital rim at the same vertical
level and reaching medially all the way to the
zygomaticomaxillary suture or even over it into
the lateral portion of the maxillary sinus.

Foramen Rotundum (FR)—
Maxillary Strut (MS)

Unlike suggested by its name, the foramen rotun-
dum is not a foramen but a short canal structure
that penetrates the common base of the lateral
pterygoid plate and the GWS (Figs. 2.2a, d, 2.3,
2.4b, 2.5b, and 2.7) in the upper portion of the
PPF and near to the transitional region between
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the orbit and the cavernous sinus via the SOF. The
medial canal border is formed by the lateral wall
of the sphenoid sinus. The FR is the path of com-
munication for the maxillary nerve (CN V2)
between the middle cranial and the pterygopala-
tine fossa (PPF). The FR/canal is not easily
accessible in intact dry skulls, so that quantitative
measurements are all CT based on axial and cor-
onal sections on patient series. The length of the
canal has an average of 6.3 mm (range
2.1 mm-10.8 mm) with a mean diameter of 2 mm
(0.8-4.4 mm) and an intercanal distance to the
pterygoid canal (PC) of 2.6 mm (range
0-8.8 mm). These indicative measurements from
a retrospective study on 50 patients [68] show
disparities to similar studies [69-71], which are
explained by difficulties to determine the anterior
and posterior limits of the canal accurately due to
angulated planes of the in- and outlets. The canal
usually runs a course from behind in an anterolat-
eral downward direction and can assume various
types. These FR/canal types differ with regard to
their placement in the sphenoid bone, at or within
the sinus wall or as a conduit inside the sinus
[72]. The vertical and transverse position of the
FR/canal can be located above the base of the
lateral pterygoid plate coinciding with the base of
the lateral pterygoid plate (frequency 50%) or
with a medial (47%) or lateral offset (3%) from
the midline [72]. A rare but not negligible variant
is a branching of a canal from the lateral wall of
the foramen rotundum that opens into the orbit
(Iength 5 mm, diameter 0.2-0.5 -1.0 mm). This
canal is straight and directed slightly superolater-
ally and likely transmits the zygomatic nerve
and/or a portion of the infraorbital nerve [73].

The maxillary strut (MS) relates to the bony
bridge across the foramen rotundum (FR). An
accessory small foramen going through the MS is
rarely present and not to be confused with the FR
[74].

Pterygopalatine Fossa (PPF)—
Sphenopalatine Foramen (SPF)—
Pterygoid Canal (Vidian) (VC)

By convention, the PPF is the larger space anteri-
orly bounded by the curving backside of the max-
illa, posteriorly by the fused front of the pterygoid

process plates together with the base of the sphe-
noid bone and anteromedially by the perpendicu-
lar plate of the palatine bone [12, 75].

The PPF (Fig. 2.5, 2.12, and 2.15) represents a
central transit hub connecting within the facial
skeleton [76] via the:

e Pterygomaxillary fissure—to the infratempo-
ral fossa (maxillary artery),

¢ Foramen rotundum (FR)—to the MCF (CN
V2),

* Inferior orbital fissure (IOF)—to the posterior
midorbit (CN V2),

e Sphenopalatine foramen—to the posterior
nasal cavity (sphenopalatine artery/posterior
superior nasal nerve branches of pterygopala-
tine ganglion—PPQG),

e Pterygoid (Vidian) canal—to
(greater and deep petrosal nerves),

e Greater (“pterygopalatine”) (GPC) and lesser
palatine canal—to the oral cavity (major and
minor palatine neurovascular bundles).

the MCF

From the lateral view, the PPF looks like a
narrow space tapering inferiorly to form the
greater palatine canal.

The lateral opening of the PPF, named the
pterygomaxillary fissure (PMF), has a sharp-
edged posterior border. This is formed by the lat-
eral margin of the anterior surface of the base of
the pterygoid process and inferiorly by the fused
pterygoid plates. The anterior PMF border is
more evasive owing to the convex contour of the
posterior wall of the maxillary sinus [12]. A vari-
ety of PMF types and sizes has been reported
[77].

The sphenopalatine foramen (SPF) connects
the superior part of the PPF with the posterior
nasal cavity. The SPF and its thin-walled constit-
uents, the sphenopalatine notch (SPN), and the
inferior margin of the sphenoid body are angu-
lated in an anterolateral plane, so that the SPF is
located anterior to the opening of the Vidian
canal into the PPF [12]. The Vidian Canal (VC)
traverses the base of the medial pterygoid plate
from the anterior border of the foramen lacerum
to the exit in the posterior PPF (Figs. 2.2a, b,
2.4b, 2.5b, 2.7, and 2.17b).

Analogous to the FR, three VC types can be
distinguished as completely embedded in the
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sphenoid bone under the floor, through the floor
or protruding into the sphenoid sinus and within
the sinus [72, 78]. These conditions are undoubt-
edly correlated to the type and degree of SS pneu-
matization [79]. A myriad of studies is dealing
with the morphometry of the VC, FR, and their
surroundings (e.g., [71, 72, 80-87]) due to their
utmost importance as a landmark in endoscopic
skull base surgery. A metanalysis of this immense
data pool is beyond the scope of this article.

Ethmoidal Foramina (EF)

The EF are the funnel-shaped openings of the
ethmoid canals (EC). The EF are laid out in an
anterior—posterior row alongside the frontoeth-
moidal suture (FES) line (Figs. 2.5a, 2.11, and
2.12). As a common finding, there are two foram-
ina [88]. They may be supernummary up to a
maximum of six that can appear unilaterally,
bilaterally, or in side asymmetry [89-91]. The
most anterior and the most posterior EF are
addressed as the anterior EF (AEF) and the pos-
terior EF (PEF). The topography of the holes not
only varies in the sagittal direction but vertically,
too, with an intra-sutural (frequency 85%) or
extrasutural position, below or above the FES
[92, 93].

Clinical Implications

Awareness of the proximity of the posterior
most foramen (PEF) to the optic canal
(OFC) is regarded as critically important in
the prevention of accidental optic nerve
lesions and amaurosis during dissection of
the periorbital lining along the medial
orbital wall.

Injuries of the ethmoid arteries may
result in massive hemorrhage, retroorbital
hematomas, and an orbital compartment
syndrome.

Predictably deroofing ethmoidal canals
(EC) at and in particular above the FES
level carries increased risk for bleeding and
accidental entry into the anterior cranial
fossa and cribriform plate.

A guideline to prevent interference with the
OFC and CN II during subperiorbital dissection
of the medial orbital wall been summarized in
“the rule of halves,” which indicates the relation-
ships of the ALC to the AEF, the AEF to the PEF,
and the PEF to the OFC in the brief formula:
24 mm-12 mm-6 mm [94] (see Chap. 3 -
Periorbital Dissection, Fig. 3.43a, b). A vast
number of morphometric studies have scrutinized
the reliability of this mnemonic rule, not all of
them fully consolidating it (e.g., [60, 95-97]).
Differences in the morphometric parameters
arose from gender and age [98]. Ethnicity was
deemed as a major variable for the presence of
supernumerary EF [89]. Orbits of Asian or
African descent had greater EF numbers and a
shorter length of the orbit with the consequence
of an increased density of the EF in comparison
with Caucasians [99].

Insofar it has been repeatedly emphasized that
the ratio between the EF distances from anterior
landmarks and the length of the medial orbital
wall must be accounted for in a meaningful eval-
uation [88, 90]. The preference should be given
to case-based individual measurements, because
exceptions from the rule are to be expected [48,
49]. The ethmoidal canals (EC) or sulci (incom-
plete canals) provide connections between the
orbit, the ethmoid nasal roof and the anterior cra-
nial fossa.

They commence with funnel-shaped openings
to pass the ethmoidal labyrinth and enter the
olfactory groove on the top surface of the cribri-
form plate. The frontoethmoidal suture line
(FES) marks the level of the ethmoidal roof. The
cribriform plate, however, may lie up to 10-mm
caudal to the FES. The EC run a diagonal course
in anterior direction containing the homonymous
neurovascular structures [100]. Their 3D topog-
raphy and dimensions (diameter, length) leave
ample room for variations. A mean of 8.2 mm
(range 4-12 mm) was reported for the average
length of the anterior ethmoid canal (AEC) and a
mean of 7.6 mm (range 2 mm —13 mm) (mean
7.6 mm) for the posterior ethmoid canal (PEC)
[101].
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Infraorbital Foramen (IOFN)

The infraorbital canal opens with a same named
foramen at the anterior facial wall (Figs. 2.1a, b,
2.14, 2.15¢, 2.17a, b, and 2.20). The foramen is
typically single and located 7-10 mm below the
infraorbital margin. The canal follows coursing
underneath the anterior orbital floor and turns
into the infraorbital groove (sulcus) further back-
ward, which runs below the floor surface to its
end at the IOF rear sink. This transformation
from a true groove into a canal occurs halfway
along the course within the orbital floor.
Otherwise, the IOC can be closed over the whole
length, so that an IOG is absent or the groove is
covered with a very thin, transparent osseous
layer pretending a “pseudocanal” [102, 103]. An
abundance of normative data on the morphologi-
cal characteristics and dimensions of the I0G/
IOC as well as the occurrence, number and loca-
tion of accessory infraorbital foramina, and side
channels has been produced over the last decade
[104-114].

im

i

Fig. 2.20 Foramina in inferolateral orbital quadrant and
surface of zygomatic body—Anterior view. Two ZFF, one
ZOF, ZTF not visible

Supraorbital and Frontal Foramina/
Notches (SOFN/FOFN)

The supraorbital margin can embody supraorbital
and frontal foramina and/or passages formed as
incisurae (notches) (Figs. 2.1a, 2.4b,2.6,2.7,2.8,
2.14, and 2.20) or it may have plane and even
contours without breaks or perforations [115].
Foramina or notches either occur bilaterally, but
also alternate between the two sides of an indi-
vidual [116, 117]; they appear single or in clus-
ters of multiple openings with overlapping
assignment as SOFN or FOFN. SOFN have an
oval shape, the horizontal diameter being larger
than the vertical. Supraorbital notches are usually
wider than supraorbital foramina.

The mean SOFN distances from to the facial
midline, frontozygomatic suture, or temporal
crest of frontal bone display a wide variation with
regard to gender, age, and ethnicities [116, 118-
120]. The frontal SOFN plane can be angulated at
all three spatial levels. Supraorbital notches are
usually completed by fascial bands encircling
their floor. The fascial bands exhibit variation
patterns—osteofibrotic partially containing bone
and/or either divided by additional horizontal or
vertical septations [121]. The vertical height
position of SOFN differs—notches are of course
contiguous with the margin; foramina are located
superior to the rim, sometimes in high positions
up to 19 mm above [115].

Clinical Implications

The course and depth of the bony canal
subsequent to such high positioned supra-
orbital foramina is of interest in surgical
approaches to the superior orbital rim and
orbital roof requiring osteotomies to release
and mobilize the supraorbital nerve. The
course of the canal in terms of a horizontal
or steep inclination toward the end in the
orbital roof in conjunction with the thick-
ness of the rim determines the anteroposte-
rior length (depth). The depth was reported
accordingly to range between 2 mm and
12 mm [122].
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While SOFN are a constant finding FOFN are
facultative at varying low frequencies [123]. The
average distance between the medial FOFN edge
from the lateral SOFN edge ranges between 2
and 15 mm [117]. Either foramina or notches
may co-occur bilaterally or differ at the two sides.
The FOFN number, size, and shapes of apertures
are most diverse.

Zygomaticoorbital (ZOF),
Zygomaticofacial (ZFF),

and Zygomaticotemporal (ZTF)
Foramina

The openings and subsequent intrabony courses
of the ZOF, ZFF, and ZTF (Fig. 2.15a—c) follow
various patterns [22]. As the name indicates, ZOF
refers to single or multiple (< 6 in skulls of
African American descent, [124]) openings in the
inner surface of the anterior inferolateral orbital
quadrant of the orbit (Figs. 2.16b, and 2.20).
Each ZOF represents the entrance to a separate or
an interconnected canal which exits at the facial
(ZFF) and/or temporal (ZTF) zygomatic surface.
Hence, there can be an array of independent
canals (ZOF- ZFF and ZOF-ZTF) only as well
as a principal interconnected canal system with
Y-kind divisions/subdivisions standing either
alone or with additional independent connections
[22]. The ZFF was mapped in an investigation of
429 (i.e., 858 zygomas) adult skulls [125] from
nine ethnic groups from geographies around the
world and both genders. An across-line laser
module was used to generate two reproducible
reference lines superimposed onto each zygoma
and measure the distances to the ZFF. The ZFF
occurrence per zygoma varied from no identifi-
able foramen (frequency 16.3%) to one foramen
(49.8%) over two (29%) and three (3.4%) to a
maximum of four (1.4%) foramina. The inci-
dence and ZFF sites differed considerably among
the ethnicities but were consistent between
female and male subjects. The distance of the
ZFF from the infraorbital margin, however, was

larger in male (mean 7.1 mm) than in female
(6.2 mm) subjects.

The ZFF sites were related to the intersection
of a horizontal line going through the deepest
point of the infraorbital rim in parallel with the
Frankfurt plane and a perpendicular vertical line
going through the posterior end of the zygomati-
cofrontal suture (ZFS). The majority of ZFF were
concentrated to a field in the upper and lower
quadrants of the intersection with outliers in the
posterior (upper > lower) quadrants (total approx-
imate size 30 mm x 25 mm). If the ZFF sites were
reevaluated within the limits of a circle of 25 mm
in diameter and its center 5 mm anterior to the
intersection of the reference lines, a percentage
of 93% ZFF on the right zygoma and 94% ZFF
on the left were enclosed in this risk spot area
irrespective of their ethnicity. A surgical safe
zone was then defined beyond the boundaries of
this circle and delineated clinically using surface
landmarks.

The position and size of the intraorbital
(“entry”) opening (= ZFFin — equal to the ZFO)
and the malar exit of the ZFF (= ZFFout) were
the focus of a morphometric study in n = 10
fresh-frozen PMHS Caucasian heads [126]. The
ZFFin number (total n = 23) per side side ranged
from 0 to 3: none on 2 sides (frequency 10%), 1
on 14 sides (70%), 2 on 3 sides (15%), and 3 on
1 side (5%). The mean ZFFin diameter was
1.1 £ 0.5 mm. The ZFFin were located
5.1 + 2.0 mm superior to the inferior margin of
the orbit and 4.3 + 1.6 mm medial to the lateral
margin of the orbit. The ZFFout number (total
n = 22) per side ranged from 0 to 2: none on 2
sides (10%), 1 on 12 sides (70%), and 2 on 4
sides (20%). The ZFFout were located
1.2 £2.9 mm inferior to the inferior margin of the
orbit and 1.1 + 3.0 mm lateral to the lateral mar-
gin of the orbit. With 1.4 + 0.6 mm diameter, the
ZFFout was larger than ZFFin. Surprisingly, the
length as well as the continuity or reticulum of
the canal(s) in between the foramina was not
dealt with in detail as opposed to what the study
title suggests.



36

Clinical Implications

A clear understanding of the zygomatic
foramina, their prevalence, and variations
as well as their nerve crossings is essential
for a number of surgical procedures [127]:

e Localization and guidance to the infe-
rior orbital fissure (IOF)—([128].

* Dissection and manipulation along the
lateral orbital wall.

* Osteosynthesis/plate and screw place-
ment in orbital/zygoma/midface trauma.

e Orbital decompression.

* Design and bone cuts of orbito-
zygomatic osteotomies [129, 130].

e Advancement or on-lay augmentation
of the inferolateral orbital rim.

» Transmaxillary approaches to the orbit.

* Subperiosteal face lift.

e Retrobulbar anesthesia [131].

Nasolacrimal Fossa (NLF)/ Groove
(NLG)/ Canal (NLQ)

The proper nasolacrimal fossa (NLF) is strictly
circumscribed and demarcated by the anterior
(ALC) and the posterior lacrimal crest (PLC)
(Fig. 2.21a). The lateral lower edge of the fossa
pointing outward into the anteromedial orbital
floor is termed the lacrimal notch (LN). The
lacrimo-maxillary suture (LMS) runs in parallel
in between the ALC and the PLC and corresponds
to the union between the nasofrontal process of
the maxilla (NFP) and the lacrimal bone [132].
The LMS corresponds to the so-called “maxillary
line” (ML—[133]), a curvilinear (mucosal) emi-
nence along the inside of the lateral nasal wall
that runs from the anterior attachment of the
middle turbinate to the anterior end (lacrimal
process) of the inferior turbinate (Fig. 2.21b).
One of the more detailed NLF descriptions based
on endoscopic findings and CT scans [134] is too
elaborate to be reproduced here in all detail. A
clear distinction between a nasolacrimal fossa
and a nasolacrimal groove (NLG) has never been
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thoroughly defined and the designations some-
times appear to be used synonymously. One
description in terms of a vertically oriented
groove addresses the anterior edge of the lacrimal
bone depression as the lacrimal margin (LM).
This LM is suggested to extend inferiorly to an
end point at the conchal crest—a horizontal ridge
which is projecting from the lateral sidewall to
give an attachment for the inferior turbinate. The
bony walls below the notch down to the level of
this crista are then referred to as the lacrimal
groove [135], what obviously does not fall short
of the whole length of the nasolacrimal canal
(NLC).

So, the NLC apparently encompasses the
entity of NLF, NLG, and the bony tract under-
neath the inferior turbinate down to the terminal
aperture (“lacrimal ostium”) in the lateral wall of
the inferior nasal meatus. In fact, there is no con-
sented definition on the NLC vertical extent con-
cerning its exact upper and lower ends. The
morphometric measurements as well as the mor-
phologic features vary at all NLC levels.

The NLF from ALC to PLC in a Caucasian
population [132] consisting of n = 47 orbits from
n =24 PMHS (postmortem human subjects) had
a mean width of 8.8 mm (range 6—12 mm). The
average distance of the LMS was 4.3 mm from
the ALC and 4.5 mm from the PLC in 25% of the
orbits under investigation, what means they were
almost equidistant from the mid-vertical line. In
42.5% of the orbits, the LMS deviated anteriorly
to the ALC and in 32.5% the LMC was located
posteriorly toward the PLC. These deviations
exceeded 1 standard deviation in 34%. An LMS
located closer to the PLC implies that the propor-
tions within the NLF are shifted to the thicker
frontonasal maxillary bone, which is an unfavor-
able condition for dacryocystorhinostomies. In
populations with East Asian descent, the NLF is
formed predominantly by a thick maxillary bone
layer [136]. As an extremely rare finding case,
the entire NLF can be formed by the maxillary
bone [137]. On the other hand, the anterior eth-
moid air cells may extend beyond the PLC pro-
ducing unusual thinness.

The anteroposterior diameters of the nasolac-
rimal canal entrance (i.e., NLF) ranked between
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Fig. 2.21 (a) Nasofrontal maxillary process (NFP) and
nasolacrimal entrance (NLC, NLF, NLG, LN)/lacrimal
bone—Superolateral view. Note: Lacrimo-maxillary
suture (LMS) line, ALC and PLC. (b) Nasofrontal maxil-

5.7 and 7.2 mm and the corresponding transverse
diameters between 4.7 and 6.1 mm [138, 139].
The NLG in the configuration outlined above
[135] had an average vertical length of
9.6 £ 2.1 mm. It displayed various morphological
patterns (S-, boat-, hourglass-, cylinder-, barrel-,
or funnel-shapes) ensuing in a different width
according to the vertical height level with an
average of 5.88 + 1.53 mm at the upper one-third,
8.04 = 2.05 mm at the middle one-third, and
5.94 + 1.28 mm at lower one-third.

The morphometric parameters of the overall
NLC have recently been reevaluated in a CBCT
investigation (patients n = 100, age range
18-83 years with a mean of 42 years) including a
summary of several preexisting studies [140].

The NLC diameters were assessed at the level
of the infraorbital margin. Not surprisingly both
the anteroposterior diameter with a mean of
6.6 = 1.53 mm as well as the transverse diameter
with a mean of 4.3 + 1.0 mm had a similar mag-
nitude as the former NLF measurements. The
corresponding NLC sectional area averaged to
7.39 = 3.29 mm? and the angle between lines
through the length of the NLC and in parallel to

lary process (NFP) and lacrimal margin (LM)—medial/
endonasal view. Note: vertical extent of the nasolacrimal
groove (NLG) and course of the maxillary line (ML).
INTC inferior nasal turbinate crest

the nasal floor was 73.5 + 6.8°. This angulation
was influenced by gender (female > male) and
age. All the other parameters did not show these
dependencies. The length of the NLC remained
unconsidered.

The narrowest part along the length of the
NLC was identified at the entrance to the canal in
a small series of PMSH dissections [139].

A multiplanar CT study is particularly note-
worthy in so far as it provides accurate 3 D
information on the NLC at six height levels
along the vertical axis [141]. The major and
minor diameters of the elliptical canals, the
cross-sectional areas, and volume were
assessed and correlated with gender, a younger
(mean age 25 years) versus an elderly (mean
age 60 years) age group and Black/White
American cohorts (total n» = 72 individuals).
The NLC length was longer in men (12.3 mm)
when compared with women (10.8 mm), just as
the NLC volume was greater in men (327 mm?)
than in women (244 mm?®). Neither minimum
canal diameters (mean 3.5 = 0.8 mm) nor mini-
mum cross-sectional areas (mean
11.7 £ 2.5 mm?) demonstrated significant dif-
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ferences depending on gender, ethnicity, or age
group. In the elderly age group, a trend was
noticeable for greater canal cross-sectional
diameters, possibly indicating an expansion of
the canal aperture with aging. The diameters
measured at two specific positions of the six
height locations of the canal showed differ-
ences in elderly in comparison with younger
patients. In the elders, the major axis diameters
were increased at the superior NLC (apex) end
with no alteration of the minor axis. Next to the
inferior NLC (base) end, the minor axis diam-
eters were larger, while the major axis kept
constant. From a geometric aspect, the cross
section of the upper canal became progres-
sively more elongated and elliptical with aging,
whereas the lower canal was getting circular.
Moreover, the cross-sectional area at the canal
base was greater in the people of color cohort
than in Caucasians. No gender differences in
the diameter or of the cross-sectional area
along the canal length were noted.

Another recent CT study on the NLC using
semi-automated segmentation techniques [142]
refined the metric results above and added a
classification into 5 morphological variants
which is reminiscent to the NLG morphology
patterns: A—-cylindrical type with consistent
diameter from top to bottom; B—lower-thicker
type, wider at bottom than top; C—upper-
thicker type, wider at top than bottom; D—spin-
dle type, with extended middle portion; and
E—hourglass type, with a particularly reduced
middle portion.

The NLC lumen, basically modeled as a
cylindrical bony pipe, is lined by the mucosal
tissue layers of the nasolacrimal duct (NLD)
which additionally modify the internal constric-
tions and openings of the lacrimal drainage
system.

Clinical Implications

Average (normal) morphometric data of
the NLF, NLG, and NLC are a prerequisite
to identify mechanical risk factors in the
etiology of primary acquired nasolacrimal
duct obstruction (PANDO).

Paranasal Sinuses

This brief account has the intent to give a cursory
summary about the juxtaposition of paranasal
sinuses and the osseous structures of the orbit.
The paranasal air sinuses (PAS) are paired
mucosa-lined, aerated bony cavities, adjoining
the orbits at four sides—the roof, the medial wall,
the floor, and the apex.

The frontal sinus is located above the orbital
roof, the ethmoid and sphenoid sinuses are adja-
cent to the medial wall and the apex, while the roof
of the maxillary sinus is identical with the floor of
the orbit. The paranasal sinuses communicate with
the nasal cavity through small apertures or ori-
fices. The anatomy of the paranasal sinuses is most
complex with endless numbers of variations in
size, shape, and symmetry as individual as finger-
prints, so that exceptions are more common than
rules [143]. The frontal sinus (FPS) may overlie
large areas over the orbital roof and extend verti-
cally far up into the squamous part frontal bone.
The frontal sinus opens through a superior funnel
medially into an inferior funnel and the nasofron-
tal duct that passes the anterior ethmoid and drains
into the frontal recess of the middle nasal meatus.

The thin lateral wall of the ethmoid sinus
(EPS) or the lamina papyracea (LP) is the major
constituent of the medial orbital wall. The orbital
roof connects with the ethmoid roof along the
fronto-ethmoid suture line (FES) at the upper LP
(Fig. 2.12). Alongside the maxillary-ethmoidal
suture line, the lower LP border including the
inferior labyrinthine cells joins with the trans-
verse bone plate built by the orbital floor in coin-
cidence with the maxillary sinus roof. A Haller
cell, an additional basal ethmoid cell, may be
interposed between the maxillary sinus and the
lamina papyracea at their transition. The Haller
cell may extend into the superomedial maxillary
recess in medial direction allowing for a trans-
maxillary access to the ethmoid without the risk
of entry into the orbit. Sometimes, the anterior
ethmoid sinus cell group continues into the lacri-
mal bone or even underneath the frontonasal
process of the maxilla. The anterior ethmoid cell
group drains into the middle nasal meatus by
way of the infundibulum. The posterior cell
group drains into the superior meatus. The sphe-
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Fig. 2.22 Axial section through the maxillary sinuses at
midlevel—Inferior view into the antral roofs, nasal cav-
ity, ethmoid air cells, sphenoid sinus, and surrounding
bone structures. Left side—Intact mucosal lining in
antral roof and around nasal turbinate; Note: IOF con-
tents. Right side—Periorbit exposed after bone removal
in the lower (medio- inferolateral) orbital circumference.

noid sinus (SPS) commonly aerates the sphenoid
body [144]. The two-sided sinuses are usually
separated and do not communicate with each
other. The pneumatization can go far beyond the
confines of the body into OS, ACP, GWS, and
clivus. Large-size SPS in particular are charac-
terized by bony imprinting and embossments.
The lateral SPS wall, which is the partition to the
orbital apex, is bulged inwards by the bony
prominences of the ICA and CN II with the opti-
cocarotid recess in between. Posteriorly, the lat-
eral SPS wall relates to the cavernous sinus. The
SPS roof is part of the anterior cranial fossa and
provides the outlines of the sella turcica with a
protruding pituitary gland fossa. The SPS floor
may be indented by the passage belonging to the
foramen rotundum (FR) and to the maxillary
nerve (CN V2) as well as by the pterygoid/Vidian

Infraorbital nerve and accompanying vessels (yellow
tubes) run below the periorbita but there are perforators
connecting to intraperiorbital vessels below the inferior
rectus muscle (IRM). NLC/NLD and opened ethmoidal
air cells along medial orbital wall (green arrows);
Horner’s orbital muscle [145]along IOF (orange arrows),
Zinn’s ring (pink arrows)

canal (VC). Each SPS drains through an ostium
of its own on its anterior wall into the sphenoeth-
moidal recess. The maxillary sinus (MPS) is the
largest paranasal sinus (Fig. 2.22). It occupies
the body of the maxilla. It is uncommon that the
zygoma is pneumatized by the MPS though the
MPS floor often reaches down to the level of the
alveolar process base and may invade into tooth-
less rim portions. Canine, premolar, and molar
tooth roots may protrude into the MPS floor. The
MPS roof or orbital floor is engraved by the IOG
and/or tubuled by the IOC that forms a crease
and is suspended in a mesentery-like bony plica-
tion on its way to the infraorbital foramen. The
MPS medial wall forms the lateral wall of the
nose. The MPS is draining over the medial wall
into the semilunar hiatus of the middle nasal
meatus.
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Clinical Implications

Antrum Implosion or Silent sinus syn-
drome is a spontaneous, progressive disor-
der due to asymptomatic chronic maxillary
sinusitis resulting in atelectasis of the max-
illary sinus and in bony demineralization
with long-term displacement of the orbital
floor (see Chap. §.)

Typical signs are facial asymmetry,
enophthalmos, hypoglobus, and recession
of the upper orbito-palpebral eyelid junc-
tion with unilateral manifestation in middle
aged-patients between 30 and 40 years. The
diagnosis is suspected clinically. CT imag-
ing is pathognomonic and will confirm the
underlying obstruction of the osteomeatal
outlet and opacification/chronic mucosal
inflammation of the maxillary sinus, lead-
ing to hypoventilation and negative sinus
pressure. Antrostomy and reconstruction of
the orbital floor using titanium implants are
established treatment options [146].

The signs of a silent sinus syndrome
may occur months after non-displaced
orbital floor fractures [147], or even after
repair of such fractures [148]. Posttraumatic
is indistinguishable from spontaneous
silent sinus and is presumably attributable
to the same pathophysiology—subatmo-
spheric pressure and antrum implosion.
Secondary enophthalmos after repair of
orbital floor fractures with resorbable
implants should consider maxillary atelec-
tasis and its etiology as a potential con-
founding factor besides the potential
inadequacy of the implant material.

Lateral Wall of the Nose

The lateral nasal wall can be broken down into an
arrangement of three or four turbinates in asso-
ciation with three meatus and the PAS outlets
(Fig. 2.23a—c). The turbinates and meatus all run
anteroposteriorly and direct the air flow. A turbi-
nate or concha corresponds to a scroll of bone
projecting from the lateral nasal wall (Fig. 2.23a,
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b). The turbinates are named in ascending
sequence as inferior, middle, superior, and
supreme turbinate. The meatus are the passages
beneath and lateral to the turbinates and are
named as the turbinates passing along their supe-
rior aspect.

The inferior meatus is the space above the nasal
floor and below the inferior turbinate. The inferior
nasal turbinate (INT) is an independent spongy
bone converging to a pointed posterior end.
Anteriorly, the INT joins with the conchal crest, an
oblique ridge inside the frontonasal process of the
maxilla. The medial convex INT surface is numer-
ously perforated and finely grooved for the harbor-
ing of a pronounced vascular network.

The concave lateral INT surface features three
processes along its upper border. The lacrimal
process projects anterosuperiorly, articulates with
the lacrimal bone and assists in the formation of
the lower portion of the nasal lacrimal canal
(NLC). The NLC exit is found in the anterior por-
tion of the lateral wall of the inferior meatus. The
ethmoidal process ascends from the midportion of
the superior INT border to join the uncinate pro-
cess of the ethmoid. The thin lamina of the maxil-
lary process turns inferolaterally and forms part of
the medial wall of the maxillary sinus.

The middle, superior, and supreme nasal tur-
binates are components of the ethmoid.

The middle nasal turbinate (MNT) attaches
to the lateral edge of the cribriform plate as
superior part of its supporting overall basal
(ground) lamella. The sphenopalatine foramen
is located within the reach of the posterior end
of the MNT.

The superior nasal turbinate (SNT) is approxi-
mately half as long as the MNT; it also extends
into the ethmoid roof and attaches to the posterior
part of the cribriform plate.

The supreme nasal turbinate is an uppermost
rudimentary concha which occurs unilaterally or
bilaterally in about 60% of individuals. The PAS
openings into the meatus have been described in
the previous paragraph. If a supreme turbinate
and meatus are present, the posterior ethmoid cell
group may open there. The secondary features of
the lateral nasal wall are revealed at best if the
INT and MNT are removed. These include the
agger nasi, the uncinate process, the ethmoid


https://en.wikipedia.org/w/index.php?title=Orbital_floor&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Orbital_floor&action=edit&redlink=1

2 Anatomy of the Orbit: Overall Skeletal and Topographical Configuration 41

Fig.2.23 (a) Skull split along midsagittal plane—antero-
lateral view to gain insight to the nasal turbinates and
meatus. AG agger nasi, INT inferior nasal turbinate (con-
cha), JF jugular fossa/foramen, MNT middle nasal turbi-
nate (concha), PPM palatine process of maxilla, SNT
superior nasal turbinate (concha), UCP uncinate process.
(b) Lateral nasal wall—medial view at anteroinferior

angulation. Note: Uncinate process (UCP) projecting
across the ostium (hiatus) of the maxillary sinus. GPF
greater palatine foramen, MPP medial pterygoid plate. (c)
Uncinate process (UCP) and bulla ethmoidalis (BE)—
Transantral inferolateral view after removal of the anterior
and lateral maxillary sinus walls
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NA

Fig. 2.23 (continued)

bulla, and the ethmoid infundibulum including
the hiatus semilunaris. The agger nasi (AN) is a
mound like prominence directly in front of the
conchal crest and the MNT. The AN represents a
vestige of the middle naso-turbinal. It is fre-
quently aerated with an opening into the anterior
middle meatus and into the ethmoid infundibu-
lum. On the posterolateral side, the agger nasi
may be fusing with the lacrimal bone and/or the
medial orbital wall.

The hooked uncinate process (UCP) arises
from the anterior ethmoid lateral to the anterior
MNT attachment (Fig. 2.23b, c). The UCP is
directed posteroinferiorly and projects at variable
length across the wide medial ostium of the max-
illary sinus. The MNT usually conceals the
UCP. The ethmoid bulla refers to a single or more
large ethmoidal cells that protrude from the
anterolateral wall of the MNT. The space config-
ured between the anterior inferior convex border
of the bulla and the superior free edge of the unci-
nate process is the hiatus semilunaris. This hiatus
is a two-dimensional opening leading into the eth-
moidal infundibulum. The ethmoid infundibulum
is a three-dimensional space extending downward
and posteriorly between the lateral nasal wall and

IOFN

the uncinate process medially. The posterosupe-
rior boundary is the ethmoid bulla. The lateral
side is consisting of the lamina papyracea and the
frontonasal process, rarely of the lacrimal bone,
too. Depending on the superior attachment of the
uncinate process either laterally to the lamina
papyracea or medially to the ethmoid roof, the
infundibulum is closed as a terminal recess or
continuous with the frontal recess.

Internal Orbital Buttresses

A set of three buttresses running in parallel stabi-
lize the orbital floor in sagittal direction
(Fig. 2.24a, b), the inferomedial orbital strut
(IOS) along the maxilloethmoidal suture line.
[20, 149, 150], the intermediary bony underpin-
ning of the infraorbital groove/canal, and the
reinforcement along the medial IOF margin later-
ally on par with the lateral floor strut (LFS). The
involvement and fragmentation of these but-
tresses are an indicator for the severity of the
trauma. The sagittal buttresses integrate deliber-
ately into the overall framework of facial but-
tresses (Fig. 2.24c¢).
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Fig. 2.24 (a) Sagittal
internal orbital buttresses in
parallel after removal of
thin interjacent bone plates:
10S along the articulation
of orbital floor and medial
orbital wall with a strong
anterior portion around the
nasolacrimal duct, weaker
midportion because of the
lamina papyracea as well
as aeration by the
ethmoidal bulla and solid
wide posterior palatine
bone portion; midway floor
strut surrounding the
infraorbital groove and
canal; lateral floor strut
along anterior/lateral IOF
edge. Detail (upper right
corner)—Overview
midface skeleton. /OC
infraorbital canal, MFS
midway floor strut, STS
sphenotemporal suture. (b)
Sagittal internal orbital
buttresses and soft tissue
relations (left zygoma,
anterior, and middle skull
base removed to expose the
LES). (¢) Orbital but-
tresses—a vertical (red),
sagittal (green), and
transverse (blue) frame-
work. (With permission
from https://surgeryrefer-
ence.aofoundation.org)
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Orbital Dimensions, Volume,
Surface Contours, 3D Globe
Position—Interrelationship

Numerous factors determine the 3D position of the
ocular globe inside the orbit [151, 152], its anterior
projection, and radial relationships to the orbital
rims; these are the overall dimension and volume
as well as the geometry (width and angulation of
the medial and lateral walls) and surface contours
of the internal orbit, such as slopes, angles, planes,
concavities, and convexities—in particular the so-
called posterior medial bulge within the inferome-
dial wall transition [153-155].

The overall dimensions and volumes of the
orbit show great variations owing to age, gender,
and ethnicity [156-160]. The adult orbital aditus
may show some typical average values approxi-
mating to 4 cm horizontal x 3.5 cm vertical in
size with wide ranging deviations (Fig. 2.25).
The anteroposterior depth is 4.5-5 cm approxi-
mately and the overall volume of the orbital cav-
ity measures up to 30 cm® including the ocular
globe, a sphere of 22-27 mm in diameter, up to
7.5 cm? in volume [161], and 69-85 mm in equa-
torial circumference.

The sagittal projection of the globe (corneal
apex plane and/or equator) is referenced rela-
tive to the sagittal projection of the orbital
rims, traditionally to the retruded lateral orbital
rim only (exophthalmometry), more recently
using 360° polar plots (CT morphometry) to
measure distances to preassigned points all
over the outer rim periphery [162]. Another CT
method is the 3D characterization of the globe
position in the orbit in relation to the center of
the globe [163].

The globe projection in the coronal plane or
the vertical/horizontal globe position is corre-
lated to the delineation, shape, and curvatures of
the orbital openings and the interorbital distance.
The shape variations of the orbital aditus
(Fig. 2.25a) have been classified into manifold
categories, e.g., oval, rectangular, rhomboid,
trapezoid, and subdivisions with a greater per-
centage of symmetry types in females (29.1%)
than in males (23.81%) in a dry skull (n = 184)
study [164].

For all aditus types, consistently the inclina-
tion of the medial part of the infraorbital rim
(MOMLP) is parallel to the angle of the orbital
floor while the lateral part (IPZ) and the adjacent
floor both run in a horizontal plane.

The objective of linear morphometric mea-
surements studies of the orbital skeleton is to pro-
vide guidelines for safe distances in periorbital
dissection along each orbital wall [165] before
the danger zone, viz. the orbital apex, is entered.
Often quoted but just as often discredited mean
maximum (standard) distances for adults (n = 24
dry skulls from India) on the orbital floor were
25 mm from the infraorbital foramen, in the
orbital roof 30 mm from the supraorbital notch,
in the lateral wall 25 mm from the frontozygo-
matic suture and in the medial wall (to the PEF)
30 mm from the anterior lacrimal crest [94]. Over
time by the investigation of small series of dry
skulls [166, 167] or PMHS specimens [168] and
ultimately with the application of modern imag-
ing techniques (CT—[169, 170], CBCT-[165];
MRI—[171, 172]) an extensive set of the refer-
ence points/distance lines/orbital cavity length/
floor length and width, etc., was accumulated to
delineate the spatial arrangement of the internal
orbit and systematically assess its metrics.

Since orbital wall fractures typically involve
the inferior (floor) and medial orbital wall their
natural surface profile was thoroughly scruti-
nized and on the basis of CT scans translated into
a data matrix to recognize the subtle slopes,
depressions, and curvatures [173] enabling a true
to original bony reconstruction [174]. In descrip-
tive topographical terms, the lowest lateral point
of the orbital floor is located next to the anterior
IOF loop. The lowest portion of the orbital floor
coincides with a short-pathed, circumferentially
running concavity just behind the orbital rims.
Originating from the periorbital dissection
sequence this widening is named as “postentry
zone” (Fig. 2.12 Detail). The orbital floor steadily
ascends from the bottom of the postentry zone
until it reaches the convex top site of the orbital
plate of the palatine bone (OPPB—posterior
ledge, Fig. 2.13a-e).

This curved process drops down abruptly
backward along the infratemporal surface of the
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Fig. 2.25 (a) Orbital aditus—Stereolithography models
at the same scale—Variations of the width and height ratio
determine the shape and inclinations of the aperture. (b)
Internal orbit—virtual reconstruction based on atlas seg-
mentation—Focus on surface profile of the inferomedial

maxilla into the posterior IOF sinkhole (Fig .2.12
and 2.26a). In a paramedian sagittal plane, the
orbital floor from the deepest point to the OPPB
assumes an undulating shape, which has been
addressed as the “Lazy-S configuration”.

In the posterior transition of the orbital floor
into the medial orbital wall, the bony surface

orbital walls with posteromedial bulge and IOF isthmus
promontory. Left orbit—screenshot. Right Orbit 3D
printed epoxy resin Model [Courtesy of S. Schlager and
M.C. Metzger, Albert-Ludwigs-Universitit Freiburg,
Freiburg i. Brsg.; Germany]

profile is protruded by a focal convexity, i.e. the
posterior medial bulge (PMB) (Figs. 2.25b and
2.26a—d). The PMB has reached the status of an
undeletable engram (Fig. 2.1f). The PMB is
considered the most essential support area to
maintain the vertical globe height and anterior
globe projection. It is referred to as “Beat
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Fig. 2.26 (a) Orbit (right)—staggered partitions after
midline sagittal plane section. “Lazy-S” becomes obvi-
ous along the medial orbital floor. The lateral orbital wall
reveals as a flat plane. Inset (upper left corner of
Fig. 2.26a.)—Convexity of the posterior inferomedial
wall with, key area outlined provisionally (red rectan-
gle). PMB Posterior Medial Bulge (‘Key Area’). (b)
Exposure of “Lazy- S” and “key area”—by superior
retraction of the orbital soft tissue contents and swinging
of the eyelids anteriorly after removal of zygoma and
GWS. (¢) Left orbital floor—Transantral view.

Paosterior medial bulge
Insertion inferior oblique musche

Delineation of the ‘posterior medial bulge” (PMB—green
arrows). Mucosal lining and circumferential bony floor
portions removed including medial maxillary antral wall/
uncinate process, infraorbital nerve released from canal/
foramen and transposed to the left over the zygomatic
body. (d) Both orbital floors and bony precincts after
axial section at intermediate height level of the orbits—
View from above. Left- bony constituents. Right—
Approximate topography of relevant landmarks during
periorbital dissection. (With permission from https://sur-
geryreference.aofoundation.org
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Hammer’s key area,” because this author [152]
has emphasized the tremendous importance for
the appropriate surgical reconstruction of the
internal orbit time and again. The PMB has
become some sort of trademark characteristic
which is perpetuated in the design of commer-
cially available anatomically preformed orbital
titanium meshes/plates [155] and 3D models or
molds [175]. The design information for 3D
modeling of the inferomedial orbital circumfer-
ence and the subsequent design of preformed
orbital floor/medial orbital wall implants is
gathered from segmentation or meanwhile from
statistical shape analysis of CT data in unaf-
fected orbits [155, 173, [176-184].

The graphic visualization of the variance
models in all their details and beauty of their
“heat maps” is fascinating but it should be borne
in mind that the shape is reductionistic in pursuit
of the target to come up with a few plate types
which fit to a maximum of individual surface
profiles. To that end, the shape requires technical
modifications; for instance, undercuts are filled,
openings, and depressions sealed and outliers
eliminated. Therefore, it seems nothing more
than a logical consequence for estimating the ver-
satility and in particular the range of application
of a preformed orbital mesh/plate that the manip-
ulation specifics of the underlying statistical
shape model are known to the end user in addi-
tion to the size and stratification of the population
and the datasets according to laterality, gender,
age, and ethnic group. At best, the statistical
shape model as well as the STL files of the pre-
formed meshes should be handy during preopera-
tive virtual planning of fracture repair. Gross
incongruency between the virtual (statistical
shape) model and the patient’s intact orbital wall
anatomy would obviate the implant positioning
from the outset.

The PMB, the sagittal “Lazy-S,” the width of
the orbital cavity between the lateral and medial
wall and the inferior orbital rim are consistently
reflected in the CT analysis studies though the
difficulties to procure accurate and reproducible
anatomic boundaries of the PMB are noteworthy.
The PBM is still regarded a “fuzzy” characteris-
tic of the orbital surface profile, since the distinct

contour outlines are difficult to capture in the
automated shape analysis [155].

The volume of the orbital cavity is a superor-
dinate parameter having direct impact on the
orbital contents and on changes in ocular globe
position. Thus, quantitative orbital volume mea-
surements (i.e., volume orbitometry) are crucial
in the diagnostic workup and date back more than
3 decades [185]. The methods for orbital volume
measurements are still striving to reach perfec-
tion, nowadays enhanced by computer-assisted
programs and automatization [27, 157, 171, 186—
191]. The orbital volume and morphology is cor-
related to anthropometric measurements (facial
height and width, interorbital distance, etc.)
[192]. On the other hand, the size of the adult
orbital volume is associated with eyeball volume
and with the grey matter volume of the visual
cortex in a linear relationship [193].

The orbital volume has been shown to range
between 16 cm® and 30 cm?®.

In a study characterizing the orbital volume in
a normal population [194] from Chile (n = 398
orbits), the mean total orbital volume was
24.5 + 3.1 cm® (range 16.9-35.0 cm?®). There
were no differences in laterality but gender dif-
ferences (male > female) and a steady orbital vol-
ume increase beyond the age of 30 years.
Interestingly enough, if the orbits were divided
into three zones in nearly the same way as in our
proposition (Fig. 2.18a, b), the anterior zone had
a mean volume of 17.30 = 2.6 cm?® (range 9.4—
25.6 cm?), which represented 70.7% of the total
orbital volume.

The volume of the central zone (comparable
to the midorbit) was 5.4 + 1.8 cm?® (range 2.2—
12.3 cm?®) accounting for 22.1% of the total
orbital volume. The posterior zone volume was
5.4 + 1.8 cm? (range 2.2-12.3 cm?) correspond-
ing to a percentage of 8.2% of the total orbital
volume. In line with previous correlations
between fracture location, viz. volume increase
in different regions of the orbital cavity [195], it
was hypothesized that a volume increase in the
anterior orbital zone has a negligible effect on the
globe position. However, a volume increase in
the central zone, which includes Beat Hammer’s
key area, was held responsible for the occurrence
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of hypoglobus. A volume increase in the poste-
rior area was implicated to generate enophthal-
mos, eventually.

Intraindividual volume differences in the orbit
to a percentage of 7-8% were considered to rep-
resent a normal range [196] for a long period.

A recent CT study (n = 93 subjects) has shown
that the intraindividual difference of orbital vol-
umes amounts to approximately 2% [154]. A dry
skull study evaluating 242 orbits using alginate
impressions and their water displacement dem-
onstrated an average orbital volume of 26.75 ml
for the right side and 26.65 ml for the left side
[197]. The mean volume difference was indicated
with 0.8 ml (range 0.02 to 3.64 ml) correspond-
ing to around 3%. Despite numerous investiga-
tions into average values [160, 173, 177, 198],
age-related changes of the surface profile of the
internal orbit (orbital floor and the medial orbital
wall) have eluded quantitative assessment so far.
From a qualitative perspective, the inferior orbital
rim contours are resorbed enlarging the height of
the aditus orbitae [199-201], while the attaching
orbital floor flattens toward its posterior end, so
that its lowermost portion tends to move back-
ward [153] (Fig. 2.27).

Fig. 2.27 Multiplanar blueprint design of midface and
orbits. All cavities are outlined by a 3-dimensional frame-
work of planes. In contrast to anatomic dissection or stud-
ies on intact dry skulls modern imaging techniques allow
to visualize and investigate every structural element
within the craniofacial skeleton relative to accurately
reproducible references (Illustration based on [202]. With
permission of https://surgeryreference.aofoundation.org)

Summary/Conclusion

To acquire macroscopic anatomical knowledge
by traditional PMHS dissections is often pur-
ported as no longer appropriate in today’s medi-
cal student education, because of competition
with unprecedented modern learning opportuni-
ties and information overflow (conventional text-
books and atlases, videos, interactive audiovisual
programs, digital apps, e-mail newsletters,
journals, Wikipedia, online or presence academic
lectures, plastinated specimens, etc.). Trainees as
well as professionals from all surgical specialties
return into anatomical dissection rooms, how-
ever, with the aim to enhance their practice and to
directly experience the visual and haptic proper-
ties of soft embalmed or even better frozen-
thawed tissues [203]. CMF specialists involved
in orbital surgery make no exception to optimize
their expertise and skills or to perform preclinical
tests of novel techniques for access, navigation,
repair, reconstruction, and even allotransplanta-
tion (e.g., [53, 64, 102, 204-208]).

This article is intended to go ahead and sup-
port any kind of learning ambitions with a reap-
praisal of common textbook knowledge of the
bony orbital precincts, systematic, and topo-
graphical connotations [see Basic Literature] and
an introduction into the enormous morphologic
and morphometric variability of the orbital open-
ings and passageways as described in recent
publications.

Textbooks and atlases as well as digital apps
often draw a picture representing the average or
abstraction of limited samples.

Enormously large collections of dry skulls
have been evaluated to get detailed insights into
the entire spectrum of normal variations of the
bony architecture depending on ethnicity, age,
gender, body height and somatotype. Such
demographic criteria may remain inhomoge-
neous or incomplete leading to controversial
results opposite to the needs of a health care
with regard to a rapidly increasing globaliza-
tion. The advent of modern imaging techniques
with a limitless morphologic data production
(CT, CBCT, MRI, ultrasound) as well as inter-
nal views of the body by endoscopes necessi-
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tated to acquire a more refined interpretation
and understanding of the anatomy with parallel-
ing computer and/or artificial intelligence
assisted post-processing (segmentation- [209])
into multiplanar views (Fig. 2.27), internal sur-
face, 3D formats (Fig. 2.25b), and volume cal-
culations). Indeed, the contemporary literature
is replete with publications on morphological
and morphometric findings of the bony orbit,
going into previously inconceivable subdivi-
sions (e.g., [173, 210]) and sub-millimeter dif-
ferentiation. As outlined above, the quality of
any such studies differs substantially and it is
not clear what will remain actively referenced in
the future. For sure, there will be no standstill
until a “big data/evidence-based anatomy” [211,
212] with consecutive translation into clinical
settings allowing for interactive man/machine
reading of findings and images will be
established.
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Introduction

The eye can be considered as a most important
organ. It is the window of the human perception
system: open your eyes and record the visible infor-
mation; it offers personal detail: for your eyes only!

As it is such an essential and delicate organ,
the globe needs adequate protection which is
facilitated by the eyelid curtain system and ample
humidification through the lacrimal system.

To provide a maximum of capability for the
gathering of visual information, a highly effective
intrinsic muscular system is attached to the globe
which allows motility in all directions. Adipose tis-
sue of the orbit facilitates physical motility of eye-
related structures. The role of neurovascular supply
is essential for vision and functional movement.

In view of the special task of this precious
organ, this chapter will elaborate on anatomical
aspects directly related to the globe. Anatomical
soft tissue aspects of the apex of the orbit will be
discussed.

The Protective Curtain System
of the Ocular Globe

The Eyelids
The eyelids resemble to soft tissue plications,

that form a mobile shutter to cover the anterior
surface of the eyeball from above and below. The
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eyelids, are referred to as part of the facial soft
tissue envelope, nonetheless they are indispens-
able for the orbit having functions such as
mechanical protection and maintenance of the
globe by the lacrimal system with lubrication,
cleansing, and drainage of the region.

The aperture between upper and lower eyelid
margins is called the palpebral fissure, which
measures approximately 8—10 mm, widest at the
midpoint when open. The upper eyelid just cov-
ers the upper aspect of the cornea for approxi-
mately 2 mm. The horizontal length is
approximately 30 mm. Medially and laterally the
eyelids meet at an angle of approximately 60°.

When we follow the palpebral fissure side-
ways, the lateral canthal angle is positioned a lit-
tle £2 mm higher than the medial canthal angle.

Each eyelid can be divided into an external,
anterior and internal, posterior lamella.

The outer or anterior lamella is coated with
delicate skin on top of the orbicularis oculi mus-
cle (OOM): myocutaneous lamella. In this ante-
rior lamella, eyelashes are located.

The inner or posterior lamella is built up of the
tarsal plates and covered by the palpebral
conjunctiva, thus corresponding to a tarsocon-
junctival lamella. This surface is in touch with the
globe (Fig. 3.1).

Fig. 3.1 Schematic
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The eyelid margin itself measures about 2 mm
in thickness.

A line on the lid margins visible at the transi-
tion zone between the anterior and posterior
lamellae is formed by the marginal projection of
the pars ciliaris of Riolan’s muscle, called the
Gray line (intermarginal sulcus) [1, 2]

The orifices of Meibomian glands open poste-
rior to the Gray line and are positioned in the
internal lamella.

Tarsal Plates

The superior and inferior tarsal cartilage plates
give structural support to the eyelids. They are
the central component within a fibrous frame-
work of canthal tendons, fascial attachments, and
suspension ligaments.

The tarsal plate itself consists of a dense fibrous
connective tissue layer and supplies rigidity to the
eyelid. The tarsi are + 1-1.5 mm thick. Coursing
medial and lateral, the tarsal plates’ height
decreases. At their endings, they finally pass into
the medial and lateral canthal ligament, fibrous
connective tissue bands, acting as suspensory
structures for the canthi. Meibomian sebaceous
glands which produce meibum, an oily substance
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that prevents evaporation of the eye’s tear film are
present in the upper and lower tarsal plate.

The tarsi are supported medially by the medial
rectus, capsulopalpebral fascia, and Horner’s
muscle.

Motor Innervation Eyelids

Motor innervation is dual: CN III, CN VII, and
sympathetic nerve fibers.

CN III, a branch of its superior division is
responsible for innervation of the main upper
eyelid retractor, the levator palpebrae superior
muscle. A branch of the inferior CN III division
innervates the inferior rectus muscle which
through the communication with the adjacent
capsulopalpebral fascia is responsible for lower
eyelid retraction during downward gaze.

CN VII supplies innervation to the orbicularis
muscle (temporal and zygomatic divison CN
VII—main eyelid protractor); the frontalis-, pro-
cerus- and corrugator supercilii musculature:
brow depression and contribute—support to
upper eyelid protraction.

Sympathetic fibers innervate the superior tar-
sal muscle, Miiller’s muscle, which contributes to
upper eyelid retraction and the inferior tarsal
muscle, supportive for lower eyelid retraction.

The sensory innervation of the upper eyelid is
multiple; terminal branches of the ophthalmic
division (CN V1) are involved (frontal nerve), the
supraorbital nerve, the supratrochlear nerve, the
infratrochlear nerve and the lacrimal nerve [3].
The innervation will be described in more detail
in subsequent subchapters.

Clinical Implications

The Gray line formed by the projecting
pars ciliaris of Riolan’s muscle [2] sepa-
rates the anterior from the posterior lamella;
it indicates an avascular plane, which is a
useful anatomic marker, for easy surgical
access.

Surgical approaches to the orbit can
have implications on the periorbital soft
tissues.

Eyelid skin incisions can interfere with
sensory innervation; approach to the orbital
rim in case of orbital floor reconstruction,
surgery through muscular planes should be
carried out at different levels to minimize
postoperative scar contractures. In case of a
lateral canthotomy extension, too wide hori-
zontal skin incisions can cause iatrogenic
damage to the frontal branches of the CN VIL

Upper Eyelid
Musculature

Below the thin loosely attached dermis covering
the eyelids, depending on the level we encounter
the preseptal periocular striated OOM, the (apo-
neurosis) levator palpebrae superior and Miiller’s
superior tarsal muscle.

At a level in approximation to the lid margin,
we encounter the pretarsal OOM, the muscle of
Riolan and the tarsal plate. The inner aspect is
covered by palpebral conjunctiva (Fig. 3.1).

Jean Riolan [2] first described a set of muscle
fibers encircling the meibomian glands collec-
tively known as the muscle of Riolan. In 2002,
Lipham et al. [1] subsequently showed through
histologic analysis that the muscle of Riolan is a
component of the orbicularis muscle, relating
eyelid blink to meibum secretion. In fact, the
muscle of Riolan represents the pretarsal orbicu-
laris muscle.

The OOM is a widespread array of muscle
fibers that lies beneath the skin, over the orbital
septum and the tarsoligamentous sling [4—6]. It is
an integral part of the superficial musculoapo-
neurotic system (SMAS). The OOM is separated
from the overlying dermis by a modest fibro-
adipose tissue layer through which fibrous septa
perforate merging with the underlying muscle
layer (Fig. 3.2). It is a striated muscle that runs
parallel to the eyelid margin and is innervated by
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Fig. 3.2 Extent and division of orbicularis oculi muscle
fibers over lateral half of the eyelids and orbit.
Suborbicularis oculi fat (SOOF) in the subcutaneous
plane positioned anterior of the orbicularis oculi muscle
(inferolateral quadrant)—anatomic specimen

multiple  (zygomatic and frontotemporal)
branches of CN VII, a plexus running deep to the
OOM, arriving from lateral.

The OOM is divided into three major concen-
tric or ring-shaped partitions, from peripheral to
central, the orbital, preseptal, and pretarsal
portions.

The orbital OOM arises medially from origins
along the superior and inferior orbital rims as
well as the medial canthal tendon and forms a
wide loop around the lateral circumference of the
orbital aperture. Superomedially, the orbital por-
tion covers the corrugator supercilii muscle and
the anterior temporoparietal fascia. In the inferior
temporal and cheek area, the orbital orbicularis
extends to the origin of the masseter and the
zygomaticus minor muscle at the surface of the
zygomatic body. Along the infraorbital rim and
the maxillary frontal process, the origins of the
upper lip and nasal ala elevators are surrounded
by the OOM.

The preseptal and the pretarsal OOM portions
overlie the orbital septum and the tarsal plates. At
the medial canthal tendon and around the lacri-
mal canaliculi and lacrimal sac, both the portions
divide into two components, anterior or superfi-
cial and posterior or deep heads. Both superficial
heads connect to the medial canthal tendon and
beyond to the anterior lacrimal crest as well as to

the nasofrontal maxillary process. The deep head
of the preseptal OOM portion, or Jones’ muscle,
attaches latero-posteriorly to the fascia of the lac-
rimal sac (Fig. 3.3a, b). The deep pretarsal orbi-
cularis head, known as Horner’s muscle, pars
lacrimalis or tensor tarsi, passes posterior to the
canaliculi and the lacrimal sac to attach to the
posterior lacrimal crest (Fig. 3.3a—c) (see section
“Canthal Ligaments”).

Laterally, the preseptal orbicularis from the
lower and upper eyelid inserts onto the horizontal
lateral palpebral raphe which attaches to the
zygoma.

The preseptal portion of the orbicularis mus-
cle functions in voluntary and involuntary eyelid
closure.

The pretarsal inferior and superior orbicularis
portion join the lateral canthal ligament (LCL) at
Whitnall’s tubercle.

The levator palpebrae superioris (LPSM) and
Miiller’s superior muscle retract or elevate the
upper eyelid; they maintain the eyelid in position.

The LPSM is a striated muscle [7], which is
separable from the underlying superior rectus
muscle (Figs. 3.4 and 3.5) apart from the medial
border, where both muscles are adherent to a
common fascial sheat. The LPSM originates from
the lesser wing of the sphenoid (LWS) above
Zinn’s ring and extends forward where it blends
with the fibers of the superior rectus muscle.
About 1 cm behind the orbital septum, it fans out
as a thin membranous sheet into the upper eyelid.

At the level just behind the superior orbital
rim and location of Whitnall’s ligament, the leva-
tor divides into two layers: a superior layer which
continues into the aponeurosis and an inferior
layer which blends forward into Miiller’s muscle
(Figs. 3.1 and 3.6). Interconnecting fibrous tissue
between the covering sheaths of the levator and
superior rectus muscle allows for corresponding
movements during vertical gaze.

Below the level of Whitnall’s ligament (WL)
and before reaching the upper edge of the tarsal
plate, the LPSM [8-10] is widening horizontally
into a broad fibrous aponeurotic sheath, the leva-
tor aponeurosis, arching over the globe with two
tendinous extremities, the lateral and medial
horns.
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orbicularis oculi muscle

Fig.3.3 (a) Axial view of the medial extension of the deep
preseptal (Jones’) and deep pretarsal (Horner’s) portion of
the orbicularis oculi muscle in relation to the lacrimal sac.
(With permission from https://surgeryreference.aofounda-
tion.org) (b) Schematic frontal view — medial extension
of superior orbital, preseptal and pretarsal orbicularis mus-
cles including the superficial head (SH) and deep head
(DH) of the latter two; the (superior) muscle of Riolan is
part of the deep head of the (superior) pretarsal (DHPT)
orbicularis muscle and relates to the DHPT attachment to

Transverse section

Posterior

Pretarsal

Anterior

the posterior lacrimal crest. Inset: Axial view - Anterior /
posterior relationships of Horner’s and Jones” muscle. The
deep head of the preseptal muscle (DHPS) (pale yellow pat-
tern) is anteriorly located to the deep head of the pretarsal
muscle (DHPT) (light red pattern). (With permission from
S. Steenen). (c)Anatomic specimen Lateral view of the
anterior medial wall of the orbit. Horner’s muscle shown
after combined retrocaruncular lower fornix swinging eye-
lid approach. Plica semilunaris flap retracted medially;
Horner’s muscle attached to the posterior lacrimal crest


https://surgeryreference.aofoundation.org
https://surgeryreference.aofoundation.org

64

P.J. J. Gooris and C.-P. Cornelius

Fig. 3.4 Anatomic
specimen — Deep
structures to upper
eyelid. Eyelid cut into
halves median sagittally
and pulled sideways for
exposure. Superior
rectus muscle hooked
up, LPSM cut and
elevated with tweezers,
Whitnall’s ligament—
whitish band going
across-parallel to
eyelid border—

Fig. 3.5 Anatomic specimen — Lateral view of superior
entrance of right orbit—after removal of lateral orbital
wall. Upper eyelid stretched downward and sideways over
the globe. LPSM fanning out from the junction (marked
with green strip) with the superior rectus muscle (SRM)
that is running backward. Whitish tendon of superior
oblique muscle (SOM) exits from the trochlea and passes
underneath the SRM. The white cable structure traversing

directly underneath the orbital roof corresponds to the
supraorbital nerve (SON). Whitnall’s ligament (WL) spans
along the anterior LPSM border. [FN infraorbital nerve,
OPLG orbital part of lacrimal gland, SOMN supraorbital
margin, OR orbital roof, SON supraorbital nerve, SOM
superior oblique muscle, LPSM levator palpebrae superior
muscle, SRM superior rectus muscle, WL Whitnall’s liga-
ment, /FN infraorbital nerve, TROC trochlea
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Fig. 3.6 Anatomic specimen — Upper eyelid - Deep
structures exposed. The levator palpebrae superior (black
arrow) held upward with tweezers, separated from the
underlying musculus tarsalis superior (Miiller), supported
by the tip of scissors. T = tarsal plate

The band-like lateral horn of the levator
divides the lacrimal gland incompletely into the
orbital and palpebral lobes before inserting on
Whitnall’s lateral orbital tubercle as one of the
components of the lateral retinaculum. The
medial horn passes over the superior oblique
muscle tendon, blends with the reflections of the
medial canthal tendon, and joins the medial reti-
nacular structures departing from the posterior
lacrimal crest for osseous attachment. The cuta-
neous insertion of the aponeurosis is effected by
terminal fibers traversing the orbicularis muscle
and forming a distinct supratarsal fold. A subset
of deeper fibers attaches to the anterior surface of
the upper tarsus.

The innervation of the LPSM is by the supe-
rior CN III division.

The superior tarsal muscle of Miiller’s (STM)
is an involuntary smooth muscle innervated by
postganglionic sympathetic fibers derived from
the paravertebral chain—superior cervical gan-
glion; the fibers run with the carotid plexus to
enter the orbit via the superior orbital fissure. The
sympathetic branches run mainly along the
infratrochlear and lacrimal branches of the oph-
thalmic nerve.

STM is incorporated in the undersurface of
the levator palpebrae anterior to WL, is adherent

to the palpebral conjunctiva posteriorly, and
inserts into the superior tarsal border (Figs. 3.1
and 3.6). It measures 8—12 mm in length and is
present across nearly the whole width of the tar-
sus. STM works in synergy with the LPSM to
raise the upper eyelid. The ligament prevents the
upper lid from pulling away from the globe dur-
ing elevation by the LPSM. Additional smooth
muscles fibers may arise from Tenon’s capsule.

The STM is separable from the LPM, whose
aponeurosis continues on top of the tarsal plate
(Fig. 3.6). Miiller’s muscle is separated from the
conjunctiva and the levator aponeurosis by a thin
fibrovascular tissue layer. In fact, Miiller’s mus-
cle elevates the upper eyelid during sympathetic
stimulation as in excitement.

The muscle of Riolan [2] consists of three
subdivisions [1]. (1) The pars ciliaris/marginalis
(striated muscle, the fibers of which are separate
bundle from the pretarsal OOM running anterior
to the tarsal plate and in parallel to the Gray line,
(2) the pars subtarsalis, a smaller fibers bundle
which is located posterior to the Meibomian ori-
fices, and (3) the pars fascicularis. This third sub-
division traverses the marginal surface of the
tarsus and connects the former two muscle
groupings.

Sensory innervation of the upper eyelid is pro-
vided by several branches of the CN V.

Clinical Implications

In patients presenting with Graves’ dis-
ease (Chap. 15 and 16), retraction of the
upper eyelid >> lower eyelid retraction is a
common sign, which results from exces-
sive sympathetic activity within Miiller’s
muscle; to a lesser degree the LPSM may
retract; inflammatory changes and fibrosis
may also play a role in this process [11].
The involvement of the lateral horn of the
LPSM in particular is supposed to be
responsible for the typical aspect of the lat-
eral flare (Fig. 3.7a—c).
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Fig. 3.7 (a) Frontal view of patient with unilateral
Graves’ orbitopathy OS. (b) Lateral view of patient with
unilateral Graves’ orbitopathy — affected side, exophthal-

Whitnall’s Ligament

Whitnall’s superior suspensory ligament [8, 9] in
the upper eyelid represents a portion of the globe
suspensory system (Figs. 3.4 and 3.8).
Whitnall’s ligament in context with the LPSM,
trochlea, and lacrimal gland. The capsulopalpebral
fascia located anterior to the inferior oblique mus-
cle in the inferior orbit forms Lockwood’s liga-
ment (LL)—a kind of analogue to Whitnall’s
ligament. Thus WL is a supportive fascia structure
of the upper eyelid and in fact a condensation of
the fascial sheath of the LPSM that thickens near
the level where the levator muscle blends into the
aponeurosis just behind the superior orbital rim
approximately 18-20 mm above the superior bor-
der of the tarsus (Fig. 3.8). Whitnall’s ligament has
a counterpart: the intermuscular transverse liga-

mos present. (¢) Lateral view of patient with unilateral
Graves’ orbitopathy — unaffected side

ment underlying the LPSM on top of the superior
rectus muscle. Both function as a sleeve support-
ing the LPSM and prevent the upper eyelid from
pulling away from the globe during elevation.
Medially the ligament attaches onto the perios-
teum of the medial orbital wall and the suspensory
system of the trochlea, laterally the ligament
blends with the capsule of the lacrimal gland and
the lateral orbital wall superior to the gland.

WL serves multiple functions: it contributes to
the suspension of the lacrimal gland as well as to
LPSM, superior oblique muscle, and origin of
Miiller’s muscle.

Further contributing structures to the support
system are fascial condensations, the medial and
lateral check ligaments, Lockwood’s inferior lig-
ament, lacrimal ligaments, and a complex net-
work of multiple septa.
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Fig. 3.8 Shematic
view - anterior orbit and
tarsoligamentary
apparatus—schematic
view. (With permission
from https://
surgeryreference.
aofoundation.org)

Lower Eyelid
Lid Retractors

The lower eyelid retractors consist of two princi-
pal layers, the capsulopalpebral fascia and
Miiller’s inferior tarsal muscle. The innervation
to the sympathetic inferior tarsal muscle travels
along with branches of the infraorbital nerve. The
capsulopalpebral fascia is a supportive structure
analogous to the LPSM.

Fibrous extensions originate from the sheath of
the inferior rectus muscle to compose the head of
the capsulopalpebral fascia. This head transforms
into an envelope around the inferior oblique mus-
cle. Anterior to the muscle the inferior and supe-
rior fascial portions conjoin to form Lockwood’s
inferior suspensory ligament. The superior por-
tion of the capsulopalpebral fascia then extends
posteriorly into the inferior conjunctival fornix
and converts into Tenon’s capsule.

The inferior portion fuses with the orbital sep-
tum anteriorly, connects through the orbicularis
oculi muscle (OOM) to the skin, and inserts more
upwardly on the inferior border of the lower tar-
sus. The dermal attachments are the basis of the

Whitnall’s ligament

Levator muscle

lower eyelid crease. A limited depression of the
lower eyelid margin occurs in downgaze to enable
an unimpaired visual field. This movement is
essentially a synergic effect of the inferior rectus
muscle contraction which is translated by the cap-
sulopalpebral head and the inferior fascial
portion.

The sympathetic smooth inferior tarsal muscle
is an accessory lower eyelid retractor. It origi-
nates and lies posterior to the capsulopalpebral
fascia, extends upward distal from Lockwood’s
ligament (LL), and inserts near and at the base of
the inferior tarsus. LL is a band-like fascial sling,
+ 45 mm in length and + 6 mm wide. It is con-
nected to the medial and lateral check ligaments.

It prevents downward and backward displace-
ment of the globe and supports it as in a ham-
mock. In its center, it is formed as a connective
tissue thickening in the lower portion of Tenon’s
caspule. Medially, Lockwood’s ligament blends
with Horner’s muscle and the medial check liga-
ment. These insert onto the posterior lacrimal
crest. Part of its medial head joins the medial
horn of the levator aponeurosis.

Laterally the LL spreads out two heads.

The anterior lateral LL head inserts onto the
inferior border of the lateral canthal ligament.
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The posterior lateral LL head joins the lateral
retinaculum at Whitnall’s tubercle together with
the orbital septum, the lateral check ligament of
the lateral rectus muscle, and the lateral horn of
the levator aponeurosis.

Lockwood’s ligament extends as composed of
two frontal layers: an anterior layer which inter-
digitates with the orbital septum and a posterior
layer which fuses with the inferior border of the
tarsal plate.

Lockwood’s ligament stabilizes spatial anat-
omy within the orbit during function.

The cutaneous innervation of the lower eye-
lid [12] is provided by the infraorbital nerve
(ION) and the zygomaticofacial nerve (ZFN).
The nerves run within and inferior to the epi-
mysium of the orbicularis muscle and perforate
the orbicularis muscle perpendicular to distrib-
ute to the overlying skin. Terminal branches of
ION are mainly distributed medial to the lat-
eral canthus. Most terminal branches of the
ZFN are distributed lateral to the lateral
canthus.

Clinical Implications

P.J. J. Gooris and C.-P. Cornelius

when compared to the subciliary approach.
Lacrimal system damage can occur.

The transcutaneous subciliary—and the
subtarsal approach [16, 17] reduce the
prevalence of entropion, the risk of ectro-
pion increases including a higher risk of
scleral show. The infraorbital approach
includes the advantage not to directly inter-
fere ~ with the eyelid lamellae.
Transcutaneous approaches however do
leave a visible scar, though when applied in
an available skin crease, scar visibility may
be minimal. The trans (retro)caruncular
approach [18-28] is a safe and effective
method for decompression of the medial
orbital wall in case of Graves’ exophthal-
mos or for reconstruction of the medial
orbital wall in case of a fracture; a com-
bined transcaruncular - transconjunctival
approach may be indicated for reconstruc-
tion of large orbital wall defects involving
both medial wall and orbital floor.

In Graves’ disease, traction on capsulopal-
pebral fascia of inferior rectus muscle con-
tracture will result in retraction of the
lower eyelid: if this results in inability to
close the eyelids properly this may cause
lagophthalmos, when the eyeball turns
upwards while showing the white lower
surface of the globe.

Several surgical approaches to the orbit,
more specifically the orbital floor have
been described.

All of them carry their own (dis)advan-
tages [13—15] and vary in the extent of
bony exposure.

The transconjunctival approach has
fewest lower eyelid complications and
reduces the prevalence of ectropion, how-
ever carries an increased risk of entropion

Canthal Ligaments
Medial Canthal Ligament (MCL)

The upper and lower tarsal plates convert into the
superior and inferior crura, fibrous bands, and
fuse to form the common medial ligament.
Medial extensions of Whitnall’s ligament attach
to the common ligament and the posterior lacri-
mal crest as do the medial extensions of
Lockwood’s ligament (Fig. 3.8).

The crura are located between the OOM ante-
riorly and the conjunctiva posteriorly. Separate
limbs originate from the common ligament and
course to attach to the bone at the medial orbital
rim and to the lacrimal sac. The anterior limb,
approximately 10 mm in length and 4 mm in
thickness inserts to the frontonasal process of the
maxilla anterior and above the anterior lacrimal
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crest [15, 29]; as such it is the strongest compo-
nent of the medial canthal tendon complex and
provides the major support of the medial canthal
angle. The thinner posterior limb, passing
between the canaliculi, fans out and inserts to the
posterior lacrimal crest. This limb provides a
backward pull to maintain the eyelid in a posture
tangential to the globe surface. The superior limb,
connecting the anterior and posterior limb inserts
onto the orbital process of the frontal bone.

The resultant vector of all the canthal limbs
and attachments suggests that resuspension of the
entire complex following disruption should be
directed posteriorly and superiorly toward the
posterior lacrimal crest.

Both the pretarsal and the preseptal OOM
portions bifurcate into a separate rear (i.e. deep
head) and forward-directed (i.e. superficial
head) stripe just like the prongs of a pair of open
scissors.

The posteriorly departing muscle pathways of
the upper and lower OOM lid portions corre-
spond to the deep head of the pretarsal (DHPT—
Horner’s) muscle and the deep head of the
preseptal (DHPS—1Jones) muscle, respectively,
both fanning out in a further medial course. The
anterior or superficial stripes conform with the
superficial head of the pretarsal (SHPT) mus-
cle and the preseptal (SHPS) OOM portions
(Fig. 3.3a,b).

The superficial heads of the upper and lower
lid pretarsal OOM (SHPT) in conjunction with
the superior and inferior muscles of Riolan
extend over and interdigitate anteromedially with
the crura of the medial canthal ligament. They
invest both lacrimal canaliculi, cover the ampul-
lae, and insert onto the anterior limb of the can-
thal tendon.

Reaching the level of the common canaliculus,
the medial extensions of upper and lower lid DHPT
fuse and compose a prominent flat muscular bulge
with a vertical height of 6 mm and a thickness of
2.5 mm, referred to as Horner’s muscle. Horner’s
muscle continues behind the posterior limb of the
medial canthal ligament to insert at the posterior

|

Fig. 3.9 Schematic view — Medial canthal ligament in
relation to lacrimal sac/fossa forming a “roof” (With per-
mission from https://surgeryreference.aofoundation.org)

lacrimal crest (Fig. 3.3a,b): thus forming the deep-
est layer of the inner canthus tissues.

The DHPS or Jones’ muscle predominantly
turns toward the lateral aspect of the lacrimal sac
and creates a “second” layer which is somewhat
overlapping the lateral part of the DHPT
(Fig. 3.3a,b).

The SHPT and the SHPS remain foremost,
run along the anterior surface of the lacrimal sac,
and fuse with the medial canthal tendon to create
a third most superficial tissue layer (Figs. 3.3b).

The posterior limb of the medial canthal liga-
ment forming a frontal sheet to Horner’s muscle
is adjoined by the medial horn of the levator apo-
neurosis, the posterior layer of the orbital sep-
tum, and the medial check ligament altogether
composing the medial retinaculum. Horner’s
muscle tone contributes to the apposition of the
eyelid to the globe during eyelid closure.

The superior arm of the medial canthal liga-
ment forms a kind of “roof” of the lacrimal sac/
fossa and blends with the fascia of the lacrimal
sac (Figs. 3.8, 3.9, and 3.10). The pulling actions
of the DHPT and the DHPS are supposed to con-
tribute to the induction of negative pressure in the
tear sac supporting the lacrimal pump mecha-
nism thereby.
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Fig. 3.10 Anatomic specimen _Medial canthal liga-
ment, and some of the fascial structures in the anterior
orbit—OOM removed. MCL components—superior and
inferior crura fuse to a common tendon that attaches to the
periosteum of the medial orbital rim (frontonasal maxil-

Lateral Canthal Ligament (LCL)

The lateral canthal ligament has features of both
a ligament and a tendon.

The lateral endings of the tarsal plates pass
over into the crura of the lateral canthal ligament.
The crura unite resulting in the common tendon
with both superficial and deep components.

The superficial flat ligamentous layer is con-
tinuous with the overlying orbital septum and
interdigitations of the pretarsal OOM [30]. It
measures approximately 10 mm in length/width;
this portion coalesces with the periosteal surface
of the lateral orbital rim and the temporalis fascia
(Fig. 3.11).

The deep LL components arise from the lateral
aspect of the tarsal plate to develop a cable-like
common tendon (Figs. 3.11, 3.12, and 3.13). This
inserts onto the lateral orbital tubercle of Whitnall.
This tubercle is a small roundly protuberance of
about 2-3 mm diameter located on the inner
orbital plate of the zygoma (OPZ), immediately
(2—4 mm) in the marginal territory posterior to the
lateral orbital rim and about 10 mm beneath the
frontozygomatic suture (FZS).

In summary, Whitnall’s lateral orbital tubercle
is important as marking the point of attachment
of the:

lary process, orbital process of frontal bone, nasal and
lacrimal bones) with three limbs (or arms)—anterior,
superior (anterior lacrimal crest), and posterior (posterior
lacrimal crest—not visible)

e Lateral common canthal tendon (originally
termed the “lateral palpebral ligament”)

e Lateral check ligament—of the lateral rectus
muscle (LRM)

e Lateral horn of the LPSM aponeurosis

e Lateral end of Lockwood’s inferior suspen-
sory ligament of the eyeball

Somewhat paradoxically the eponymous supe-
rior transverse ligament of the eye, commonly
addressed as Whitnall’s ligament is not listed hav-
ing a specific attachment to the “tuberculum
orbitale” in the original publications [8, 9]. Indeed
Whitnall’s ligament inserts into the periorbita of
the lacrimal fossa up to 10 mm above the lateral
orbital tubercle by way of the fascia of the lacrimal
gland.

The attachments of the lateral canthal tendon,
the lateral LRM check ligament, and the lateral
horn of the LPSM aponeurosis extend along the
lateral orbital wall posterior to the tubercle in a
successive order from the rim before they end.
The LCL continues for about 5 mm, the check
ligament for approximately 6.5 mm, and the lat-
eral aponeurosis horn roughly for 8.5 mm.

The complex arrangement of the entire liga-
mentous and fascial lateral extensions is summa-
rized as the lateral retinaculum.
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Fig.3.11 Anatomic
specimen — Superficial
lateral canthal
ligamentous layer with
underling fat pad
(Eisler) attaching to the
periosteum of the lateral
orbital rim - anatomic
specimen

Fig.3.12 Anatomic
specimen. Deep lateral
canthal tendon,
converging from the
crura and attaching to
Whitnall's tubercle
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Fig.3.13 Schemata view — : transview of tarsoligamen-
tary apparatus and globe featuring the orbital cavity. The
lateral OOM, including the lateral canthal ligament com-
plex half reflected laterally. Superior and inferior tarsal
plates continue medially into the superior and inferior
crus, the crura fuse into a common ligament and split pro-
gressing further medially into an anterior and posterior
arm-limb of the medial canthal ligament (fibrous connec-
tive tissue structure) attaches respectively anteriorly to the
periosteum of the orbital process of the maxillary bone in
front and above of the anterior lacrimal crest, posteriorly
to the posterior lacrimal crest, just above the entrance of
the nasolacrimal duct; the anterior and posterior arms are
connected by a superior limb of the medial canthal liga-
ment to form a horizontal raphe: “roof” of the lacrimal
fossa which inserts into the periosteum of the orbital pro-
cess of the frontal bone (roof = anterior—posterior web-
bing between the anterior and posterior arm of the medial
canthal ligament) (With permission from https://sur-
geryreference.aofoundation.org)

The Periorbita and Orbital Septum
Periorbita

The periorbita is identical with the periosteal lin-
ing covering the internal orbit, that starts at the
anterior bony aperture. While orbital fat is hold
into place, the periosteal envelope serves as a
covering membrane. In the anterior area, the peri-
orbita is continuous with the orbital rim perios-
teum and the orbital septum. The fusion zone
between periorbita and periosteum is thickened:
arcus marginalis. This is the origin of the orbital
septum, corresponding to the deep layer of the
galea aponeurotica.

Posteriorly, in the orbital apex, the periorbita
communicates with the dura mater of the middle

cranial fossa and cavernous sinus through the
optic canal and the SOF. Here, it also contributes
to the Zinn’s ring. Infero-dorso-laterally, the peri-
orbita extends into the inferior orbital fissure
(IOF) and fuses with Miiller’s orbital smooth
muscle which covers the IOF. Inferior to the rear
sinkhole of the IOF the periorbita transforms into
the periosteal lining of the adjacent pterygopala-
tine and infratemporal fossa. At the lacrimal
crest, the periorbita splits into a thin layer for the
lacrimal fossa and a thick layer, the fascia lacri-
malis which invests the lacrimal sac.

Orbital Septum

The orbital septum is a fibroelastic multilayer
membrane. It defines the anterior boundary of the
orbit as a barrier that separates facial from orbital
structures.

The orbital septum originates from the arcus
marginalis orbitae and consists of two layers.
The outer superficial layer is formed by the deep
layer of the galea (Fig. 3.1). The inner, deep
layer is the anterior coursing fascia of the perior-
bita, which further separates into an upward
layer superiorly covering the frontal bone and
the inner layer becoming the orbital septum of
the upper eyelid.

Within the eyelids, the orbital septum sepa-
rates the anterior from the posterior lamella: the
septum passes between the OOM and the fat
pockets.

In the upper eyelid, the orbital septum inserts
and fuses with the LSPM aponeurosis, several
mm above the tarsal plate. Finally, the superficial
layer of the septum continues further downward
onto the anterior tarsal surface.

In the lower eyelid, the orbital septum fuses
with the capsulopalpebral fascia inferior to the
tarsus before they insert to the tarsal edge and the
lower canthal crus together.

From the latter, as with Lockwood’s ligament,
the orbital septum continues to insert onto the
posterior lacrimal crest. An anterior septal layer
inserts to the common medial canthal ligament
and to the anterior lacrimal crest finally enclosing
the lower part of the lacrimal sac anteriorly.
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Another intermediate septal layer passes
backward around the lacrimal sac in the upper
and lower eyelid. Its insertions connect to the
posterior limb of the canthal tendon and to the
posterior lacrimal crest, frontal to Horner’s mus-
cle. In the lower eyelid, the lower border of the
layer fuses to the periorbita at the opening of the
nasolacrimal duct. Laterally, the septum becomes
intertwined with the superficial lateral canthal
ligament and its circumferential borders insert
onto the orbital margin of the zygomatic bone.

Lacrimal Functional Unit

The overall lacrimal functional unit [4, 31-35] is
organized in three partitions: a glandular secretion
system, a tear fluid distributional area (ocular sur-
face, conjunctiva, cornea), and a drainage pathway,
that collects, conveys, and empties the tear fluid
into the lower meatus of the nasal cavity toward an
orifice anteriorly underneath the inferior concha.
The unit modulates lacrimation, protection of the
ocular surface including immune responses from
the anterior segment of the eye, and neurosensory
perception (e.g., pain sensation).

Tear Producing Glands

Main and Accessory Aqueous
Lacrimal Glands

The aqueous tear fluid production is effected by
the main lacrimal gland [36-38] with contribu-
tions from numerous small accessory lacrimal
glands. The accessory glands are located in the
eyelid conjunctiva along the nonmarginal tarsal
borders of the tarsi (Wolfring glands) and at the
fornices—predominantly the superior fornix—
(Krause glands) (Figs. 3.1 and 3.14).

The main lacrimal gland is a bilobed exocrine
gland consisting of a larger superior orbital part
and a smaller inferior palpebral part. The anterior
horizontal lobe portions are sandwiched around
the concave lateral horn of the LPSM aponeuro-
sis, whereas the parenchyma of the gland is con-
tinuous around the posterior edge of the horn.

Both lobes are located posterior to the orbital
septum. The orbital lobe is affixed to the lacrimal
fossa in the anterolateral orbital roof. The fibrous
periosteal attachments include Whitnall’s liga-
ment. The palpebral lobe extends laterally into
the superotemporal fornix of the upper lid, where
it is adherent to the conjunctiva through which it
becomes visible with lid eversion. Anteriorly the
palpebral lobe spreads beyond the superior
orbital margin, while the orbital lobe has a poste-
rior orientation and conforms to the space
between the orbital wall and the globe surface.
The position and footprint area of the overall
gland may vary considerably to behind the globe,
over the superior rectus muscle (SRM) and the
vertical midline of the globe as far as alongside
the temporal aspect to the lower border of the lat-
eral rectus muscle (LRM).

Excretory ducts from both lobes all empty at the
superotemporal conjunctival fornix. Several inter-
lobular ducts connect the orbital lobe to the ducts of
the palpebral lobe. About 10-15 other ducts from
the orbital lobe route independently through the
palpebral lobe. Hence resection of the palpebral
lobe ablates the lacrimal flow of the entire gland.

The arterial supply of the main gland derives
from the lacrimal artery, a branch of the ophthal-
mic artery, with medial and lateral ramifications
inside the lobes, subsequent branches supplying
the palpebral marginal arcades, and a terminal
conjunctival network. Venous drainage is via sim-
ilar tributaries to the superior ophthalmic vein.

Sensory innervation is provided by the lacri-
mal nerve (-CN V1). The aqueous secretion by
the lacrimal gland is subject to parasympathetic
and sympathetic stimulation via the VIIth CN
parasympathetic pathway and via postganglionic
axons from the superior cervical ganglion (SCG)
(see autonomic innervation).

The accessory lacrimal glands of Wolfring
and of Krause (Fig. 3.14) basically resemble the
lobe structures and histologic characteristics of
the main lacrimal gland. The nodule-shaped
glands are individual organs with their own
interstitial connective tissue coatings. They are
located in the lamina propria of the conjunctiva
and their ducts open onto the conjunctival sur-
face. Wolfring’s glands are the larger type nod-
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Fig. 3.14 Orbital glands that contribute to the various components (see insets) of the preocular tear film. (With per-

mission from Grays Anatomy 42nd edition)

ules found in numbers of 2—5 above or within the
upper border of the superior tarsus near its mid-
line and in a number of 2 within the lower border
of the inferior tarsus. The total more numerous
Krause’s glands lie in the upper fornix—about
20-40—below the palpebral lobe of the main
lacrimal gland and in the lower fornix—about
6-8. Autonomic innervation in human accessory
lacrimal glands has long been confirmed with
parasympathetic prevailing over sympathetic
formations.

Conjunctival Goblet Cell (CGC)
Population

Goblet cells [39-41] of the conjunctiva are
plump, rounded specialized cells that extend
through the entire thickness of the stratified
epithelium.

They can occur individually or within clus-
ters; the goblet cell population is distributed
throughout the palpebral and bulbar conjunctiva
with the greatest density in the medial canthus/
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lower fornix region and sparser dispersion over
the superior and inferior bulbar regions. In
regions with sparser numbers, single goblet cells
exceed cell clusters.

Most importantly, conjunctival goblet cells
secrete polymeric gel-forming and membrane-
bound mucins onto the ocular surface. Based on
their mucin secretion, several functions can be
attributed to CGCs such as lubrication, mainte-
nance of surface wetting and the tear film across
the epithelium, prevention of corneal surface
damage and infection.

Tarsal Glands

Processions of individual tarsal glands of Meibom
(Meibomian Glands—MG) [42] are embedded in
parallel arrangement perpendicular to the eyelid
margins within connective tissue fibers of the tar-
sal plates (Figs. 3.1 and 3.14). MGs are a distinct
variant of large sebaceous glands that are not
associated with hair follicles.

The tarsi in the upper eyelids are fitted with
between 20 and 40 MGs, the lower tarsi with
between 20 and 30 MGs. The vertical measure
of the meibomian glands follows the height of
the tarsal plates and consequently differs accord-
ing to the shape and dimensions of the upper
and lower tarsi. A single MG is composed of
multiple holocrine secretory acini, which are
clustered in tiers around the long vertical axis of
a central duct to which they link in oblique
direction via short connecting ductuli. The open
end of the central duct is lined by keratinized
epidermal layers grown in from the free lid mar-
gin. This orifice is typically positioned at the
posterior lid margin directly in front of the
mucocutaneous junction and inner lid border.
MGs produce a clear oily, lipid-rich secretion
(i.e.,“Meibum”), that forms part of the tear film
composition.

Ciliary Glands

There are two kinds of glands associated with the
lashes on the eyelid margins (“eyelid cilia”), the
modified apocrine sweat (sudor) glands of Moll,
and the pilosebaceous glands of Zeis (Fig. 3.1).

Moll glands are tubules that form a long
stretched spiral widening root in contrast to the
coiled tubuloalveolar body of common sweat
cells. They have a wide-lumen ampulla and open
with a narrow duct into a ciliary follicle close to
the surface or run into the duct of a sebaceous
Zeis gland or directly onto the surface of the lid
margin between the eyelashes—often with one
orifice amid two lashes.

Moll glands are located anterior to the
Meibomian glands and extend deep into the lid
next to the tarsal plates. They are more numerous
and more developed in the lower eyelid.

Zeis glands are larger than Moll glands and
directly associated with each eyelash follicle.
Usually two Zeiss glands exude their secretions
through their excretory ducts surrounding the
mid-length portion of the ciliary follicle. Each
Zeis gland consists of clusters of several sac-
shaped enlargements, the alveoli, which unite
into a short wide duct.

Ocular Tear Film

The tear fluid is a complex solution [43—45]com-
posed of water, enzymes, proteins, immunoglob-
ulins, lipids, various metabolites, and exfoliated
epithelial and polymorphonuclear cells. The clas-
sical concept of an interpalpebral, trilaminar, pre-
ocular tear film with a superficial lipid phase
(from tarsal Meibomian glands) overlying an
intermediate aqueous phase (from main and
accessory lacrimal glands) and an innermost
mucinous layer (from conjunctival goblet cell
population) [46] is queried by novel research.
The three layered architecture is only appli-
cable to the preocular fluid within the interpalpe-
bral aperture, that is present in the interblink
period. The modern reappraisal proposes a model
that encompasses a coherent fluid extending over
the whole “ocular surface (OS) system.” This
integrates all conjunctival and corneal epithelia
into a single three dimensional sack-like territory
with the retropalpebral pouches up into the forni-
ces. As a consequence thereof, the tear fluid is
distributed in three continuous compartments,
the fornix conjoined with the retrotarsal space
(“cul de sac”), the tear menisci and the preocular
area, all subject to the condition that the eyes are
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open. The preocular tear film is spread over the
exposed bulbar conjunctiva and the contours of
the cornea. Over the corneal region, this film is
extraordinarily thin with a thickness of 2-5.5 pm.

The threefold junctional interface between the
occlusal surface of the lid margin, the preocular
tear film, and the atmosphere gives rise to the tear
menisci. Thus they fill in and run along the corner
profiles of the lower and upper lid margins with a
concave front and a prismatic (or wedge-shaped)
cross-sectional geometry. They act as a reservoir
to supply the fluid which renovates the preocular
tear film at each blink. The meniscus parameters
(height, width, and radius of curvature) can be
used to compute the meniscus volume which is
supposed to correlate with the overall tear
volume.

The tear film adhesion to the surface of the
conjunctival and corneal epithelium is increased
by large transmembrane mucins which, as part of
the glycocalyx, attach to the microplicae of the
cells and extend into the preocular tear film. The
preocular tear fluid corresponds to a single layer
of mucoaqueous gel with a decreasing mucous
density toward the surface. It is still unclarified
whether this is true for all OS compartments. The
mucoaqueous gel makes up the bulk of the tear
film and lies beneath a very thin lipid layer (at
mean 42 nm). The lipid layer forms an ever pres-
ent sealant closing off the mucoaqueous gel
between the eyelid margins, where it is secreted
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from the Meibomian glands and spreads onto the
tear film with each blink.

An intact lipid layer shielding is important in
stabilizing the tear film and preventing excessive
evaporation of the tear fluid. The preocular/pre-
corneal tear film provides the primary refractive
medium for light entering the visual system and
provides a protective environment for all tissues
involved in the OS.

Lacrimal Drainage Pathway—
Nasolacrimal Sac/Duct

The meniscal stream carries the tear fluid along the
upper and lower eyelid margins [46] toward the lac-
rimal puncta. Each punctum is a small or trans-
versely oval-shaped orifice located on the peak of
the papilla lacrimalis near the medial end of the lid
margin next to the nasal canthal angle (Fig. 3.15).
Both puncta face backward into the groove between
the plica semilunaris and become only visible when
the lids are everted. From the punctal outflow, the
drainage continues sequentially via the upper and
lower canaliculi into the lacrimal sac. Each cana-
liculus has a short vertical (2 mm) and then after a
dilatation at right-angular turn (‘“ampulla”), a longer
(8-10 mm) horizontal part. The horizontal canalic-
uli converge medially, the upper being shorter than
the lower. Contraction of the lacrimal part of the
orbicularis oculi muscle, i.e., Horner-Duverney’s
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Fig. 3.15 Schematic frontal view of lacrimal drainage system: orbital septum and LSPM partially removed to expose
lacrimal gland. Inset: details of lacrimal drainage system and nasolacrimal duct. (With permission from S. Steenen)
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muscle causes the tear fluid in the canaliculi to be
transported toward the lacrimal sac.

The horizontal canaliculi enter the lacrimal
sac on the posterolateral surface either united to a
short (1-2 mm) common canaliculus piercing the
lacrimal fascia or independently. An in-folding of
the lacrimal sac mucosal lining is supposed to
have a one-way valvular function at the internal
canalicular entrance (valve of Rosenmiiller) that
might prevent a retrograde reflux eventually
emerging at the puncta.

The lacrimal sac, a membranous conduit mea-
suring approx. 0.2-0.5 cm in diameter and
approx. 1.2-1.5 cm in length lies in the lacrimal
fossa. Its upper end (fornix of lacrimal sac) is
closed in a dome-shaped fashion, its lower part
merges into the nasolacrimal duct configuring an
isthmus at the entrance level into the bony canal.

The nasolacrimal duct is approx. 1.2-2.4 cm
long. From the sac, it descends following the course
of the intraosseous maxillary canal at an angulation
of 15° to 30° degrees in a backward and of 5° in a
lateral direction; the lower meatal duct portion with
its terminal aperture (“lacrimal ostium”) is accom-
modated in the lateral wall of the inferior nasal pas-
sageway. The sagittal and vertical position as well
as the shape of the ostium are most variable within
limits of 2.0 3.5 cm behind the anterior border of
the nostril sill and 0.9-2.2 cm above the nasal floor
in a round, punctiform, slit-like—linear, vertically
or transversely oriented configuration, single or in a
duplicated array.

Numerous mucosal folds in distinct places
within the nasolacrimal duct have been described
as valves and are still labeled with eponyms of
anatomic celebrities but with no evidenced val-
vular function. The plica lacrimalis or valve of
Hasner is the most constant variant situated on
the side of inferior turbinate just prior the ostium.

The fluid dynamics within the lacrimal system
are associated with pumping mechanics during
eyelid closure and muscular contraction (e.g.,
preseptal and pretarsal OOM) involved therein.

The lower system comprises the lacrimal sac and
the lacrimal duct. The lacrimal sac is anterior to the
orbital septum, nestled in its own fascia in the lacri-
mal fossa. The lacrimal crest of the maxillary bone
forms the anterior border of the lacrimal fossa.

The tendinous insertions of the OOM bind the
lacrimal sac anteriorly and posteriorly, aiding in
the movement of tears. Posterior to the sac, the
deep heads of the pretarsal OOM insert. The deep
heads of the preseptal OOM attach the lacrimal
sac latero-posteriorly. Anterior to the sac, the
superficial heads of the pretarsal and preseptal
orbicularis muscles insert onto the anterior crest
of the lacrimal fossa. Together, these insertions
help squeeze the lacrimal sac to move tears for-
ward through the system.

Plica Semilunaris

The plica semilunaris is a crescent-shaped con-
junctival fold lateral to the caruncle conjoining
to the bulbar conjunctiva and lacrimal portion of
the eyelids. It surrounds the medial limbus from
the superior to the inferior fornix. The plical
fold functions in the distribution of the tear flu-
ids, maintains the lacrimal lake, and keeps the
lacrimal puncta in contact with the lake. Though
the plica is not very prominent, it provides
enough resiliency to the movements of the globe
and the eyelids. It unfolds and flattens or is
retracted on abduction or adduction, respec-
tively, what allows the lacrimal puncta to hold
up their position.

Lacrimal Caruncle

The lacrimal caruncle is a soft, pink bump with
ovoid shape found in the tear lake at the inner can-
thus inferomedial to the plica semilunaris. It is ori-
ented obliquely with an inferolateral angulation,
while its superior border is at level with the inferior
lid margin. The surface is lined with a nonkera-
tinizing epithelium giving it the look of conjuncti-
val tissue. In fact, the caruncules feature skin
appendages (pilosebaceous units, sweat gland, hair
follicles, connective tissue, fat) (Fig. 3.16), since
they derive from the lower eyelid margin develop-
mentally. Equally the caruncles have direct connec-
tions to the lower lid retractors and to the
MRM. Congenital supernumerary caruncles are
extremely rare.
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Fig.3.16 Histologic
section _ Caruncle
overlapped by plica
semilunaris—horizontal
histological preparation.
A goblet-cell-rich
epithelial surface, a
pilosebaceous Zeis
gland emptying into a
hair follicle (partially
sectioned) and the
tubuloalveolar body of a
sweat gland are proof of
the skin appendage
character

Clinical Implications

A trans- or preferably retrocaruncular
approach [19, 20] provides direct and reli-
able adequate access to the medial aspect of
the orbital floor and medial wall of the orbit
posteriorly toward the orbital apex. It is a
safe, rapid, and cosmetically pleasing surgi-
cal approach. The approach can be com-
bined with a transconjunctival access and
alateral canthotomy to gain overall access
to the medial orbital wall, the orbital floor,
and the lateral orbital wall. The retrocarun-
cular approach benefits the transcaruncular
insofar that there is less risk of tarsus expo-
sure and thus a decreased risk of lid compli-
cations. As the transcaruncular approach in
fact consists of an inferior transconjunctival
approach extending medially and superi-
orly, it divides the cutaneous-tissue carun-
cle. Horner’s muscle fixates the caruncle to
the posterior lacrimal crest and helps to sup-
port the medial eyelid; as the retrocaruncu-
lar incison is performed lateral to the
caruncle, the risk of damage to Horner’s
muscle is minimized. Also some lower eye-
lid retractors attach to the caruncle, if divi-
sion of the caruncle is performed, this may
result in an inferolateral shift of the lateral
aspect of the caruncle.

The Ocular Globe

The Globe—Gross Anatomical
Outline/Overview

The ocular globe or eyeball has a volume of about
6-8 cm?®, a vertical diameter of 23.5 mm, and an
anterior to posterior diameter, called the eye/opti-
cal axis of 23 mm (Fig. 3.17).

The anatomic equator divides the globe topo-
graphically into two unequal halves: the anterior
and the posterior hemispheres; it is a virtual line
which corresponds to the greatest circumfer-
ence of the eyeball (Fig. 3.17b, c). The cornea
constitutes the anterior segment and occupies
1/6th of the surface area, the larger posterior
segment is composed of the scleral shell and has
a larger radius of curvature than the anterior
segment.

The eyeball is surrounded by Tenon’s capsule
a fascial bulbar sheath that runs from the optic
nerve nearly to the corneal limbus or sclerocor-
neal junction, 2 mm dorsal to the corneal limbus.
It is firmly adherent to the episclera. The white
outer layer of the eyeball is called sclera, which is
continuous with the transparent cornea at the
front of the eye. The sclera is covered by the bul-
bar conjunctiva, the cornea lacks such conjuncti-
val coverage. Both fibrous layers maintain the
shape and size of the eyeball. The larger part, the
firm sclera protects the inner contents of the
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Fig. 3.17 Schematic view. Optic and orbital axis. (a) The
orbits are pyramidal shaped: the apex = posteriorly, the
base = anteriorly. The orbital axis runs from posterior to
anterior in the bony orbit: it is a line that passes through the
apex of the orbit and the center of the opening of the
orbit Fig. 3.17a). The optic-ocular axis however: from pos-
terior globe to anterior globe does not run parallel to the

globe; in addition, it provides attachment to the
extra ocular muscles. As such, Tenon’s capsule, a
dense elastic connective tissue membrane, is per-
forated to allow for adequate functional insertion
of the EOM tendons.

The transparent cornea has a refractive power
of 40-45 diopters and together with the lens
(refractive power of 20-22 diopters) it assures
that light beams are focused on the retina. The
cornea has its thinnest aspect in the center. Its
outer surface is covered by a multilayer and has
an epithelium which is continuous with the adja-
cent bulbar conjunctiva, the structure that covers
the anterior part of the globe, i.e., sclera and the
backside of the eyelids.

For descriptive purposes, the conjunctiva may
be divided into three subdivisions:

1. Tarsal or palpebral lining the eyelids

Posterior quadrants

orbital axis, when there is a forward gaze. It is a straight line
passing through the geometrical center of the lens. (b) coro-
nal view of the anterior globe surface half up to the equator
level with division into 4 anterior quadrants. (¢) coronal
view of the posterior globe surface half up to the equator
level with division into 4 posterior quadrants. (With permis-
sion from: Grays Anatomy 42nd edition)

2. Forniceal, and lower
fornices
3. Bulbar, overlying the sclera on the anterior

portion of the globe (Fig. 3.1)

While the cornea is mostly avascular besides
vascular supply at the region of the limbus, many
sensory nerves derived from the ciliary nerves
reach the cornea and make it a highly sensitive
area. At the posterior pole of the globe, the sclera
is perforated by fibers of the optic nerve at the
lamina cribrosa.

The limbus is created by the sclerocorneal
junction.

The canal of Schlemm, a vascular scleral
venous sinus is located within the posterior part
of the sclerocorneal junction. The canal collects
the aqueous humor from the anterior chamber
and drains into the veins of the eyeball thereby

lining the upper
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Comeal stroma

Conjunctival epithelium
Conjunctiva

Canal of

Scleral spur =
Sclera

Major iridic circle
Ciliary muscle

Fig. 3.18 Schematic view — Anterior chamber angle; the
trabecular meshwork is an annulus of tissue spanning the
angle; its meshes are shown in transverse section opposite
the canal of Schlemm and partly attached to the scleral

maintaining fluid homeostasis. The adjacent tra-
becular meshwork is a specialized tissue, drain-
ing aqueous humor from the anterior chamber
and as such responsible for controlling the intra-
ocular pressure.

There are in fact two fluid (aqueous humor)-
filled chambers in the eye: an anterior chamber
and posterior chamber. The anterior chamber
including the trabecular meshwork is located
between the cornea and the iris, the posterior
chamber between the backside of the iris, the lens
capsule, and the ciliary processes or corona cili-
aris, which is part of the ciliary body (Fig. 3.18).
The aqueous humor is produced by the ciliary
body and flows into the anterior chamber through
the narrow slit communication between the iris
and the lens.

Centrally, behind the lens, the vitreous body
(corpus vitreum) is located against the inner sur-
face of the retina.

The uvea, or uveal tract is composed of three
parts: iris, ciliary body, and choroid.

The iris, from anterior to posterior consists of
an anterior border layer, a stroma including the
sphincter pupillae muscle, an anterior pigment
epithelium including the dilatator muscle and a
posterior pigmented layer. The ciliary body, con-
tiguous with the iris anteriorly and with the cho-
roid posteriorly contains the ciliary muscle and
the ciliary processes.

Line or ring of
p Schwalbe
Anterior chamber

Posterior chamber

spur. A single iris process bridges the angle, connecting
the trabecular meshwork to the anterior tissues of the iris.
(with permission from: Grays Anatomy 42nd edition)

The largest part of the uvea is the choroid, the
vascular layer of the eye ball, which extends from
the ora serrata and is responsible for the nourish-
ment of the outer half of the retina.

The iris, the diaphragm of the eye, a
circular pigmented organ, the part of the uvea
located anteriorly, conveys the pupil, a central
hole looking black. This opening is regulated by
the activity of the sphincter and dilatator pupillae
muscle; the sphincter muscle being strongest.

The ciliary body also inhabits the smooth cili-
ary muscle and the ciliary processes which sus-
pend the lens by the ciliary zonulae of Zinn:
suspensory ligaments closely related to the cili-
ary processes and connecting the capsule of the
lens to the ciliary body.

The lens itself, positioned behind the iris is
situated on the anterior surface of the vitreous
body. The ciliary muscle changes the curvature of
the lens, necessary for accommodation, i.e.,
focusing of the eye. The central portion of the
anterior lens is related to the pupil.

Contraction of ciliary muscle relieves tension
upon the lens resulting in more convex form,
which is made possible by the outermost layer of
the lens, the highly elastic capsule. Increase of
lens curvature resulting after contraction of cili-
ary muscle allows for near vision.

The choroid, supplied by the posterior ciliary
arteries lies between the sclera and retina but is
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absent in the region of the lamina cribrosa to
allow the optic fibers to exit to form the optic
nerve. The choroid is built up of four layers: from
outward, larger vessels inward containing smaller
vessels up to capillaries and an inner layer, Bruch’s
membrane, the lamina basalis or lamina vitrea.

The serrated junction between the retina and the
ciliary body is called ora serrata: the termination of
the retina which corresponds with the acute transi-
tion between the nonphotosensitive, nonfunctional
area of the ciliary body and the complex multilay-
ered photosensitive region of the retina. The inner
surface of the choroid is covered by a pigmented
single cell layer (stratum pigmenti) which contin-
ues around the whole inner surface of the eye.

The innermost layer, the so called neural tunic
or retina consists of ten layers, from outward
inwards the most fundamental being the layer of
rods and cones (photoreceptors), the layer of
bipolar cells, and a layer of ganglionic stratum of
the retina. The innermost layer, the stratum inter-
num borders the aqueous humor from the retina.
External to the outer layer of rods and cones is the
stratum pigmenti, which finally absorbs the light
which has been transmitted to all the other
inward directed layers. Located in the posterior
retina is the macula lutea (central portion of
vision) with the fovea centralis, measuring 1 mm?,
The fovea (centralis), a depression within the
macula is located in a straight line behind the lens.
Here the retina is markedly thin because of the
absence of ganglionic cells; the rods (night vision)
gradually disappear from the periphery to the cen-
ter and are replaced by cones (day and color
vision). The fovea centralis contains only cones.

During daylight, visual acuity is high includ-
ing color vison, cones are stimulated more so at
the fovea centralis. At night, mainly rods, which
are present more abundantly in the macula than
in the fovea centralis are activated and visual acu-
ity is low. In the macula, around the fovea, the
ganglionic cell layer of the optic nerve is thick.
There is a point where to the nerve fibers con-
verge to result in the optic disk: optic papilla.
Here, no other layers are present: the disc is
insensitive to light: the blind spot in the visual
field. From the optic disc, the nerve fibers con-
tinue, after passing through the lamina cribrosa to
form the myelinated optic nerve.

The retina is mainly supplied by the central
retinal artery. A second (choroidal) circula-
tion comes via the short and long posterior ciliary
arteries. The central artery of the retina passes
through the lamina cribrosa adjacent to the optic
nerve at the location of the optic disk. The artery
is accompanied by the central vein which drains
in the cavernous sinus.

The globe is surrounded extensively by con-
nective tissue septa including the extraocular
muscles (EOM) connecting them all to the peri-
orbita. It consists of a complicated network
which maintains the spatial relationship and
supports the coordinated globe position during
ocular movement. It also serves as a protection
system, especially in coadjuvancy with the
abundant presence of orbital fat.

The optical axis extends from the anterior to
the posterior pole of the eye and is defined by the
straight line going through the geometrical center
of the lens and the cornea.

The visual axis represents the direction of
gaze; an axis from a fixation point toward the
center of the pupillary entrance subsequently
reaching the fovea.

As mentioned above the orbital axis is the line
from the center of the optic foramen in the apex
extending anteriorly, laterally, and inferiorly to
the middle of the orbital aperture.

The optical axis and orbital axis do not align
when looking straight forward (Fig. 3.17). The
angle between the optical axis and the visual axis
is called angle alpha.

Clinical Implications

An A-P diameter of 24 mm is seen in
emmetropic (normal) eyes. An axis of
> 24 mm is called myopia, of < 23 mm
hypermetropia (Fig. 3.19).

Myopia (Nearsightedness)—difficulty
focusing on faraway objects because of an
abnormally elongated eyeball. Light rays
come into focus before they reach the ret-
ina and begin to diverge again by the time
they fall on it. Corrected with concave
lenses, which cause light rays to diverge
slightly before entering the eye.
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Fig. 3.19 Normal emmetropic eye in contrast to hyperopia and myopia and the effects of corrective lenses. (With
permission from S. Steenen)

Hyperopia (Farsightedness)—difficulty
focusing on nearby objects because of an
abnormally short eyeball. The retina lies in
front of the focal point of the lens, and the
light rays have not yet come into focus
when they reach the retina. Corrected with
convex lenses, which cause light rays to
converge slightly before entering the eye.

Presbyopia—Declining ability to focus
on nearby objects as one ages. An effect of
declining elasticity of the aging lens, often
first noticed around age 40—45. Results in
difficulty in reading and doing close hand-
work. Corrected with reading glasses or
bifocal lenses.

Astigmatism—Inability to simultane-
ously focus light rays that enter the eye on
different planes. Focusing on vertical lines,
such as the edge of a door, may cause hori-
zontal lines, such as a tabletop, to go out of
focus. Caused by a deviation in the shape
of the cornea so that it is shaped like the
back of a spoon rather than like part of a
sphere. Corrected with “cylindrical” lenses,
which refract light more in one plane than
another.

Zinn's Ring and Extraocular Muscle
System

Zinn’s Ring

The common annular tendon is composed of
fibrous tissue condensations from the periorbita
within the orbital apex, the dura lining the SOF,
and optic canal and the optic nerve sheath. The
apical orbital area is located posteriorly in the
orbit, exact definitions however vary (Chap. 2).
The rectus extraocular muscles (EOM) originate
from the ring, while the LPSM, the superior
oblique muscle (SOM), and the inferior oblique
muscle (IOM) outside the Zinn’s ring (Figs. 3.20,
3.21a, b, and 3.22). The rectus muscles diverge
anteriorly to insert onto the sclera (Figs. 3.22 and
3.23).

Zinn described the orbital fibrotendinous ring
already in 1755 (J. G. Zinn 1727-1769 German
Botanist and Anatomist Gottingen) (Fig. 3.24a—
e). In the classic description, Zinn’s ring is the
common origin of the rectus musculature
(Figs. 3.20 and 3.24).

As the term apex already suggests, the orbital
apical part is the narrowest compartment of all
(Chap. 2). The bony boundaries of the apex con-
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ophthalmic
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optic strut

CN I
superior & inferior
division

Fig. 3.20 Schematic view — Zinn’s ring. Classic Zinn’s
ring is outlined: the annulus tendon of Zinn which is the
common origin of the four rectus muscles. The entire
circumference of Zinn’s ring includes the opening of the
optic canal (OC) and the central portion of the superior
orbital fissure (SOF). The optic strut is located inferolat-
eral to the optic canal and divides the ring into the super-
omedial annular foramen which transmits the optic
nerve (CN II) and ophthalmic artery (OA) and the super-
olateral foramen, i.e. the intra-annular central portion of
the superior orbital fissure (SOF) which allows passage
of the oculomotor nerve (CN III) inferior and superior

sist of the lesser wing of the sphenoid: the roof,
the ethmoidal sinus: the medial wall, the greater
wing of the sphenoid: the lateral wall and the
maxillary strut, the bony extension of the greater
wing of the sphenoid connecting to the lesser
wing: the floor of the apex. In fact once we cross
the maxillary strut posteriorly, we enter the apex
orbita [15, 17, 47] (Chap. 2).

Zinn’s ring begins at the orbital openings of
the optic canal and SOF and is continuous with
the dura mater, cavernous sinus, the optic canal,
and the optic nerve sheath. It extends posteriorly
along the optic strut coursing
intracranially, originating from the lateral wall of
the sphenoid body. The tissues are blended in a

Anterior Cranial

superior ophthalmic
vein

oculomotor foramen

Classic
Zinn's ring

IOF
inferior ophthalmic
vein

Infratemporal
Fossa

division, abducens nerve (CN VI), and the nasociliary
nerves. There are two extra-annular compart-
ments -superolateral portion of the SOF and the inferi-
orly located posterior portion of the inferior orbital
fissure (IOF). CN II optic nerve, CN III oculo-motor
nerve, CN VI abducens nerve, SRM superior rectus
muscle, SOM superior oblique muscle, MRM medial
rectus muscle, IJRM inferior rectus muscle, LRM lateral
rectus muscle, SOF superior orbital fissure, /OF inferior
orbital fissure, LWS lesser wing sphenoid, GWS greater
wing sphenoid. (With permission from S. Steenen)

funnel, circular array structure extending back-
ward rather than a ring, though for reasons of
simplicity they are still portrayed as a cylindrical
ring. The terminal posterior tip of the tendinous
funnel inserts at the infraoptic tubercle or a cana-
licular depression which is located below and
posterior to the optic strut.

The central SOF compartment or superolat-
eral foramen, accommodates the oculomotor
(CN III), and abducens (CN VI), and nasociliary
nerves

(branch of CN V1) as well as the sensory and
sympathetic roots of the ciliary ganglion. The CN
IIT divides into its superior and inferior division
before entering the ring. Since the superolateral
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Fig.3.21 (a) Anatomic specimen — Skull with purple out-
line of the position of Zinn’s ring in the posterior orbit, i.e.,
within the apex of the orbit (b) Schematic view of the com-
mon tendinous ring with regard to the location of superior
orbital fissure (SOF) and inferior orbital fissure (IOF);
muscle origins have been superimposed: the attachment of
the four rectus muscles at the ring is depicted as well as the
position of the LPSM, SOM and IOM just outside of the
ring. The relative positions of the nerves and vessels that
enter the orbital cavity by passing through the superior
orbital fissure, optic canal, and oculomotor foramen are
shown. The levator palpebrae superioris and superior

Fig. 3.22 Anatomic specimen — Rectus muscles
originating from Zinn’s ring. Note that the four rectus
muscles project forward to enclose the intraconal space
while the SOM and the IOM are positioned outside the
tendinous ring and thus are located in the extraconal
space. TROC trochlea, SOM superior oblique muscle,
LPSM levator palpebrae superior muscle, OPLG orbital
part lacrimal gland, SRM superior rectus muscle, ON
optic nerve, MRM medial rectus muscle, LRM lateral
rectus muscle, IRM inferior rectus muscle, /JOM inferior
oblique muscle, CN [II oculomotor nerve

Rim of
optic canal

Dural sheath

Optic nerve

Ophthalmic
artery

Inferior rectus

Inferior ophthalmic ven

Lacrimal nerve

Frontal nerve

Superior

ophthalmic vein

I iliary nerve

Lateral rectus

Inferior
orbital fissure

Zygomatic nerve

Infraorbital nerve and artery

oblique lie external to the common tendinous ring to it.
The ophthalmic veins frequently pass through the ring. A
recurrent meningeal artery may run from the orbit into the
cranial cavity through the upper lateral extension of the
SOF instead of a separate crania orbital foramen (COF).
The inferolateral component of the annulus of Zinn divides
the SOF into an intra-annular compartment corresponding
to the so-called oculomotor foramen and two extra-annular
compartments - the superolateral SOF and the posterior
OIF inferiorly. CN III oculomotor nerve, CN [V trochlear
nerve, CN VI abducens nerve. (With permission from:

Grays Anatomy 42nd edition)
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Fig. 3.23 Anatomic specimen — Contents of posterior
orbit with focus on oculomotor foramen. Optic strut (OS)
partially removed and oculomotor foramen opened from
lateral side—frontal nerve (FN) passing through the lat-
eral part of the oculomotor foramen retracted upward to
expose nasociliary nerve (NCN) oculomotor (CN III) and
abducens nerve (CN VI). FN and trochlear nerve (CN IV)
are displaced superomedially on top of the inferior end
of the optic strut (next to metal probe). CN VI enters the

foramen contains two of the optomotor nerves
(CN IIT and CN VI), it is termed the oculomotor
foramen (Figs. 3.20 and 3.21b).

The superior extra-annular compartment of
the SOF transmits the frontal and lacrimal nerves
(branches of CN V1), the trochlear nerve (CN
1V), and the superior ophthalmic vein (Figs. 3.20
and 3.21b). The inferior extra-annular compart-
ment contains the inferior ophthalmic vein and
sympathetic fibers which accompany the internal
carotid plexus eventually reaching the ciliary
ganglion as well as the infraorbital and zygo-
matic nerves embedded in extraconal fat.

Summarizing, the annulus of Zinn surrounds
the optic foramen and oculomotor foramen which
encloses the central 1/3rd of the superior orbital
fissure (Figs. 3.20 and 3.21a, b).

The extraocular muscle (EOM) system gener-
ates the coordinated voluntary ocular movements

ocular surface of the lateral rectus muscle. CN III running
medially to the trochlear and abducens nerve. CN II optic
nerve, CN II[—IOM oculomotor branch to inferior oblique
muscle, OS optic strut, CN IV trochlear nerve, FN frontal
nerve, CN VI abducens nerve, CN V2 trigeminal nerve—
maxillary division, /ON infraorbital nerve, /CA internal
carotid artery, OF orbital floor, SS sphenoid sinus, 7C ten-
torium cerebelli, 7GG trigeminal ganglion, NCN nasocili-
ary nerve, ZN zygomatic nerve

via six extraocular muscles, striated skeletal four
rectus and two oblique muscles (Fig. 3.22).

The lateral, inferior, and medial rectus muscles
(LRM, IRM, MRM) originate from the inferior
tendon of Zinn’s ring, which is located inferior to
the optic foramen; the superior rectus muscle
(SRM) originates from the superior margin of the
optic foramen and completes the upper aspect of
the ring (Fig. 3.21b). Altogether, the rectus muscles
arrange in a cone shape when they run anteriorly
and form a “sleeve”-like structure surrounding and
bounding a separate compartment behind the ocu-
lar globe (Fig. 3.22). This results in the differentia-
tion into an intra- and extraconal space, the
intraconal space located within a musculofascial
cone with the base anterior, formed by the posterior
half of the globe which converges posteriorly on
the tendinous ring at the orbital apex where the rec-
tus muscles insert (Figs. 3.22, 3.24, and 3.25)—see
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Fig. 3.24 (a) Cover title of Johann Gottfried Zinn’s
Book—Descriptio anatomica oculi humani iconibus
illustrata, Gottingae: Viduam B. Abrami Vandenhoeck,
1755. (b) Original drawings of Table V titled “Musculi bulbi
oculi,” from J.G. Zinn’s book and its figures 1 - 5 showing
EOM and the ‘common’ annular tendon (Zinn’s ring) from
different perspectives. (¢) Fig. 1 from Table V enlarged -
superior view of left orbit with LPSM, SRM, SOM, LRM and

the ‘common’ (= ‘Ligamento communi’ in original termi-
nology) annular tendon (d) Fig. 2 from Table V enlarged —
same view as in Fig. 1 after removal of the LPSM, ethmoidal
air cells opened. (e) Fig. 3 from Table V enlarged - inferior
frontal view of left annular/’common’ tendon encompassing
the optic nerve a (cross section anterior) superomedially
and with the EOM (from left to right) MRM, SOM in the
background, LPSM, SOM and LRM
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Fig.3.25 Schematic lateral view—EOM: conal arrange-
ment between Zinn’s ring and scleral/globe attachments.
Note SOM and IOM attachments posterior to the globe—
other than rectus muscles: lateral rectus muscle anterior
attachment anterior to the globe equator. LRM lateral rec-
tus muscle, SOM superior oblique muscle, SRM superior
rectus muscle, LPSM levator palpebrae superior muscle,
MRM medial rectus muscle, IRM inferior rectus muscle,
CN II optic nerve. (With permission from S. Steenen)

below chapter Topographic spaces of the orbit.
Inferiorly, connective tissue extends from the annu-
lus (Zinn’s ring) to blend with Miiller’s orbital
smooth muscle.

The LPSM arises from the periorbita outside
Zinn’ ring over the lesser wing of the sphenoid just
medial of the SRM. It runs in close contact just
above and medially to the SRM until the muscles
diverge at the level of the SRM scleral insertion.

The origin of the SOM is assigned to supero-
medial portion of the common annular tendon
(Zinn’s ring) deriving from the periorbita cover-
ing the sphenoid body. The IOM does not origi-
nate from the annulus, but arises from the
periosteum of the inferior orbital rim immediately
lateral to the opening of the bony lacrimal duct.

As the CN IV emerges the annular tendon, it
innervates the SOM from the extraconal surface,
this is in contrast to the innervation on the intra-
conal (ocular) side for all other EOM.

Approximately 10 mm anterior to the optic
strut, the EOM (LRM, IRM, MRM, SRM) and
the SOM continue anteriorly as separate struc-
tures parallel to the orbital walls until they insert

into the sclera anterior or posterior (SOM) to the
equator of the globe (Fig. 3.23).

On their way, the MRM [48] and SRM show
some origin from the adjacent dura covering the
optic nerve. Lattice-like tissue septa separate the
origin of the rectus muscles while radial septa
connect the muscle to the adjacent orbital
wall [49, 50]. These connective tissue septa are
highly organized and form an accessory locomo-
tor framework with structural organization and
constant pattern; the soft tissue system, apart
from connective tissue contains vessels, nerves,
and smooth musculature. The relation of the eye
musculature, the orbital walls, and the globe with
these connective tissue structures allows for
smooth normal eye movement [49, 50].

Before entering Zinn’s ring, the intracranial
neurovascular structures run via the optic canal,
pass the optic foramen to enter the orbital
apex [47]: the optic nerve (ON), the ophthalmic
artery (OA), and the postganglionic sympathetic
nerves that accompany the carotid plexus.

Tenons capsule invests the anterior projection
of the EOM. The muscle fibers are separated
from each other by a surrounding endomysium.
Halfway through forward, the muscle cone is
centered within the orbit, + 8§ mm from the adja-
cent orbital walls. When the muscles enter Tenons
capsule at the posterior surface of the globe, fas-
cial strands from the muscle sheaths are intercon-
necting with Tenons capsule to contribute to the
pulley—suspensory system.

A complex system of thin fibrous sheaths and
fat tissue is present between the muscles and this
functions together with connective tissue struc-
tures as a pulley through which the muscle moves
and determines the direction of the muscle pull.

Once Tenons capsule is entered, the rectus
muscles arc over the globe, flatten once across a
model of orbital mechanics based the equator, and
insert onto the sclera via a tendinous ligamentary
band, approximately 10 mm in width (Fig. 3.26).

A fascial condensation from the sheath of the
medial rectus muscle contributes to the medial
check ligament and this, in conjunction with the
medial horn of the LPSM, attaches behind the
posterior lacrimal crest to the orbital septum and
to the caruncle and plica semilunaris. The lateral
check ligament is a fascial condensation from the
lateral rectus sheath to Whitnall’s tubercle; addi-
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Fig.3.26 Anatomic specimen — EOM cone—Ilateral view,
attachments of LRM and IOM to the sclera anterior and
posterior to the equator of the globe, respectively; insertion
of LRM at the tendinous ring of Zinn. IOM runs inferior
and medial to IRM. Relation to orbital roof (OR) and

tional attachments are present to the orbital sep-
tum and fornix of the conjunctiva.

The SOM runs forward and becomes invested
by collagen with elastin fibers. It is intimately
involved in the connective supportive system of
the globe.

Unlike the rectus and IOM pulleys, the SOM
has a rigid pulley in the superonasal orbit, the
trochlea, that redirects the intermediate SOM ten-
don and consecutive muscle portion to the pos-
tero-supero-lateral globe quadrant.

The trochlea is a circular fibrocartilaginous
structure, about 5 mm, firmly adherent to a bony
fovea—occasionally to a spine of the frontal bone
at the fovea trochlearis (Fig. 3.22); it consists of
fibrocartilaginous elements making up an overall
cylindrical shape with a characteristic posterolat-
eral flange at the anterior end:

* A biconcave cartilage “saddle” of limited size
(ca. 4 x 4 x 5.5 mm—width/height)

* An inner-tube fibrovascular or trabecular
sheath providing the outer laminae for a fluid-
filled bursa-like paratendinous space

* An outermost layer of dense fibrous conden-
sations with a bony securement folding

orbital floor (OF). Neighborhood of sinus sphenoidalis and
trigeminal ganglion. LRM lateral rectus muscle, OR orbital
roof, IOM inferior oblique muscle, OF orbital floor, CN VI
abducens nerve, OS optic strut, SS sphenoid sinus, 7GG tri-
geminal ganglion

Presumptively, the SOM tendon moves within
the trochlea by staggered interfiber sliding actions
in concert with telescoping of the entire tendon
bundle.

The SOM then finally inserts on the sclera on
the posterotemporal globe surface, which
explains its function: it will rotate the globe:
infraduction (depression), incycloduction (inter-
nal rotation), and slight abduction.

The IOM is unique because of its origin far
apart from Zinn’s ring.

It arises from the periosteum of the medially
located orbital surface of the infraorbital rim,
1.5 mm lateral to the entrance of the nasolacrimal
canal. Its course is posteriorly, lateralward and
upward at an angulation of about 50° to the medial
orbital wall, bends around the lateral globe curva-
ture toward its final insertion to the sclera at the
postero-inferior-lateral aspect of the globe. Along
its course, it passes inferior to the IRM where
both enveloping sheaths of the IOM and IRM
fuse. Here, thickening of Tenons capsule is pres-
ent contributing to Lockwood’s ligament. Its
function is extorsion (external rotation), eleva-
tion, and abduction: it rotates the eye and moves
it upward and outward.
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Fig.3.27 (a—c) Coronal CT scan slides of the orbit: A = anterior; B = midway; C = posterior. Progressive orbital apical
crowding in a female patient with unilateral Graves’ orbitopathy. Note the increase in volume of the rectus musculature
in the left orbit

Clinical Implications

In case of Graves’ orbitopathy (Chaps. 15
and 16), enlargements of the EOM can be
seen. They concern the muscle-bellies them-
seselves, not the tendons. Enlargement can
reach 2-3 times the normal volume. Although
all EOM can be involved, the inferior and
medial rectus are involved most frequently.

The enlargement is caused by inflam-
matory changes including accumulation of
glycoprotein, mucopolysaccharides as well
as GlycosAminoGlycans (GAG) [11].
Enlargement can be massive causing apical
compression.

The volume changes are responsible for
the proptosis. In extreme volume increase
of EOM, apical crowding can result which
may lead to progressive pressure on the
optic nerve: malignant Graves’ orbitopa-
thy: urgent apical decompression is indi-
cated in such cases (Fig. 3.27a—c).

Eventually, inflammatory contracture
will often result in motility disturbances
and subsequently diplopia.

The anterior herniation of extraconal fat
in patients with Graves’ disease affects the
upper eyelid.

Traumatic rupture of the superior
oblique tendon in approximation of the
trochlea is a rare cause of acquired Brown’s
syndrome: restricted elevation in adduc-
tion: upward gaze limitation.

Brown in 1949 [51-53] described a
shortening of the tendon sheath of the supe-
rior oblique tendon. The origin of this
entity however is still subject of debate.

Surgical reinsertion is highly favorable
for the outcome and to prevent malfunction
of the SOM.

As the trochlea is located very anteriorly
and as such likely to be affected in medial
orbital injury, direct trauma to the troch-
lea—pulley and/or superior oblique muscle
tendon may result: acquired Brown’s
syndrome.

In case of an orbital roof fracture
(Chap. 11), also restriction of the superior
oblique muscle tendon may occur [53]
Acquired Brown’s syndrome [54] can be
treated by superior oblique and trochlear
luxation.

Once the connective tissue framework
within the orbit is ruptured, motility distur-
bances of the globe may result [49, 50].
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Topographic Spaces of the Orbit

The orbital cavity itself is divided into several
spaces [14]: the subperiorbital or subperiosteal
space, the extraconal and intraconal spaces, and
the lacrimal space. The subperiorbital or subperi-
osteal space is a potential space. The cone-shaped
array of the EOM and the connective septa system
separate the extraconal from the intraconal space.
Thus the extraconal space corresponds to the
compartment outside the musculofascial cone. It
is bounded by the periorbita externally and by the
orbital septum anteriorly. The inner side of this
space is formed by the fascial EOM envelopes.

The intraconal space is retrobulbar and lies
within the musculofascial cone; so its anterior
base is the posterior sphere of the globe while its
sides are formed by the extraocular muscle con-
tiguous to Zinn’s Ring within the orbital apex.

The intraconal space contains the CN II, the
superior & inferior division CN III (including the
parasympathetic motor root to the ciliary ganglion
and the ganglion itself), nasociliary branches of
CN V1 including the long and short ciliary nerves
and CN V1, and branches of the ophthalmic artery
including the central retinal artery.

The extraconal space contains the lacrimal
and frontal and extraconal branches of the naso-
ciliary branches: ethmoidal and infratrochlear
nerve (CN V1), zygomatic and infraorbital
branches (CN V2), CN IV, branches of the oph-
thalmic artery and vein, and the lacrimal gland.

Both compartments contain abundant intra-
conal and extraconal fat which protects and facil-
itates motility. The lacrimal gland fossa can be
regarded as a distinct compartment accommodat-
ing the orbital lobe of the lacrimal gland.

Adipose Body of the Orbit (ABO)

Fat, the adipose body of the orbit (ABO) is abun-
dant within the confines of the orbital cavity
[5] and around the outer orbital area. The ABO
fills all spaces in the orbit left empty by the peri-
orbita, connective tissue septa system, globe,
muscles, neurovascular, lacrimal and glandular
structures and represents almost half of the total

orbital volume. It is not consistently unraveled
yet whether the ABO is a continuous entity with
ramified projections or if it is partitioned into
single zones. This seems of interest because fat
compartments might behave differently with
aging or a disease process. The retrobulbar intra-
conal and extraconal part of the ABO accounts
for most of the intraorbital fat.

The extraconal collection of fat continues
anteriorly and distributes circumferentially
around the globe (Fig. 3.28a, b). This peribulbar
ABO area appears to furnish fine extensions next
to the fornix margins into the upper and lower
eyelids where they merge into two or three fat
compartments, respectively.

Recently the lower, potentially also the upper,
eyelid fat pads were reported as discrete com-
partments being separated from the posterior
intraorbital ABO by kind of a fascial membrane,
called the circumferential intraorbital retaining
ligament. This ligamentous barrier is ascribed to
the connective tissue system and the EOM pul-
leys. It attaches alongside the equator of the
globe and along the perimeter of the orbital wall
facing to it.

The quality of the ABO fat lobules, i.e., their
size and shape, differs corresponding to their
topography. The anterior peripheral orbital zones
show a small packed and rather fibrous lobula-
tion, while the retrobulbar central zone back into
the apex presents large, egg-shaped lobules
woven into a few thin fibrous septa.

Besides a cushioning function, a model of
orbital mechanics based upon Finite-Element
Analysis (FEA) confirms the theory that the sup-
porting action of the orbital fat contributes to the
suspension of the eyeball and to the stabilization
of the rectus EOM gliding tracks.

Distinct preaponeurotic fat pockets are located
directly deep to the septum.

The fat pockets are anterior extensions of
extraconal orbital fat.

In the upper eyelid, two fat pockets are located
anterior to the LPSM, divided in a medial and a
larger central location and covered by a thin cap-
sule. Interlobular septa are abundantly present.
The lateral compartment is occupied by the lacri-
mal gland.
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Fig. 3.28 Anatomic specimens _ (a) Orbital septum
elevated (scissors) over fat compartments in the lower
eyelid (b) Fat compartments of the eyelids. Upper eye-
lid: two retroseptal or preaponeurotic fat pads plus the

Cranial to the orbicularis muscle, the frontalis
muscle is separated from the underlying perios-
teum by a fat pocket: the superior Retro-
Orbicularis-Oculi Fat pocket (ROOF). This fat
tissue extends from the supraorbital notch to the
temporal ligament laterally. It is buried in a split
of the deep galea layer. The fat pocket can
descend into the upper eyelid through the orbicu-
laris retaining ligament, projecting downward
just anterior to the orbital septum and so behind
the orbicularis muscle.

In the lower eyelid, there is a medial, central,
and lateral fat pocket.

The arcuate expansion of Lockwood’s liga-
ment spreads in between the central and lateral
(temporal) fat pocket. The lateral fat pocket can
be multilocular. Eisler’s “fat” pocket is a minor
accessory fat pad located superficial to and
immediately above Whitnall’s tubercle. The cen-
tral and medial fat pockets are separated by the
inferior oblique muscle (IOM).

Along the face, a system of several layers of fat
pads is present. Superficially, there is the subcuta-
neous fat layer which is absent in the eyelids.

In the malar region, the Sub-Orbicularis-
Oculi Fat (SOOF) pocket is located inferior to
the inferior orbital rim. A medial component
along the orbital rim, the medial SOOF is distin-
guished from a lateral SOOF compartment
extending over the malar prominence. The lat-

lacrimal gland underneath the elevated septum. Lower
eyelid: three fat pads still contiguous and covered by
orbital septum—

eral SOOF appears to connect by means of a
temporal tunnel to the inferior temporal com-
partment. Superiorly it is bordered by the orbi-
cularis retaining ligament, which separates it
from the eyelid.

Neurovascular Anatomy
of the Orbit

Optic Nerve (CN II)

It is essential to understand that the so called
N. opticus is a white matter protrusion from the
diencephalon which according to the current state
of research is unlike other cranial or peripheral
nerves incapable to regenerate in terms of a resti-
tutio ad integrum. Even though a label such as
“fasciculus opticus cerebralis” would appear more
meaningful, the expression optic nerve is the con-
ventional nomenclature. Each CN 1II is part of the
afferent visual pathway (Functional Category:
Special Somatic Afferent—SSA) composed of
approximately 1.2 million retinal ganglion cell
axons which are myelinated by oligodendrocytes
posterior to the lamina cribrosa. CN II passes from
the globe and the orbit via the optic canal to the
optic chiasm with a total length of 45-50 mm and
can be divided into four zones: intraocular, intraor-
bital, intracanalicular, and intracranial.
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The intraocular component or optic nerve
head (optic papilla) is only 1 mm thick. The
axons leaving the retina to form the optic nerve
posteriorly exit through the perforations in the
sclera (Iamina cribrosa) and become myelinated.

The intraorbital CN II portion or retrobulbar
segment is 3—4 mm in diameter and 25-30 mm
long. This portion runs a serptine course to cover
the 20 mm spatial distance between the optic
foramen and the posterior pole of the eyeball.
This reserve length allows for movement and a
certain limit of distension. Before entry into the
canal, CN II passes through the superomedial
annular foramen of Zinn’s ring. Meningeal layers
(pia mater, arachnoidea, dura) envelope the CN II
along its intraorbital and intracanalicular course.
The subarachnoidal space around CN II contains
cerebrospinal fluid and communicates with the
intracranial subarachnoidal space (chiasmal cis-
tern).The central retinal artery, originating from
the ophthalmic artery, and an accompanying vein
pierce the dural nerve sheath from inferomedially
some 5-15 mm posterior to the globe, advance
within the subarachnoid space, and penetrate the
nerve stroma in a vertical direction on their way
to the retina.

The intracanalicular CN II inside the LWS
(optic canal—Table 3.1) is 5-8 mm long and sup-
plied with pial branches of the ophthalmic artery
which runs along the inferolateral surface of the
nerve. Within the canal, the optic nerve is vulner-
able to compression.

The two intracranial CN II parts, running
along the medial aspect of the anterior clinoid
process travel toward the optic chiasm (Fig. 3.29).
Approximately 10 mm long, they lie in the sub-
arachnoid cistern of the optic chiasm directly
beneath the frontal lobes and with the internal
carotid at their lateral surfaces.

The CN II contains the afferent, sensory limb
for the light reflex. Anatomically, the afferent
limb consists of the retina—optic nerve—pretec-
tal nucleus in the midbrain (level superior collic-
ulus). The efferent limb has nerve fibers running
along the CN III.

Oculomotor Nerve (CN III)

The oculomotor nucleus is located in the mid-
brain in the gray substance of the floor of the
cerebral aqueduct; the (accesory parasympa-
thetic) nucleus Edinger-Westphal is located dor-
sal to the oculomotor nucleus and provides the
autonomic function of the oculomotor nerve to
the intrinsic eye-musculature. The somatic por-
tion of the oculomotor nucleus of the midbrain
contains a paired topographic individual ocular
muscle localization of motor neurons.

CN III exits ventrally from the brain stem in
front of the pons (interpeduncular space) and
once it runs lateral to the posterior clinoid pro-
cess, it pierces the dura mater at the top of the
clivus and enters the lateral roof of the cavernous
sinus lateral to the abducens nerve. It then runs
through the lateral wall of the cavernous sinus
just above the trochlear nerve, lateral to the intra-
cavernous ICA (Fig. 3.30). Anteriorly in the cav-
ernous sinus, the oculomotor nerves receive
sympathetic fibers from the superior cervical
sympathetic ganglion via the ICA plexus; there is
no direct functionality with the CN III, however
small branches communicate with the CN III as it
passes through the cavernous sinus, finally reach-
ing the end organ: the superior tarsal muscle, i.e.,
Miiller’s muscle.

It enters the orbit through the central part of
the SOF (Table 3.1), the superolateral or oculo-
motor foramen of Zinn’s ring close to the lateral
surface of the optic strut (Figs. 3.20, 3.21b, and
3.23).

The nerve splits into its two divisions within
the SOF or sometimes in the anterior cavernous
sinus already. The CN III innervates all EOM as
well as the LPSM: functional category — General
Somatic Efferent (GSE). The smaller superior
division passes the oculomotor foramen next to
the tendinous attachment of the superior rec-
tus muscle and sends branches to the ocular (infe-
rior) surfaces in the posterior third of the SRM
and LPSM. The nerve fibers pass medially around
the superior rectus muscle to insert into the LPSM.
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Fig.3.29 Anatomic specimen — Coronal section through  nial) leading to the chiasma opticum. MT middle turbi-
the midorbits posterior to the eyeball, midfacial skeleton, nate, NF nasal floor, PRMA posterior recess of maxillary
skullbase, and frontal bone around the orbits removed to  antrum, UV uvula, ON optic nerve, ICA internal carotid
show contents of orbital apices and retrobulbar optic  artery, SS sphenoid sinus, OR orbital roof

nerve segments (intraorbital, interacanlicular, intracra-

CNIll (Oculomotor)

CNIV (Trochlear)
CNIV (Trochlear)

CNIIl (Oculomotor)
n.Vi((Trigeminal,
ophthalmic div.)

n\Vi (Trigeminal,
CNVI (Abducens)

ophthalmic div.)

~deep wall
of cav. sinus

lateral wall
of cav. sinus

n.Vz (Trigeminal,
maxillary div.)

n.Vz ((Trigeminal,
maxillary div.)

Fig. 3.30 Schematic coronal view of cavernous sinus; note that the CN VI abducent nerve is located within the sinus,
near the ICA, in contrast with the CN III, IV, and CNV1 and CNV2, which are located within the sinus wall. (With
permission from S. Steenen)
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The larger inferior division, as it enters the
intraconal space divides in the orbital apex into
the following three subdivisions: medial, central,
and lateral, which initially all run lateral to the
optic nerve. The medial branch crosses beneath
the optic nerve to reach the ocular (lateral) sur-
face of the MRM in its posterior third. The cen-
tral branch runs anteriorly to innervate the IRM
from its ocular (superior) surface, again posteri-
orly. The lateral branch is the longest and travels
anteriorly along the lateral border of the IRM to
enter the IOM near its midpoint (Fig. 3.23). The
latter branch carries the parasympathetic fibers
(functional category: General Visceral Efferent—
GVE) which, after synapsing in the ciliary gan-
glion, continue within the short ciliary nerves to:

— The involuntary musculus sphincter pupillae
(pupillary constriction)

— The involuntary ciliary muscle (accommoda-
tion controb

— Regulate the flow of aqueous humor into
Schlemm’s canal

— Carry sensory proprioceptive neurons from
the IOM which run with the lateral branch of
the inferior CN III division

The CN III is responsible for the efferent limb
of the light reflex: pretectal nucleus—Edinger
Westphal (midbrain)—preganglionic parasympa-
thetic fibers—ciliary ganglion (synapse)—post-
ganglionic fibers—ciliary sphincter: control of
the diameter of the pupil to regulate the light
intensity entering the eye.

Clinical Implications
Interference of the oculomotor nerve
results in a downward and outward devia-
tion of the globe (functioning superior
oblique and lateral rectus muscle) includ-
ing ipsilateral ptosis of the upper eyelid.
The pupil is dilated without reaction (direct
and consensual) to light (musculus sphinc-
ter-constrictor pupillae) or accommodation
(ciliary muscle).

The branch to the inferior oblique mus-
cle is just underneath the periorbit and at

risk for lesions by compression when the
soft tissues are elevated e.g., lacerations of
the periorbita during exploration of the
orbital floor. The intraoperative mydriasis
is not necessarily a direct effect from irrita-
tion of the ciliary ganglion but also from
the compression of its parasympathetic
root which derives from the CN III branch
to the inferior oblique muscle. This para-
sympathetic root is located more anteriorly
than the ciliary ganglion (compare Ciliary
ganglion section).

Trochlear Nerve (CN 1V)

CN 1V is the single cranial nerve emerging from
the dorsal aspect of the brain stem. It has the
smallest caliber of all CNs and the longest intra-
cranial course of approximately 40 mm; it is a
somatic efferent nerve (functional category -
GSE) that innervates the SOM. From the inferior
tectal lamina, CN IV is curving around the cere-
bral peduncle above the pons and along the free
edge of the cerebellar tentorium. The dura is pen-
etrated inferior and lateral to the entry point of
CN III into the cavernous sinus. Due to this long
pathway [55], CN IV appears particularly vulner-
able to injury from blunt head trauma.

Within the lateral sinus wall, CN IV moves up
continuously on its way forward to finally cross
over CN III before entrance into the SOF (Fig. 3.23).
It runs outside Zinn’s ring, in classical terms through
the superolateral narrow portion of the SOF
(Table 3.1), accompanied by the frontal and lacri-
mal branches from the ophthalmic trigeminal divi-
sion, overlaying it at first (Fig. 3.21b). Along its
intraorbital course, CN IV remains entirely extra-
conal. The frontal and lacrimal nerves move to the
lateral side of the CN IV. From a superomedial posi-
tion in the orbital apex, CN IV turns medially across
or rarely piercing the LPSM to run on the orbital
(superolateral) SOM surface. The neuromuscular
junction is commonly situated on the extraconal
IOM surface in the posterior or middle one-third of
the muscle. CN IV may separate consecutively in
up to four branches with two branches in the major-
ity. A recent study indicates that CN IV is not always
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a pure motor nerve but occasionally has a mixed
nerve fiber composition conveying motor and sen-
sory (nociceptive) information.

Clinical Implications

As CN 1V partly runs adjacent to the medial
bony wall, the nerve is prone for injury in
case of midfacial trauma.

Trigeminal Nerve (CN V)

Somatosensory Innervation
of the Orbit

The trigeminal nerve CN V represents the major
sensory nerve of the face. Its sensory ganglion
(synonym: Gasserian or semilunar ganglion) is
seated in an impression near the apex of the
petrous bone in the middle cranial fossa.

“Meckel’s cave” is a dural pocket that con-
tains the sensory and motor roots of the trigemi-
nal nerve, the trigeminal ganglion, and the
trigeminal cistern.

The sensory nerves of the orbit come from the
ophthalmic trigeminal division (V1) for the main
part. The maxillary division (V2) contributes the
zygomatic nerve and the infraorbital nerve, which
pass through the inferior and lateral orbit.

Trigeminal Ophthalmic Division (CN
V1)—Ophthalmic Nerve

The trigeminal ophthalmic division (CN V1) is
the smallest of the three peripheral trigeminal
divisions.

CN V1 is responsible for the sensory innerva-
tion of the eye [56], orbit, ocular adnexa, and
forehead above the palpebral fissure, nasal dor-
sum and sidewalls, upper nasal cavity including
the septum, ethmoid, sphenoid, frontal sinuses,
and anterior cranial fossa. Of particular note is
the cornea which is the most densely innervated
tissue in the human body.

Within the lateral wall of the cavernous sinus,
the ophthalmic nerve branches into the lacrimal,
frontal, and nasociliary nerves which enter the
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orbit through the SOF. The lacrimal and frontal
nerves run outside Zinn’s ring, the nasociliary
nerve passes through the superolateral foramen
of the ring.

The nasociliary nerve, inside the apex sends
out a communicating branch, the sensory root as
well as sympathetic fibers, to the ciliary ganglion.
The sympathetic axons travel anteriorly in the
orbit via the nasociliary and lacrimal nerves to
innervate the sympathetic eyelid muscles; sen-
sory fibers are carried from the iris, ciliary body,
and cornea.

To arrive in the superomedial orbit, the naso-
ciliary nerve exits the muscle cone in the inter-
space between the MRM below and the SOM and
SRM above. Joined with branches of the ophthal-
mic artery, the anterior and posterior ethmoidal
nasociliary nerve branches leave the orbit through
the same named foramina. The terminal branch of
the nasociliary is the infratrochlear nerve (ITN).
This advances inferior to the SOM and trochlea to
the medial palpebral commissure, where it splits
into multiple terminal ramifications to the eyelid,
lacrimal sac, caruncule, and the external nose. It
exchanges fibers with the supratrochlear nerve
(STN), the terminal branch of the frontal nerve.

The frontal nerve (FN), the largest CN V1
branch, runs outside Zinn’s ring (Fig. 3.21b) and
passes through the narrow superior lateral SOF
sector on the medial side of the lacrimal nerve,
below the trochlear \nerve (CN IV) and above the
superior ophthalmic vein. The frontal nerve runs
forward on top of the LPSM surface covered by
the periorbita just below the longitudinal midline
of the orbital roof (Fig. 3.31). At this level, the
nerve bifurcates into the supraorbital and supra-
trochlear nerves. The supraorbital nerve main-
tains the forwards course of the frontal nerve now
on top of the LPSM and exits the orbit at the
supraorbital notch or foramen. Its terminal
branches, a singular lateral deep branch and sev-
eral superficial branches fanning out medially,
bundle sensory fibers from the middle upper eye-
lid, the conjunctiva, eyebrows, forehead, and
scalp as far back as to the vertex. Compared with
the supraorbital, the supratrochlear nerve has a
smaller diameter. It turns medially and passes
above the trochlea to leave the supraorbital rim
medially of the supraorbital nerve either through
a foramen or notch. It receives fibers from
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Fig. 3.31 Anatomic specimen — Lateral view of the
orbital contents after opening the oculomotor foramen
between the origin superior rectus muscle (SRM) and the
lateral rectus muscle (LRM). LRM (black sutures) and
SRM (hook) retracted to expose the ciliary ganglion (CG).
CG is located between the CN II and LRM, medially it is
related to the ophthalmic artery. OA ophthalmic artery,

the medial upper eyelid and brow, lateral glabel-
lar region, and the lower forehead up to the mid-
line. The main branches of the FN and SON run
deep to the orbicularis oculi muscle, from the
supraorbital notch to the superior border of the
tarsal plate. The STN and ITN run between the
orbicularis muscle and the overlying skin. The
lacrimal nerve continues to run forward between
the orbicularis oculi muscle and the tarsal plate.
The upper eyelid is primarily supplied by the
SON and the FN while the medial extension is
supplied by the STN and ITN and the lateral
extension mainly by the lacrimal nerve.

The intraorbital course, the occurrence, form,
and position of the nerve exit points as well as the
extraorbital distribution of both the surpraorbital
and supratrochlear nerves and their branches/
subbranches are highly diverse and the subject of
numerous recent studies in the context of corneal
neurotization, migraine surgery, and cosmetic
filler injections.

The lacrimal nerve (LN), the smallest branch
of CN V1 runs outside Zinn’s ring and passes the
SOF on the lateral side of the frontal nerve. Its
course in the superolateral orbital quadrant fol-

PEA posterior ethmoidal artery, FN frontal nerve, SRM
superior rectus muscle, CN II optic nerve, CG ciliary gan-
glion, ICA internal carotid artery, CN III oculomotor
nerve, NCN nasociliary nerve, CN VI abducens nerve,
LRM lateral rectus muscle, SCN short ciliairy nerve, OF
orbital floor, JOM inferior oblique muscle, SS sphenoid
sinus, 7GG trigeminal ganglion

lows the superior border of the LRM. It provides
the sensory innervation to the lacrimal gland,
conjunctiva, and is variably involved in the para-
sympathetic secretomotor supply of the gland
(see later). After switchover in the pterygopala-
tine ganglion, the postsynaptic parasympathetic
fibers are carried within the zygomatic (= CN V2
branch) and zygomaticotemporal (ZTN) nerves
to join the lacrimal sensory nerve across a com-
municating branch before they enter the gland.
Different from this, least frequently occurring
in classic textbook descriptions, a direct entry of
the ZTN without a preceeding communication to
the lacrimal nerve appears as the most commonly
found variant. A dual connection via provision of
a communicating branch to the lacrimal nerve
and a direct ZTN contact to the gland takes the
second place in frequency.

Trigeminal Maxillary Division (CN
V2)—Maxillary Nerve

The maxillary nerve carries sensory information
from the lower eyelid, the cheek, upper lip, ante-
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rior upper gingiva, nasal, palatal, pharyngeal
mucosa, and maxillary, ethmoid, and sphenoid
sinus.

After giving off the middle meningeal nerve
once it leaves the Gasserian ganglion, the CN V2
enters the pterygopalatine fossa through the fora-
men rotundum and splits into three major
branches: sphenopalatine nerve, the infraorbital
nerve, and the zygomatic nerve; the zygomatic
nerve may also divert from the infraorbital nerve
during its course in the pterygoid fossa on its way
toward the IOF.

The sphenopalatine (pterygopalatine) nerve
courses straight downward. Some branches pass
through the pterygopalatine ganglion without
synapses, the main part continues below the gan-
glion and enters the pterygopalatine canal.

The infraorbital nerve, having reached the
pterygopalatine fossa, turns anterolaterally to
pass through the IOF sinkhole or the infratempo-
ral fossa, respectively to ascend immediately
toward the posterior end of the infraorbital
groove. The opening to the groove is situated just
below the bone level of the orbital floor. Running
anteriorly, in the midorbit the infraorbital groove
becomes roofed and converts into the infraorbital
canal. The canal is minimally longer (average
14 mm; range 5-22 mm) than the groove (aver-
age 13 mm; range 7-22 mm). On its way anteri-
orly, the canal descends from the orbital floor
progressively into the maxillary sinus. The com-
mon axis of the groove and canal follows a slight
forward curvature with a posterolateral start from
just anterior of the IOF isthmus directed to the
infraorbital foramen as an anteromedial emerg-
ing point. As mentioned alongside this passage,
the infraorbital nerve is accompanied by the
infraorbital artery giving off multiple small
branches (perforator vessels to IRM) from the
open upside of the groove (Fig. 3.32). Inside the
canal portion, the nerve delivers the middle and
anterior superior alveolar rami. Outside the infra-
orbital foramen, the infraorbital nerve splits into
a fan of branches, the inferior palpebral, the supe-
rior labial, and the internal and external nasal
rami (Fig. 3.33).

Parasympathetic and sympathetic fibers are
associated with the course of the infraorbital
nerve.

P.J. J. Gooris and C.-P. Cornelius

The arterial strand divides into several smaller
branches which perforate to the periorbita and
the rectus muscle along the top side of the infra-
orbital groove. These branches must be meticu-
lously cauterized during subperiorbital dissection
away from the orbital floor.

If not handled with great care, these perforater
branches can be responsible for the occurrence of
a retrobulbar hematoma, i.e., orbital compart-
ment syndrome (Chap. 13).

The zygomatic nerve is a branch of the max-
illary nerve (CN V2). It may appear to be a
branch of the infraorbital nerve, exiting either
just before or while the infraorbital nerve tra-
verses the IOF.

The zygomatic nerve deviates laterally
already beneath the IOF and periorbita level to
turn toward the inside of the lateral orbital wall,
entering the zygomatico-orbital foramen where
it may subdivide into the zygomaticofacial
(ZFN) and zygomaticotemporal (ZTN) nerves,
departing the orbit (Table 3.1). The ZFN and
ZTN may differ in their course and mutual con-
version during the depart and exit between vary-
ing constellations and numbers of foramina
inside and outside the orbital cavity. According
to their openings at the facial and temporal sur-
face of the zygoma, the nerves are sensory for a
skin territory in the upper cheek, lateral lower
eyelid, and lower temple.

Clinical Implications

In a superior orbital fissure (SOF) syndrome
[57, 58], the neural structures passing
through the fissure may be involved to a dif-
ferent degree. In the complete clinical pic-
ture, the combination of motor impairment
due to CN III-CN IV-CN VI lesions results
in ophthalmoplegia and subsequently pro-
ptosis due to decreased tension of the
EOM. Ptosis will occur due to loss of func-
tion of the LPSM & loss of sympathetic
input to Miillers superior tarsal muscle
(long ciliary nerves). Focus impairment
(loss of accommodation) and a fixed, dilated
pupil (loss of parasympathetic innervation
by ciliary nerves—inferior div. CN III to
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Fig. 3.32 Anatomic specimen — Orbital contents—
medial approach with infraorbital neurovascular bundle in
the center—inferior oblique muscle and oculomotor nerve
inferior branch hook retracted—anatomic specimen.
Nerve branches entangled with numerous small arterial
branches exiting from a larger arterial strand. The small
arteries correspond to perforators entering the periorbita
on their way to the inferior rectus muscle undersurface,

ciliary and sphincter pupillae muscle) are
present. The corneal reflex is absent due to
loss of afferent input (long-short ciliary
nerves) from the CN V1 (ophthalmic divi-
sion).There is paresthesia of the upper eye-
lid and lacrimal hyposecretion (CN V1
frontal, lacrimal, and nasociliary branches)
(Fracture sites compare—Fig. 3.34a, b).
Loss of vision indicates involvement of the
orbital apex (superomedial foramen of
Zinn’s ring) and the condition is called
orbital apex syndrome.

Inset: Schematic view — midsagittal plane through left
orbit and maxillary antrum—schematic view. CN V2 and
infraorbital neurovascular bundle with entrance of the
artery into the orbital floor via the infraorbital groove.
The perforators (see text) derive from this part of the
infraorbital artery (With permission from https://sur-
geryreference.aofoundation.org).

Fig. 3.33 Anatomic specimen — Fanning of infraorbital
artery and nerve fascicles from infraorbital foramina. The
innervation pattern provides sensory supply to the peeled
off soft tissues all around the lower circumference of the
bony orbit, including the lower eyelids
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Fig. 3.34 [Illustration — Superior orbital fissure syndrome
and trauma mechanism responsible for differences in clinical
symptomatology (a) Fracture site in the lateral part of
the lesser wing of sphenoid (LWS) and downward displace-

Abducens Nerve (CN VI)

The abducens nerve exits the brain stem ventrally at
the pontomedullary junction. The neurons arise in
the paired motor nuclei in the pons. After an ascend-
ing prepontine intracranial course, it pierces the
dura of the posterior cranial fossa on the clivus. CN
VI advances from its petroclival entrance point sur-
rounded by a dural sleeve which is situated in
between the sphenopetroclival venous confluence
and the lateral wall of the cavernous sinus. CN VI
runs rather in the body then in the lateral wall of the
cavernous sinus (Fig. 3.30). The sleeve represents a
short osteofibrous tube named Dorello’s canal,
which passes below the butterfly-shaped petrosphe-
noid ligament. The vulnerability of CN VI in severe
cranial and cervical trauma or by increased intracra-
nial pressure cerebral herniation and downward
migration of the brainstem is attributed to its firm
rostral tethering within Dorello’s canal. Within the
cavernous sinus, CN VI continues forward on the
lateral side of the posterior vertical segment of the
internal carotid artery and medial to the ophthalmic
nerve (CN V1) (Fig. 3.30). The SOF is passed
inside the superolateral part of Zinn’s ring inferior
to the superior CN III divison, inferolateral to the
nasociliary nerve, and lateral to the inferior CN IIT
division (Table 3.1). In the orbital apex, CN VI
shifts laterally to spread several subbranches along
the ocular (medial) LRM aspect (Figs. 3.23, 3.26,
3.31). The neuromuscular junction is located in the
posterior or middle one-third of the muscle.
Sympathetic fibers are carried along with CN VL.

¢

ment - optic canal intact CN II function most likely preserved.
(b) Fracture location in the medial lesser wing sphenoid
including the superomedial foramen (optic canal) and down-
ward displacement — full blown orbital apex syndrome.

Just as CN III and CN 1V, the abducens carries
sensory fibers from proprioceptive receptors in
the EOM.

Clinical Implications

Because of its long and tortuous course
along the cranial base, the CN VI is vulner-
able especially for compressive and/or
traumatic injuries, intracranial tumor
lesions, and infections [59].

Since CN VI does not lie within the lat-
eral wall of the sinus as do the oculomotor
and trochlear nerves but runs in the sinus
itself lateral to the internal carotid artery, it is
generally affected first in case of increased
pressure within the cavernous sinus
(Fig. 3.30). Sympathetic fibers from the
carotid plexus to the dilator pupillae muscle
run with the abducens for a short distance:
thus a fixed pupillary constriction in combi-
nation with abducens palsy may occur.

Autonomic Nervous System

The autonomic nervous system of the orbit and
eye has many functional tasks, which are medi-
ated via parasympathetic and sympathetic path-
ways and their interrelated or antagonistic action:

 Pupil dilatation/constriction
¢ Control of ocular accommodation
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e Influence on reflex circuits and
convergence

*  Width control of the palpebral aperture (STM
and ITM)

e Regulation of intraocular pressure—aqueous
humor homeostasis

¢ Modulation of lacrimal secretion—tear flow
production

¢ Control of ocular blood flow

light

Parasympathetic Pathways

The head has four parasympathetic ganglia: the
ciliary-, the pterygopalatine-, the otic ganglion
and the submandibular ganglion. The orbita
related ciliary- and pterygopalatine ganglion will
be discussed.

Parasympathetic innervation of the eyes com-
mences from two origins:

e Edinger Westphal Nucleus (EWN):
EWN is the accessory subdivision of CN III
nucleus lying in the rostral mesencephalon.

e Superior Salivatory Nucleus (SSN):
SSN is the parasympathetic (lacrimal) con-
stituent of CN VII nucleus lying in the medulla
oblongata.

The preganglionic neurons originating in
EWN gather with the oculomotor nerve, to pro-
ceed along the “IlIrd CN Parasympathetic
Pathway,” to the ciliary ganglion (CG) and syn-
apse there to their postganglionic projections via
short ciliary nerves.

The preganglionic neurons from the SSN
course within the intermediate nerve (parasym-
pathetic and sensory part of CN VII) to the
geniculate ganglion and along the greater petro-
sal nerve following the “VIIth CN
Parasympathetic Pathway” to synapse in the
pterygopalatine ganglion (PPG). The greater
petrosal nerve unites with the deep petrosal
nerve, which consists of postganglionic sympa-
thetic fibers from the ICA plexus, to form the
pterygoid nerve (Vidian) inside the same-named
canal. On this way, the fibers for the parasympa-
thetic root as well as for the sympathetic root
are conveyed to the PPG.

The sensory fibers of the maxillary nerve directly
pass the PPG without synaptic contacts except for
some short fibers which constitute the sensory root
of the PPG. Vasodilator and secretomotor fibers
from PPG are distributed conjoining with the sen-
sory branches of the maxillary nerve (zygomatic
nerve [— occasionally communicating with lacrimal
nerve], greater and lesser palatine nerves, the naso-
palatine, and the pharyngeal nerve) to the lacrimal
gland and mucous membranes of the nose, hard pal-
ate, upper lip and gums, soft palate, tonsils, and
upper part of the pharynx, respectively.

The IOF provides the intraorbital entrance for
the “VIIth CN parasympathetic pathway” and
postganglionic sympathetic fibers.

Sympathetic Pathways

The sympathetic innervation starts from the pos-
terolateral hypothalamus and descends inferome-
dial cell column of the gray substance extending
within the C8-T2 segments of the spinal cord.
The neurons give rise to preganglionic fibers that
connect to the paravertebral sympathetic chain
ganglia and continue to ascend in the sympathetic
trunk to the superior cervical ganglion (SCG)
where they synapse. The complete sympathetic
supply of the head emerges from SCG.

The final postganglionic sympathetic pathways
follow the ICA through the foramen lacerum/
carotid canal into the cavernous sinus, the departure
region for the terminal passage into the orbit [60] is
both through the optic canal and the SOF.

Still proximal to Zinn’s ring, a plexus of sym-
pathetic nerve surrounds the ophthalmic artery.
The main sympathetic access route into the orbit
is by means of the sensory ophthalmic nerve
branches (CN V1)—frontal, lacrimal, and naso-
ciliary, while the extraocular motor nerves—ocu-
lomotor (CN III), trochlear (CN IV), abducens
(CN VI), and the ophthalmic artery plexus are
only partly involved in the sympathetic supply.
Orbital arteries are closely associated with orbital
Sensory nerves.

The nasociliary nerve trunk gives off small
sympathetic ramifications traveling anteriorly
toward the ophthalmic artery, the extraocular
motor nerves, and the CG.
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The tunica media muscle layers of the oph-
thalmic artery and all branches including the cen-
tral retinal artery, frontal artery, and lacrimal
artery, are innervated by sympathetic axons in
contrast to the venous drainage system (superior
ophthalmic vein). This suggests sympathetic con-
trol of the arterial flow within the eye and orbit.

The common path of extraocular motor nerves
and sympathetic fibers may be explainable by the
provision of sympathetic input for the regulation
of the MRM and LRM muscle pulleys.

The long ciliary nerves (from the nasocliary
nerve) carry sympathetic axons anteriorly
through the suprachoroidal space to innervate the
ciliary body, iris (dilator pupillae), and trabecular
meshwork.

Apart from sympathetic nasociliary branches, the
CG receives sympathetic fibers directly from exten-
sions of the ICA plexus and the ophthalmic artery.

The delicate fascicles of the short ciliary
nerves arise from the CG and transport these
sympathetic nerve fibers as well as parasympa-
thetic fibers. While the parasympathetic fibers
innervate the ciliary body (i.e., ciliary muscle)
and iris (sphincter pupillae), the sympathetic
fiber subset is nonspecific and provides vasocon-
striction for the uveal blood vessels. The ocular
adnexal structures such as the tarsal muscles and
lacrimal gland are further destinations of sympa-
thetic efferents in the orbit.

The sympathetic innervation to the superior
(Miiller) and inferior tarsal muscles [61] derives
most likely from the lacrimal and infratrochlear
branches of the ophthalmic nerve. The long ciliary
nerves bring in additional sympathetic supply to
Miillers superior tarsal muscle. The perivascular
sympathetic plexus around the lacrimal artery con-
tinues with the vasculature into the lacrimal gland
and appears to modulate its secretory function by
regulation of the blood flow and direct innervation
of the acini. Moreover some sympathetic fibers
pass along the external carotid artery, through the
pterygopalatine fossa to enter the orbit with the
maxillary artery and the infraorbital nerve.

Sympathetic innervation of the inferior orbitalis
muscle of Miiller, the smooth muscle across the IOF
and adding to the inferior tarsal muscle is conveyed
from the PPG and travels along branches of the
infraorbital nerve, such as the zygomatic nerve.

P.J. J. Gooris and C.-P. Cornelius

Clinical Implications

Horner’s syndrome [59, 62, 63] is caused
by an interruption of the oculosympa-
thetic pathway (pointed out above).
Depending on the extra-, intracranial or
intraorbital location of the “sympathetic
disruption,” it may result in ipsilateral
miosis (pupillary constriction/anisocoria
due to paresis of dilatator muscle) and
mild ptosis (due to paresis of Miiller’s
superior tarsal muscle), both contributing
to pseudoenophthalmus (sinking back of
the eye in the orbit). Ipsilateral impair-
ment of sweating and vasoconstriction in
the face (facial anhidrosis) ensues from
damage at the thoracic/cervical level. In
contrast, lesions at the height above the
superior cervical ganglion—after the
sudomotor and vasomotor fibers have
branched off—show only limited involve-
ment of the face.

Important note: Careful observation will
reveal that the reaction of the pupils to
direct and consensual light and to accom-
modation is preserved since these func-
tional circuitries do not rely on sympathetic
nerve action.

Ciliary Ganglion (CG)

The CG represents one of the four (subman-
dibular, otic, pterygoplatatine and ciliary gan-
glia) parasympathetic cranial ganglia, and
is associated with the ophthalmic division of
the CN V (nasociliary) and the inferior divi-
sion of CN III.

It is the pre-postganglionic relay center of the
“IIIrd CN Parasympathetic Pathway.”

CG lies embedded in fat at the orbital apex,
between the lateral aspect of CN II and the LRM
most often in the midhalf between Zinn’s ring
and the back of the eyeball, 1 cm anterior to the
SOF (Fig. 3.31).

There are numerous variations in size, shape,
number, and location of CG [64].

So it can have a round, ovoid or an irregular,
star-like flattened shape. The mean size approxi-
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mates to 2.5 mm in horizontal diameter, 1.5 mm
in vertical height, and 0.5—1 mm in thickness.

Rarely the CG may be located in close contact
with the inferior division of the oculomotor nerve
(Fig. 3.35). It is most often located lateral to the
CN I, variable in the area between retrobulbar
and ventral to the maxillary strut, i.e., apex orbi-
tae (Fig. 3.36).

The CG has inputs by sensory, parasympa-
thetic, and sympathetic fiber projections, which
join it from the posterior aspect and why they
are named roots; it is associated with roots
from the nasociliary (CN V1) and oculomotor
nerve (CN III) as well as with direct sympa-
thetic rami from the internal carotid plexus
(Fig. 3.37).

Fig.3.35 Lateral view of the orbital contents. Original drawing Fig. 1 from Table VI titled “Nervi & musculorum bulbi
oculi”, y =ciliary ganglion. From Johann Gottfried Zinn’s Book—Descriptio anatomica oculi humani iconibus illustrata,

Gottingae: Viduam B. Abrami Vandenhoeck, 1755.
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Fig. 3.37 Synoptic illustration of cranial autonomic
nerve system and its function ciliary ganglion and course
of (para) sympathetic nerves; overview of general somato-
sensory afferent (GSA) and general visceral efferent

(GVE) pathways via the CG and PPG into the orbit—eye.
(for a detailsed description — see text) Red line = (ortho-)
sympathetic; blue line = sensory; green line = parasympa-
thetic. (With permission from S. Steenen)
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The sensory CG root is provided by a single
branch diverting from the nasociliary nerve (CN
V1) proximal to Zinn’s ring. It carries sensory
fibers from the globe as short posterior ciliary
nerves, which convey sensation from the eyeball
and cornea, enters the ciliary ganglion, and with-
out synapse transmits to the nasociliary nerve.
Some sensory fibers directly enter the nasociliary
nerve within the long ciliary nerves.

The parasympathetic or so called motor CG root
consists of a commonly single fiber strand leaving
from the inferior division of the oculomotor nerve
(CN II) or more specifically from its longest branch
supplying the inferior oblique muscle.

Within the CG, the preganglionic parasympa-
thetic fibers synapse (Fig. 3.37). The postgangli-
onic parasympathetic output passes into the short
ciliary nerves numbering up to 20 branches. In
their initial course, the short ciliary nerves stay in
a lateral position to CN II; finally they pierce the
sclera at the posterior globe close to the entrance
of the optic nerve. Within the globe, they run
anteriorly in the suprachoroidal space, innervat-

ing the ciliary muscle (regulation of ocular
accommodation) while a minor (3—5%) portion
innervates the sphincter pupillae muscle (regula-
tion of pupil constriction).

The sympathetic CG root fibers arise from the
carotid plexus, pass the SOF, and travel through
the ciliary ganglion without synapsing to assort
within the short posterior ciliary nerves. They are
in charge of vasoconstriction of the uveal vascu-
lature. Some other sympathetic fibers travel with
the nasociliary nerve initially and proceed as long
posterior ciliary nerves to the superior tarsal mus-
cle (Miiller) and dilatator pupillae muscle, as
mentioned above (Fig. 3.37).

Pterygopalatine Ganglion (PPG)

The PPG also known as sphenopalatine, nasal or
Meckel’s ganglion is the largest cranial parasym-
pathetic ganglion and the pre-postganglionic swi-
tchover of the “VIIth CN Parasympathetic
Pathway” (Figs. 3.37, 3.38, and 3.39). It receives

Fig.3.38 Anatomic specimen — Paramedian sagittal sec-
tion on left side of a head: EOM muscles from the medial
side, Zinn’s ring removed and sphenoid sinus walls
removed to show the course of CN II and the ophthalmic
artery arising from the ICA. Below the posterior orbit, the
pterygopalatine ganglion (PPG) and some of its connec-
tions are visible. ICA—CS5 or the clinoid segment, is a
short segment of the internal carotid that begins after the
artery exits the cavernous sinus at the proximal dural ring
and extends distally to the distal dural ring, after which

the carotid artery is considered “intradural” having
entered the subarachnoid space. VN vidian nerve, CS cav-
ernous sinus, HP hard palate, MAS maxillary antrum/
sinus, DPN descending palatine nerves, NLD nasolacri-
mal duct (right), POAT pharyngeal opening of auditory
tube, OA ophthalmic artery, LRM lateral rectus muscle,
IRM inferior rectus muscle, CN II optic nerve, ICA inter-
nal carotid artery, CN V2 trigeminal nerve—maxillary
division, C5 clinoid segment, PPG pterygopalatine
ganglion
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Fig. 3.39 Anatomic specimen — Pterygopalatine gan-
glion (PPG) in its fossa (PPF). All vertical walls of the
maxillary antrum removed including perpendicular plate
of the palatine bone. Orbital floor and medial orbital wall
superomedially encompassing the orbital apex with cut
ends of EOM and CN II, optic nerve ON. Medial ptery-
goid plate exposed next to choanal aperture on medial
aspect. Sphenoid sinus wide open with ICA prominence
(C5 segment) and opticocarotid recess. Internal maxillary
artery (IMA) pulled inferolaterally out of the
PPF. Sphenopalatine artery (SPA) branching off and join-
ing the decending bundle of palatine nerves (DPN) toward
palatine foramina. PPG in the center of the photograph
with its three major connections—maxillary nerve (CN

input from a sensory, parasympathetic, and sym-
pathetic roots, which reach it via the maxillary
nerve branches and the pterygoid (Vidian) nerve. It
is located in the pterygopalatine fossa [65], where
it lies lateral to the sphenopalatine foramen, medial
to the foramen rotundum and anterior to the aper-
ture of the pterygoid (Vidian) canal.

Looking from the front to the bony orbit, the
PPG projects medio-posteriorly underneath the
orbital process of the palatine bone where it clings
along the transition from the perpendicular plate.

It can be of oval, triangular or square shape
with a mean size of 5 mm in horizontal and
6.5 mm in vertical dimension. PPG may be bipar-
tite and there may be a number of associated
microganglia.

The sensory PPG root connections descend
from the maxillary division of the trigeminal

V2), Vidian nerve (VN), and descending palatine nerve
(DPN). Maxillary nerve coming from foramen rotundum
(FR) (partially drilled away) delivers multiple small rami
to PPG before transforming into the infraorbital nerve
(ION) that enters the orbital floor. IMA internal maxillary
artery, VC vidian canal, ON optic nerve, LRM lateral rec-
tus muscle, MRM medial rectus muscle, /RM inferior rec-
tus muscle, /ON infraorbital nerve, CN V2 trigeminal
nerve—maxillary division, FR foramen rotundum, SPA
sphenopalatine artery, DPN descending palatine nerve,
PPG pterygopalatine ganglion, VN vidian nerve, ICA
internal carotid artery, C5 clinoid segment, SS sphenoid
sinus, UV uvula, NF nasal floor

nerve (CN V2 and rr. ganglionares n. maxillaris)
after entering the pterygopalatine fossa (PPF)
through the foramen rotundum (Fig. 3.39). These
maxillary rami pass the PPG and do not synapse.
In the PPF, they emerge as nasopalatine, pharyn-
geal, greater and lesser palatine nerves. Together
these nerves conduct sensation (General
Somatosensory Afferents—GSA) from the
mucosa of the hard palate, upper gums, soft pal-
ate, tonsils, and the naso- and upper orpharyngeal
walls.

The parasympathetic PPG root is brought
about by the nerve of the pterygoid canal (Vidian).
The Vidian nerve enters the PPF posteriorly and
conglomerates with the PPG (Figs. 3.38 and
3.39). Within the PPG, the preganglionic para-
sympathetic fibers originating from the greater
petrosal partition of the Vidian nerve synapse
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with postganglionic parasympathetic secretomo-
tor neurons, which meet with the maxillary and
ophthalmic divisions of the trigeminal nerve (CN
V1 and V2) to travel to their destinations in the
mucosa of the nasal cavity, naso- and orophar-
ynx, and the upper oral cavity as well as to the
lacrimal gland. The parasympathetic supply to
the lacrimal gland is presently debated and may
be reached within the zygomatic nerve, the ZTN,
and possibly the lacrimal nerve itself.

The sympathetic PPG root corresponds to
fibers from the deep petrosal nerve having made
their way within the Vidian nerve. These post-
ganglionic sympathetic fibers traverse the PPG
interruptedly. They are mainly distributed to the
nasal and pharyngeal mucosa with a few fibers
reaching the lacrimal gland.

Sympathetic innervation to Miiller’s inferior
orbital muscle and to the inferior tarsal muscle
derives from the PPG via the infraorbital nerve
CN V2. Among the numerous PPG outlets, there
are delicate sensory orbital rami which are sup-
plemented by sympathetic fibers from the
ICP. This doublet leaves into the orbital apex and
forms the retroorbital plexus, which again send
out fine rami eventually targeting for the lacrimal
gland.

Arterial Supply to the Orbit

The arterial system supplying the orbit, eyeball,
and adnexa features an extensive collateral circu-
lation system interconnecting the branches of the
ophthalmic artery (OA) originating from the
internal carotid artery (ICA) and linking with the
external carotid artery (ECA) [66].

The ICA-/ECA-derived network is set up in
between the:

e Frontal branches of superficial temporal
artery—supraorbital/supratrochlear arteries

e Facial/angular artery—medial palpebral/dosal
nasal arteries

e Maxillary/sphenopalatine
arteries

e Transverse facial and deep temporal artery—
lacrimal artery

artery—ethmoid

Clinical Implications

The knowledge of the anatomic functional
basis of pupillary control is important in
orbital surgery. During intraorbital surgery,
too much pressure may be exerted within
the orbital apex, i.e., next to the ciliary
ganglion.

Parasympathetic fibers synapse in the
ciliary ganglion and continue within the
short ciliary nerves to innervate the sphinc-
ter pupillae. The sympathetic fibers cross the
ciliary ganglion uninterruptedly and con-
tinue as well in the short ciliary nerves but
have no relevance for pupillary function.

Increased pressure during intraorbital
procedures within the orbital apex next to
the ciliary ganglion may lead to interfer-
ences with the synapting parasympathetic
CG fibers. It is assumed that the parasym-
pathetic synapses within the CG are par-
ticularly susceptible to pressure, what may
result in pupillary dilatation.

To distinguish whether the function of
the CN II is affected or not in case of intra-
operative mydriasis, the swinging flashlight
test can be carried out. When a flashlight is
shown onto the eye with the dilated pupil,
pupillary constriction will result in the
opposite eye provided that CN II function is
intact. When the flashlight is swung over to
the undisturbed contralateral eye, this will
react with pupillary constriction, while the
pupil of the affected eye will remain wide.
This confirms an undisturbed bilateral CN
II Function and impairment of the CG or
CN III as the cause of the mydriasis.

Intraoperative mydriasis may also be
due to compression of the parasympathetic
CG root which derives from the CN III
branch to the inferior oblique muscle
(Figs. 3.31 and 3.37). This parasympathetic
root is located more anteriorly than the CG.

CN MI lesions proximal of the CG,
involvement of the CG synaptic sites or
compression of the distal parasympathetic
CG root cannot be differed intraoperatively.
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Intraoperative pupillary dilatation must
be appreciated as a specific warning sign of
too much and/or too long pressure on the
delicate neurovascular orbital tissue por-
tions. If this pressure continues, it may even-
tually result in a dilated pupil (sphincter
pupillae muscle disturbance) and may occur
in combination with a loss of the accommo-
dation reflex owing to CN III paresis or cili-
ary muscle disturbance, what constitutes a
serious permanent complication.

Adie’s myotonic pupil (Holmes-Adie
Syndrome) is the result of postganglionic
parasympathetic  denervation in the
CG. The reaction of the abnormally mid-
dilated pupil to light is sluggish and poor
and much less than the response to accom-
modation. The pupil remains constricted
and will dilate very slowly only.

So there is a light-near dissociation,
though the accommodation is impaired
(tonic near constriction and hyperopia).
Other features may consist of decreased
deep tendon reflexes secondary to degen-
eration of dorsal root ganglia in the spinal
cord.

External Carotid Artery (ECA)

The infraorbital artery, one of the terminal
branches of the maxillary artery represents the
only direct supply of the ECA system to the orbit.
It leaves from the pterygopalatine fossa and
enters the orbit through the IOF (Table 3.1) to
follow the same course as the infraorbital nerve
(CN V2). During passage through the infraorbital
groove, it gives off small branches (perforators)
extending into the fat and muscles (IRM and
IOM) of the lower orbit (Fig. 3.32a, b).

The middle meningeal artery (MMA), another
terminal branch of the maxillary artery, that
enters the middle cranial fossa through the fora-
men spinosum may connect via a recurrent men-
ingeal branch of the lacrimal artery (LA) or give
off the OA. The recurrent vessel connection is
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oriented backward and passes through the outer-
most part of the superior lateral SOF sector or a
distinctive foramen in the greater wing of the
sphenoid (GWS) lying anterolaterally to the
upper end of the SOF, which is called the
meningo-orbital or cranio-orbital foramen
(COF). The direction of flow for an aberrant OA
is downstream from the MMA, of course.

Internal Carotid Artery (ICA)
Ophthalmic Artery (OA)

The OA is the primary source of arterial blood
supply to the orbit. In general, it is the first intra-
cranial branch of the ICA and exits off from
superomedial convexity of the supraclinoid/oph-
thalmic ICA segment (C 6) in the subarachnoid
space above the cavernous sinus. At this origin,
the OA lies medial to the anterior clinoid process
[67] and on the inferior side of CN II.

Within the optic canal (Table 3.1), the artery is
fixed to the dural sheath and still kept in an infer-
olateral position. The orbit is entered through the
supermedial foramen of Zinn’s ring. Different
from this typical textbook arrangement, some
variants can be encountered in terms of the OA
following a separate course through an additional
proximal access foramen to the optic canal or
through a duplicate bony passage below the
canal. As a special feature the OA and or the lac-
rimal artery (LA) can arise from the middle men-
ingeal artery (MMA) [68] (Fig. 3.40a—c).

Or the OA and LA may loop between the ICA
and the MMA (Fig. 3.40c) as a baseline for all
other branches. The OA may also be duplicated.
In as much as the OA exclusively exits from the
MMA, the entire arterial supply of the orbit will
depend on the ECA. Therefore an arterial branch
traversing a GWS foramen or the upper lateral
end of the SOF occurring during a deep lateral
periorbital dissection should be preserved unless
its provenance is clarified beyond any possible
doubt.

The vessel variations [69, 70] are reflected in
diversified courses through the bony gateways
(superior lateral SOF sector and/or COF). In the
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a

A. frontalis med.

M. obliquus sup.

Tendines Mm, recti sup.
et levatoris palpebrae

N. opticus

N. nasociliaris

A. carotis int.

M. rectus sup.
et levator palpebrae

M. rectus lat.

A. meningea med.

A. ophthalmica A. lacrimalis

Fig. 3.40 Schematic views — Variations in origin and
course of ophthalmic (OA) and lacrimal artery (LA). (a)
OA originating from medial, meningeal artery (MMA).
(b) LA originating from medial, meningeal artery (MMA).

rare case that the MMA originates from the OA
instead of the maxillary artery, the foramen spi-
nosum will not exist.

Once inside the orbital apex, the OA typically
crosses over the CN II from a posterolateral to an

A. frontalis lat.

M. levator palpebrae sup.

N — M. rectus sup.
~,
§

hY
} Gl. lacrimalis
}

A. ophthalmica

A. meningea med.

A. lacrimalis

A. meningea med.

(¢) Loop between OA and MMA via LA giving off several
branches. (With permission from: Krmpotic-Nemanic J,
Draf W, Helms J. Chirurgische Anatomie des Kopf-Hals
Bereichs. Springer Verlag, Berlin Heidelberg 1985)

anteromedial location between the MRM and the
SOM.

The intraorbital course of the OA is character-
ized by tortuosity and extensive arborization
(Figs. 3.31 and 3.41).
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Lateral
palpebral

Recurrent meningeal
Lacrimal
Lateral posterior ciliary

Internal carotid

Supraorbital

Supratrochlear

Dorsal nasal

Medial
palpebral

Anterior ethmoidal

Anterior meningeal

Medial posterior ciliary

Posterior ethmoidal

Fig. 3.41 Orbit from superior view exhibiting Orbital
distribution of the ophthalmic artery (OA) and its
branches. g globe, Ipca long posterior ciliary artery,

The branches and subbranches can be grouped
according to their topography (orbital, ocular,
extraorbital) and supply area, based on the site of
origin from the stem vessel (medial, lateral, etc.)
or in line with their sequence of origin (orbital
apex toward aditus/rims, initial to terminal
branches). In a posterior—anterior direction, the
OA distributes the following branches (Fig. 3.41).

e Central Retinal Artery (CRA): is the first ocu-
lar branch from the OA originating at the ram-
ification of the OA and the lacrimal artery near
the anterior orbital apex. The CRA turns infe-
riorly to pierce the optic nerve sheath from its
lower-medial aspect.

0

m muscular arteries, on optic nerve, p pial arteries, spca
short posterior ciliary arteries. (With permission from:
Gray’s Anatomy 42nd edition)

The distance from the CN Il/eyeball junction
posteriorly to the CRA entry point into the CN
II sheath is between 7 and 10.5 mm. The CRA
travels then a short distance in the subarach-
noid space and zigzags vertically into the
nerve stroma and forward again to the optic
disc.

* Posterior Ciliary Arteries: two or infrequently
three lateral and medial long posterior ciliary
arteries (Ipca) originate from the lacrimal
artery and/or from the OA itself. These vessels
pass forward next to CN II, enter the sclera,
and course between choroid and sclera around
the lateral and medial orbital circumference to
reach and penetrate the ciliary muscle. By
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anastomoses among one another and with the
anterior ciliary arteries, they form the greater
arterial circle of the iris. A bundle of 15-20
short posterior ciliary arteries (spca) emanates
from the long posterior ciliary nerves near the
posterior globe and pierces the sclera in a ring
around CN II (= Zinn-Haller ring) and
branches to supply the choroid and the optic
nerve.

Muscular Arterial Branches to Rectus EOMs
and Anterior Ciliary Arteries: the muscle
arteries (m) for the rectus musculature depart
in the proximity of the OA and lacrimal artery
divergence. They run forward along the ocular
surfaces or inside the muscular substance to
enter the globe at the scleral tendinous inser-
tions. Here the muscular branches subdivide
into pairs of anterior ciliary branches except
for the LRM, which carries only one anterior
ciliary artery. The Lacrimal Artery (LA): an
early larger branch diverges laterally into the
superotemporal orbit at the OA crossing site
over CN II. LA first runs intraconally, then
accompanies the lacrimal nerve (CN V1)
along the superior LRM border and distributes
to the lacrimal gland, and to the conjunctiva
and lids in the lateral corner of the eye via the
superior and inferior lateral palpebral arteries.
Proximal to the lacrimal gland, already a
descending branch divides into the zygomati-
cotemporal and zygomaticofacial arteries.
These run along the lateral orbital wall and
exit the orbit together with the homonymous
nerves (ZTN and ZFN) through the respective
foramina.

The lateral long posterior ciliary artery
branches off medially to parallel CN II
together with the medial long posterior ciliary
artery.

The recurrent meningeal artery branch returns

LPSM underneath the periorbita to leave the
orbit through the supraorbital notch or foramen
to the skin of the eyebrows and forehead.
Ethmoidal Arteries: the posterior ethmoidal
artery (PEA) and the anterior ethmoidal artery
(AEA) rise from the OA along its anterior
course vis-a-vis the medial orbital wall in
transverse direction with a given distance in
between them. The vessels penetrate the peri-
orbita to enter their foramina at the frontoeth-
moidal suture together with the homonymous
nasociliary nerve branches (CN VI1). PEA
usually passes over the SOM or between the
MRM and SOM. It is variable in size, topo-
graphic location, and may even be absent.
The AEA is a more constant and somewhat
larger vessel. It runs between the MRM and
SOM. The AEA is the first transverse element
to be encountered in a subperiorbital dissec-
tion of the superonasal quadrant.

Inside the ethmoid, it ascends to enter the
upper nasal cavity and to penetrate the roof to
direct across the anterior cranial fossa to the
cribriform plate.

Both the AEA and PEA (Fig. 3.31) are supple-
mented with anastomoses via the sphenopala-
tine artery as well as the angular/facial artery
provide the blood supply of a widespread area,
the entire ethmoidal sinuses, the infundibulum
of the frontal sinus, the upper nasal cavity
including the septum and the skin over the car-
tilaginous nasal vault with additional descend-
ing branches.

Medial Palpebral Arteries: the superior and
inferior medial palpebral arteries arise from
the OA below the trochlea and descend to the
lacrimal sac and the upper and lower eyelids,
where they form rows of marginal and periph-
eral arcades connecting with the lateral palpe-
bral arteries of the LA.

Frontonasal artery: corresponds to the distal

laterally to communicate with a frontal branch of OA end that splits into the following terminal
the middle meningeal artery (MMA) via the SOF branches.

or the COF. e Supratrochlear artery: it runs above the troch-
lea and over the medial upper orbital rim to
the paramedian forehead (formerly known as
medial frontal artery).

e Supraorbital artery (SA): is given off from the
OA at the crossroads over CN II. It courses with
the supraorbital nerve (CN V1) on top of the
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e Dorsal nasal artery: it comes to lie midway in
between the trochlea and the medial canthal
tendon and continues anteriorly for the supply
of the lacrimal sac and the skin of the nasal
sidewall and dorsum.

Venous Outflow of the Orbit

The venous drainage from the orbit [71, 72] can
be organized into three routes—upstream return
into the cavernous sinus, downward return into
the pterygoid plexus, and anterior leave by com-
munication with the venous system of the face.
The veins of the orbit are suggested to be valve-
less. Other than the veins elsewhere in the body,
the orbital veins are not as closely associated
with their arterial counterparts.

Two principal venous systems and their tribu-
taries deal with the outflow from distinct distribu-

Lacrimal

Supraorbital

Frontal

Facial

tions: the superior ophthalmic vein (SOV) drains
the superomedial orbit, whereas the inferior oph-
thalmic vein (IOV) drains the inferolateral orbit
(Fig. 3.42).

Nasofrontal Vein: corresponds to the conflu-
ence of the supratrochlear and angular veins and
their union to the SOV.

Superior Ophthalmic Vein (SOV): begins
medially above the anterior eyeball in continua-
tion of the nasofrontal, passes the SOF (Table 3.1),
and empties into the cavernous sinus. In the ante-
rior section, the course of the SOV coincides with
parts of the OA.

The SOV passes backward alongside the
trochlea and the SOM. It crosses above CN II
toward the lateral SRM border to bend down into
the lateral orbital apex, which it leaves between
the heads of the SRM and LRM for the
SOF. Usually the SOF runs through the narrow
superior lateral sector outside Zinn’s ring. At the
SOF level, the SOV meets with the IOV. Fused to

Central
retianl

Superior
ophthalmix

Cavemous
sinus

ophthalmic

Pterygoid
plexus

Deep facial

Fig. 3.42 Tllustration - Orbit with globe from lateral side with a simplified overview of the principal vessels and tribu-
taries of orbital venous drainage system. (With permission from: Gray’s Anatomy 42nd edition)
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a common conduit, they merge with the anteroin-
ferior extensions of the cavernous sinus.

Ethmoidal Veins: most often there are two
veins paralleling their corresponding arteries
over some part. The anterior ethmoidal vein
drains into the SOV, the posterior ethmoidal vein
joins a venous webbing under the orbital roof.

Muscular Venous Branches from the EOMs:
The venous branches from SOM and SRM con-
sistently drain into the SOV. The MRM and LRM
branches may drain into the SOV, IOV or lacri-
mal vein (LV).The IRM and IOM branches con-
nect to the venous plexus relating to the orbital
floor.

Vorticose/Vortex veins (VVs): a set of com-
monly four, occasionally up to eight VVs drain
the choroid. Each eyeball quadrant has at least
one VV emanating posterior of the prime merid-
ian. The superior medial VV empties either into
the SOV or the lacrimal vein LA. The inferior
medial and lateral VVs feed into the SOV or IOV
either separately or joined together.

Lacrimal Vein: accompanies the LA and usu-
ally opens into the SOV from the lateral side fur-
ther posteriorly than the other tributaries. It may
be large enough to rank as a third main orbital
vein, in particular if it enters the cavernous sinus
separately. It is usually joined by muscular
branches from the SRM and LRM and by a vor-
tex vein.

Collateral Veins: the upper and lower orbital
venous divisions communicate via several collat-
eral veins. They all run a course from the floor to
the roof. With regard to their topographical posi-
tion inside the orbit, they are called anterior,
medial, lateral, and posterior collateral veins.

Ciliary Veins: accompany their corresponding
arteries. The anterior ciliary veins drain the cili-
ary body and greater circle of the iris into the
muscular branches.

Central Retinal Vein: leaves the meningeal
optic nerve sheath nearer behind the globe than
the central retinal artery and passes into the
orbital apex to open directly into the cavernous
sinus or less frequently into the SOV, IOV or pos-
terior collateral vein.

Inferior Ophthalmic Vein (IOV): develops
from the posterior end of a venous plexus which

relates to the orbital floor by covering around the
IRM and underneath CN II in the midorbit. The
anterior part of the plexus receives the VVs from
the lower globe hemisphere and inferior muscu-
lar branches, the posterior part connects with the
collateral veins.

The IOV runs posteriorly in parallel to the CN
III branch to the IOM and to the IRM, respec-
tively before it may divide into two or three
branches. A consistent superior branch passes
into the cavernous sinus in common with the
SOV. Another direct branch connects to the cav-
ernous sinus through the inferior SOF sector
below Zinn’s ring. A variable third lower branch
may communicate with the pterygoid plexus
through the IOF.

The infraorbital vein accompanies the infraor-
bital artery and nerve. It passes along the canal/
grove and through the IOF (Table 3.1) to drain
into the pterygoid plexus. Its tributaries emerge
from tissues close to the orbital floor and com-
munication with the IOV.

Cavernous Sinus

The cavernous sinus (CS) (Figs. 3.30 and 3.42) or
the “lateral sellar compartment” belongs to the
cranial dural venous sinuses [72, 74, 75]. The
paired CS expand on each side of the sella turcica,
the pituitary gland, and the lateral aspect of the
sphenoid body including the adjacent part above
the petrous apex. The architecture of the CS walls
is composed of meningeal and periosteal/perior-
bital layers [76]. The CS walls surround a system
of three longitudinal venous axes and the C4 seg-
ment of the ICA with a sympathetic nerve plexus
around it. The oculomotor (CN III), trochlear (CN
IV), and ophthalmic nerves (CN V1) course in the
lateral wall (Fig. 3.30). The abducens nerve (CN
VI) passes forward within the sinus in between
the medial side of CN V1 and the lateral side the
ICA. The longitudinal “intermediate venous axis”
laying between the ICA and cranial nerves con-
tributes to the venous drainage from the directly
adjacent orbit [77]. The sinus is larger posteriorly
and gets more narrow anteriorly, where it reaches
into the orbital apex at the SOF [78]. The lower
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SOF margin, made up by the junction of the sphe-
noid body and GWS, is located at the same level
as the lower acute angled CS edge. The medial
and lateral CS walls meet along the lower edge, so
that the sinus obtains a triangular cross section.
The lower CS edge extends from across the base
of the GWS to the lateral border of the dorsum
sellae leaning against the lateral margin of the
sella turcica. The transitional region between the
orbital apex and the lateral sellar compartment via
the SOF has been conceptualized in terms of a
“lateral sellar orbital junction” (LSOJ) which is
situated in the wide inferomedial SOF portion.
According to the LSOJ concept, the SOF is not a
mere portal but a three-dimensional structure con-
tributing to a sequence of compartments from the
cone of the orbital apex over a neural compart-
ment into the intracranial venous compartment
corresponding to the cavernous sinus. The PPF
has an extension via the IOF and the SOF. Though
it is addressed as the pterygopalatine compart-
ment subjacent to the LSOJ, it is not counted as a
constituent of it.

Lymphatic Drainage

In the eyelids, lymphatic drainage [79, 80] is
restricted to the region anterior to the orbital sep-
tum and provided by a superficial pretarsal and a
deep posttarsal system.

The superficial system drains the lymph fluid
from the OOM and the overlying skin.

The deep system drains the tarsus and con-
junctiva. Drainage is into preauricular and sub-
mandibular nodes. The retaining ligament at the
infraorbital rim separates lymphatic drainage
locations: lower eyelid edema stops “acutely” at
the rim.

Orbital edema resolves via the conjunctival
lymphatic system. Edema in the posterior orbit
drains into the cavernous sinus, also carrying the
risk of infectious spread intracranially and the
risk of cavernous sinus thrombosis.

The retina and cornea lack lymphatic vessel
systems.
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Periorbital Dissection—Deep Orbit
Versus Rule of Halves: 24 to 12to 6

The anterior IOF loop has been proposed as an
anatomic landmark to define the point of entrance
into the deep orbit in post-traumatic surgical dis-
section and repair, with the two arguments that
the frontal orbital cross section begins to taper
backward continuously from there on, making a
subperiosteal (periorbital) dissection progres-
sively difficult and with the high frequency at
which it is involved by relevant traumatic defects.

Clinical Implications

The IOV and/or SOV are the terminations
of the angular vein plexus from the facial
vein system; since the majority of these
veins are valveless permitting flow in both
directions, it has long been assumed that
dentofacial infections may easily spread
along these veins in a retrograde fashion
into the cavernous sinus carrying the risk of
a cavernous sinus thrombosis. Recently, it
has been shown that various vascular
mechanisms in the head & neck region may
be involved in the context of inadvertent
spread of cosmetic facial fillers and embolic
material into the orbit [73]. There is a rich
interconnection of anatomic territories
(angiosomes) which are linked together by
functional anastomotic (“choke”) vessels.
So links between the ophthalmic-, facial-,
superficial temporal-, and maxillary arter-
ies are present. A plexus of a large caliber
facial venous network drains into the orbits
along the inner canthus concurrently with
arteriovenous shunting and true anastomo-
ses between ophthalmic artery—angular
facial artery. According to current hypoth-
esis, different vascular pathways—sepa-
rately or in combination—may contribute
to the spread of infectious emboli into the
cavernous sinus and dural veins.
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Fig.3.43 Rule of halves explained. (a) Anatomic speci-
men — Look into the medial orbital wall. Threefold vari-
ation of ethmoidal foramina—periorbital sac emptied to
show the sleeve-like extensions to AEF, IEF variant,
PEF, and optic foramen/canal (OFC). AEF anterior eth-
moidal foramen, PEF posterior ethmoidal foramen, /IEF
intermediate ethmoidal foramen, OFC optic foramen/
canal. (b) Medial surface view on orbital contents

The concept of the deep orbit [81] suggests
using the following four hard and soft tissue
structures for orientation and pathfinding during
dissection of the inferior and lateral wall: infraor-
bital nerve (canal groove/sulcus)/IOF / GWS
(central trigone part/sphenotemporal  but-
tress) / upper plate of the orbital process of the
palatine bone.

These structures concenter at the confluence
of the orbit, which corresponds to the area in
direct proximity of the IOF isthmus.

Often, orbital depth gauging data derived from
anthropometric studies cannot provide appropri-
ate guidelines for safe distance dissection because
of variation, particularly in trauma due to severe
multifragmentation, displacement, soft tissue
disruption, and fat herniation. So, the preference
is to dissection in a subperiosteal (subperiorbital)
plane to identify the leading structures [82, 83].
Apart from the EF, the medial orbit does not fea-
ture any reliable orientation aid to prevent inter-
ference with the optic foramen and the optic
nerve [84].

Despite the well-known uncertainties in terms
of number and zonal location of the EF, their
potential distances in relation to the lacrimal

Distances

18-30
24 mm

1-1 7-21

6 mm 12 mm
ll .“QT

model -with the distances 24 mm to 12 mm to 6 mm—in
detail: average distance of 24 mm from anterior lacrimal
crest to anterior ethmoidal foramen, 12 mm between
anterior ethmoidal formanen and posterior ethmoidal
foramen, and another 6 mm span from posterior eth-
moidal foramen to optic foramen/canal

crest, among each other, and to the optic foramen
(Fig. 3.43a) are referred to by a well-known mne-
monic, the rule of halves: 24 mm to 12 mm to
6 mm by Rontal [85] brings one to remind the
distances (Fig. 3.43b) [81].

Conclusion

Anatomy has and will always be one of the most
important and challenging fundaments of
Medicine. Its contribution is indispensable.

When surgery is performed, knowledge of
basic anatomy is a conditio sine qua non.

We realize that this chapter on soft tissue in
and around the orbit is far from complete. The
different types of tissues involved in the orbital
contents are highly complex. Even today, despite
the tremendous amount of existing informa-
tion accumulated by well-respected medical
researchers in the past, new insights are still con-
tinuously coming. We have presented a brief
compilation of some anatomic issues here and
hope that it will supply the reader with useful
information to facilitate surgical interventions
within the orbit.
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Imaging of the Orbit: “Current

Concepts”

Maartje M. L. de Win

Learning Objectives

e To gain knowledge about state-of-the-
art orbital imaging techniques and when
to use them in clinical practice.

e To review CT and MRI scans of the
orbit in a systematic way in order to
identify relevant findings.

* To become familiar with radiological
appearances of common and more
uncommon orbital pathology.

Introduction

Many different conditions can affect the small
anatomical space of the orbit, and imaging with
computer tomography (CT) or magnetic reso-
nance imaging (MRI) can be essential in the eval-
uation of orbital disease to make a correct
diagnosis and guide and evaluate medical or sur-
gical treatment. Common orbital diseases that
may require imaging are orbital trauma, Graves’
orbitopathy (GO), orbital infection, and orbital
soft tissue lesions like intraorbital vascular
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lesions or inflammation or lesions of the bony
orbit. A structured way of reviewing the images
and knowledge of orbital anatomy, imaging tech-
niques, indications for orbital imaging, and the
clinical and radiological presentation of orbital
pathology are crucial for optimal evaluation.

Continuing technical developments created
ample improvement in the imaging possibilities
over the last decades. CT high-resolution images of
the orbit, with the ability to reconstruct images in
different planes, allow excellent depiction of the
bony structures but also very reasonable delineation
of soft tissues. However, MRI provides optimal
soft-tissue contrast allowing for accurate depiction
of the extension of pathology. Besides the standard
anatomical imaging with MR, it is also possible to
look at biological phenomena of orbital pathology
with functional MRI techniques like diffusion-
weighted imaging (DWI) and perfusion-weighted
imaging (PWI). Combining parameters from differ-
ent imaging techniques in so-called multiparametric
imaging creates additional value especially in the
differential diagnosis of orbital soft-tissue masses.
Moreover, ongoing developments in postprocessing
tools strongly improve the usefulness of imaging,
for example, in the presurgical planning and in the
preoperative navigation during orbital reconstruc-
tion surgery. In the near future, also artificial intel-
ligence (AI) will be applied to further improve
orbital imaging and decision-making.

With the continuously improving possibilities
in diagnostic imaging, evoking amplification of
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imaging indications, and the amount of orbital
scans, the challenge is to keep considering prin-
ciples  like  radiation  protection  and
cost-effectiveness.

In this chapter, we give an overview of the cur-
rent orbital imaging techniques, their indications
and usefulness in clinical practice, some guid-
ance to a structured approach of the images, and
radiological features of some common and less
common orbital conditions.

Imaging Techniques

CT and MRI are the main imaging modalities to
evaluate orbital pathology. Imaging of the bony
orbit through conventional radiographs has
become obsolete and has been replaced by the
much more sensitive CT scans. The only indica-
tion for a conventional radiograph of the orbit
nowadays is to exclude metallic foreign bodies in
patients who need to undergo an MRI scan and
have an increased risk for orbital metallic foreign
bodies. Ultrasound can be useful in preseptal and
ocular lesions, but is of limited value for retrobul-
bar lesions. Ultrasound may provide information
about tumor shape, internal reflectivity, and vas-
cular flow, but is operator-dependent, less suited
for follow-up, and has a low specificity identify-
ing malignant tumors [1]. Nuclear medicine tech-
niques like FDG-PET-CT have limited value in
assessing orbital disease due to high FDG uptake
in extraocular muscles and typical small volume
of orbital disease. FDG-PET, however, might be
useful in screening for systemic lymphoma or
detecting the primary tumor in case of orbital
metastasis. The use of ¥Ga-DOTATATE PET-CT
might be helpful to confirm the diagnosis of optic
nerve sheet meningioma in selected cases when
the diagnosis is not completely sure from the
MRI [2].

cT

CT uses ionizing radiation (x-rays) to make
cross-sectional images of the body. The X-rays
are detected by a detector on the opposite side of

the body. From the raw data, images are recon-
structed from measurements of attenuation coef-
ficients of the x-rays through the body. The
reconstructed images reflect different densities of
the body tissues, represented by Hounsfield units
(HU) [3].

The advantages of CT are clear, it is a very fast
and widely available imaging technique that
gives excellent images of the bony orbit, but also
information of the soft tissues. With the current
multidetector CT (MDCT) machines, it is possi-
ble to scan the orbit with sub-millimetric and
near isotropic (identical in all directions) resolu-
tion in only a few seconds, which makes it also
suitable for restless patients in the emergency
department [4].

Useful scan parameters for an orbital CT pro-
tocol on a state-of-the-art MDCT scanner are
120 kV, 90mAs, collimation 128—192 mm with
0.6 mm slice thickness, and pitch of 0.8.
Parameters should be chosen with the ALARA
principle (as low as reasonable achievable) in
mind to keep the radiation dose as low as possible
while maintaining diagnostic accuracy.

Because of the near isotropic resolution, the
raw images from a single scan can be recon-
structed in additional coronal or sagittal planes
through multiplanar reconstructions (MPR).
Moreover, different reconstruction filters can
be applied to get optimal images from the
orbital bone and from the soft tissues.
Preferably, 1-2 mm reconstructions should be
made for the bone setting and 1.5-3 mm for the
soft-tissue images. Axial MPRs should be
reconstructed when the original scan is not
symmetric. Coronal MPRs should be made per-
pendicular to the orbital axis. Sagittal MPRs
can be made on indication although for the
assessment of orbital fractures these recon-
structions are paramount. Metal artifact reduc-
tion (MAR) algorithms can be applied to
improve image quality in patients with metal
implants [5]. 3D reconstructions can be benefi-
cial for surgical planning as they provide insight
into the fracture malalignment prior to recon-
structions (Fig. 4.1). In Part 5 of this book,
treatment planning after trauma, including the
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Fig. 4.1 Axial (a), coronal (b), and 3D volumetric bone
reconstructions (c) of the CT from a patient after exten-
sive orbital trauma due to a shooting accident. Note the
luxation of the left globe and fractures of all the orbital

use of CT-based reconstruction and planning
software, will be discussed in more detail.
Intravenous iodinated contrast can be used
for optimizing delineation of normal and patho-
logical structures. In orbital imaging, the main
indication for CT with intravenous contrast is
evaluation of orbital infection. For tumor imag-
ing, MRI is imaging method of first choice. In
patients with impaired renal function or a his-
tory of severe allergy to iodinated contrast
agents, a CT without contrast or an MRI scan
should be considered. When this is not possible,
the patient should be prepared with medication
in order to prevent a severe allergic reaction or
with prehydration and posthydration to prevent
postcontrast acute kidney injury (PC-AKI) [6,
7]. Every hospital should have a (local) protocol
on prevention and management of adverse

walls. 3D reconstructions can be beneficial for surgical
planning of complex fractures as they provide insight into
the fracture malalignment prior to reconstructions

events in patients at risk receiving iodinated
contrast.

CT should be the preferential imaging tech-
nique when evaluation of the bony orbit is of main
concern, like in trauma. Also in other urgent situ-
ations, such as evaluation of the extent of orbital
cellulitis or postoperative complications, CT will
be the imaging method of first choice in most hos-
pitals. Moreover, CT is the preferred imaging
method to evaluate orbital complications of
chronic sinonasal disease, like silent sinus or sino-
nasal mucoceles involving the orbital wall [8].

Cone Beam CT

Cone beam CT (CBCT) is a relative recent CT
imaging technique providing low-dose and high-
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spatial resolution visualization of high-contrast
structures. In the head and neck, it is mainly used
for dental and mastoid imaging. Although it gives
excellent spatial resolution of the bony struc-
tures, the soft-tissues of the orbit cannot reliably
be evaluated with CBCT because of its limited
contrast resolution [9].

MRI

The advantage of orbital imaging with MRI,
when compared to CT, is the excellent soft-tissue
contrast, without the use of ionizing radiation.
The latter makes it more suitable for children and
young adults and for patient who need repeated
orbital imaging. The downside, besides the higher
costs, is the longer scanning time; different series
and planes have to be scanned separately and take
on average 2—4 min, making the average scan-
ning time for an orbital MRI about 10—15 min for
a standard protocol without contrast (i.e., for GO)
up to 30 min for a more extensive tumor imaging
protocol. Most children below the age of 6—7 will
therefore need sedation or general anesthesia
with adequate patient monitoring to undergo
MRI scanning.

The superior visualization of soft-tissues
makes MRI imaging the preferred method for
imaging orbital soft-tissue masses and other
more complex orbital disease. Orbital MRI scans
can be obtained on both 1.5 T or 3 T MRI scan-
ners and are usually performed with a head coil;
only for superficial or globe lesions, a surface
coil could have additional value. 3 T has the
advantage of a higher signal-to-noise ratio,
which can be translated into a better spatial reso-
lution in the same acquisition time, but it also
has more challenges regarding susceptibility
artifacts.

A routine orbital MRI protocol includes a pre-
contrast turbo spin-echo (TSE) TI- and
T2-weighted imaging (WI) without fat suppres-
sion and a series with fat suppression (FS) that is
relatively independent of field inhomogeneity
like STIR (short-TI inversion recovery),
T2-weighted TIRM (turbo inversion recovery),
or Dixon technique. Images should be acquired

with high in-plane spatial resolution and slice
thickness not exceeding 3 mm. With the state-of-
the-art MRI scanners, it is also possible to acquire
volumetric scans in 3D, from which the other
planes can be reconstructed.

A time of flight MR angiography (TOF MRA)
without the need of IV contrast or a dynamic
MRA after IV contrast could be added as an addi-
tional series when (high-flow) vascular lesions,
such orbital arteriovenous malformation (AVM)
or (dural) carotid cavernous fistula, are
suspected.

The T1-WI and T2-WI without fat suppres-
sion give excellent anatomical detail and contrast
between the orbital fat that is very bright and the
other soft tissues, like the extraocular muscles
(EOMs), the lacrimal gland and the optic nerve
sheet complex. This facilitates assessing the
extension of orbital disease. With fat-suppression
techniques (i.e. STIR, TIRM, Dixon), edema is
accentuated, facilitating the detection of active
inflammation/disease. The fat suppression of the
STIR technique is superior to most other fat-
suppression techniques especially near metallic
foreign bodies and near tissue interfaces with
high susceptibility differences (like interface
between the orbit, skull base, and paranasal
sinus); moreover, it has the additional feature of
additive T1 and T2 contrast [10]. The Dixon tech-
nique has the advantage to provide images with
and without fat suppression from a single acqui-
sition [11].

MRI protocol without intravenous contrast is
generally adequate for evaluation of GO and fol-
low-up of known benign orbital diseases like
venous malformations. For more complex orbital
pathology, like tumors, infectious or inflamma-
tory disease, additional postcontrast series after
injection of gadolinium-based contrast are indi-
cated. The postcontrast T1-WI should be made
with fat suppression; otherwise, it might be diffi-
cult to recognize enhancement within the bright
orbital fat.
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Functional/Advanced MRI Techniques

Besides the routine anatomical MRI series, more
advanced techniques such as diffusion-weighted
imagine (DWI) and perfusion-weighted imaging
(PWI) allow studying of functional aspects of
orbital lesions. This can help in further character-
izing orbital pathology and a more accurate dif-
ferentiation between malignant and benign
disease.

Diffusion-Weighted Imaging (DWI)

The principle of DWI relies on the Brownian
motion of water molecules in a voxel of tissue,
i.e., within the intracellular and extracellular
fluid of the voxel. In simplified terms, the higher
the cellularity or cellular swelling, the more
restricted the motion will be [12]. From the
DWI, apparent diffusion coefficients (ADC) val-
ues are calculated and represented in the ADC
maps. In active inflammation like GO, ADC val-
ues will be increased because of increased inter-
stitial edema (increased diffusion), while in
highly cellular tumors, like lymphoma or in
purulent abscesses with highly packed inflam-
matory cells, ADC values will be low (restricted
diffusion). DWI is therefore one of the tech-
niques that can be used in further characterizing
orbital lesions, especially in differentiating
benign from malignant disease. The most fre-
quently used DWI technique, especially in brain
imaging, is the echo-planar imaging (EPI)-based
sequence. The advantage is that it is a fast tech-
nique, but the imaging quality of this sequence
in the orbit can be limited by the inhomogeneity
artifacts caused by the interfaces between air,
bone, and soft tissue in the orbit. When metallic
reconstruction material is applied in the orbit,
EPI-DWI sequences will be noninterpretable in
most cases because of the susceptibility of arti-
facts resulting in severe distortions. Non-EPI-
DWI like the turbo spin-echo (TSE) DWI
sequence is an alternate technique with less sus-
ceptibility of artifacts and image distortion than

on EPI-DWI scans. Although this sequence in
general has a longer acquisition time, the non-
EPI technique is preferable to the EPI-DWI tech-
nique when scanning the head and neck,
including the orbit because of better image qual-
ity, both at 1.5 T and 3 T [13, 14]. Advisable is to
use at least 3 b values, e.g., b =0, b = 500 and
b = 1000 s/mm? to calculate reliable ADC
values.

Perfusion-Weighted Imaging (PWI)

PWI is a technique that gives insight into the per-
fusion of tissues by blood. The main technique
used in head and neck imaging is the dynamic
contrast-enhanced (DCE) perfusion. It relies
upon the T1 shortening induced by an intrave-
nously injected gadolinium-based contrast bolus
passing through tissue. Before (at baseline) and
after injection of the contrast, fast repeated T1
images with a temporal resolution of about 3—4 s
are obtained during 45 mins and the increase of
the signal is measured. The increase of the signal
(enhancement) is mainly caused by the accumu-
lation of gadolinium in the extravascular extra-
cellular space. This is dependent on the
microvascular characteristics of the tissue, like
blood volume, blood flow, permeability, and the
availability of the extravascular space. In charac-
terization of an orbital lesion, this can provide
more information about angiogenesis and capil-
lary permeability, features related to aggressive
behavior, tumor grade, and prognosis [15]. With
postprocessing software perfusion characteristics
can be analyzed in a specific region of interest
(ROI), for example, in an orbital mass. Cystic
and hemorrhagic areas should be excluded. The
scan can be analyzed in a qualitative way by
looking at time-intensity curves (TICs), from
which parameters like TTP (time-to-peak), iIAUC
(initial area under the curve), and washout rates
can be calculated. In orbital imaging, three main
TIC curves are usually recognized: persistent
uptake pattern (mostly benign), plateau pattern
(indeterminate), and washout pattern (mostly
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malignant); the latter can be subdivided into
rapid uptake with rapid washout or with slow
washout [15, 16]. This simple way of reading the
DCE images is informative and easily applied in
clinical practice.

Multiparametric Imaging
and Future Directions

In multiparametric imaging, the outcomes of dif-
ferent imaging techniques, i.e., CT, anatomic and
functional MRI techniques, are combined. The
combining of functional characteristics of DWI
and PWI additional to pure morphologic features
can improve diagnostic accuracy, especially in
the evaluation of orbital soft-tissue masses like
vascular pathology, inflammatory disease, and
neoplasms [16—18].

In recent years, an increasing amount of stud-
ies were performed on more quantitative analyses
of MRI images. Examples of quantitative MRI
include T2 mapping of the spin—spin relaxation
time and quantifying the amount of edema and
fatty infiltration using fat-water imaging with
Dixon techniques that can be used to quantify
clinical activity in GO [19]. However, the devel-
opment in quantification of MRI is mainly
focused on DWI and PWI parameters.

The frequently used ADC value derived from
DWI is a quantitative parameter. However, the
mean ADC value obtained from a manually
drawn ROI cannot represent the heterogeneity of
the whole lesion. Whole-tumor histogram analy-
sis of the ADC maps can generate several diffu-
sion parameters and could be valuable in
differentiating orbital tumors [20, 21]. Moreover,
ADC values calculated by a conventional mono-
exponential model cannot separate the pure water
molecular diffusion from the water molecular
diffusion in capillaries, and this can affect the
measurements. Intravoxel incoherent motion
(IVIM), based on a biexponential model by using
multiple b values, enables quantification of both
diffusion and perfusion in a single acquisition
without the use of a contrast agent. Recent stud-
ies already showed that the true diffusion coeffi-
cient (D) and the perfusion fraction (f) might help

to improve the characterization of orbital lesions
[22, 23].

Quantitative perfusion parameters of PWI can
be obtained through pharmacokinetic modeling
with the modified Tofts model after assessing the
arterial input function (AIF). With this model,
perfusion parameters including tumor blood flow
(TBF), k'™ (volume transfer constant between
the plasma and the extracellular extravascular
space), V. (extravascular extracellular volume
fraction), and tumor flow residence time T can be
calculated from the DCE series [24-26].
However, DCE has the disadvantage that intrave-
nous contrast agent is indispensable to obtain the
parameters. Arterial spin labeling (ASL) is an
emerging perfusion-weighted MRI technique
that allows for absolute tissue perfusion quantifi-
cation without the use of extrinsic contrast agents
[27].

Besides quantification of imaging parameters,
the use of postprocessing and planning software
will take a leap forward in clinical practice. This
will be more extensively discussed in the other
chapters. Another promising future direction in
diagnostic imaging is the development of Al that
probably will play an important role in further
improving orbital imaging and decision-making
in next decades. An initial study already showed
that an AI framework could accurately differenti-
ate orbital cavernous venous malformation from
schwannomas [28].

Structural Review of Orbital
Imaging

Many different diseases can affect the orbit, and a
systematic way to analyze an orbital CT or MRI
scan will improve the quality of the review and
narrow the differential diagnosis. Orbital lesions
should be evaluated in multiple planes, at least in
the axial and coronal planes. For some lesions,
sagittal planes should be obtained for an optimal
evaluation.

A structured review based on the compart-
ment model can be a useful strategy to analyze
orbital scans [29]. The first step is to localize the
origin of the orbital pathology in one of the
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orbital compartments, i.e., paranasal sinus, bone,
extraconal space, muscle cone, intraconal space,
optic nerve, globe or lacrimal fossa. This allows
significant reduction in the number of differential
diagnoses as these compartments contain differ-
ent tissues. However, there are also diseases that
can present in multiple compartments.

Very important in further narrowing the differen-
tial diagnosis is to combine the imaging parameter

with the demographic and clinical features of a
patients. The quality of the radiological report highly
depends on the quality of the clinical information
and the questioning of the referring physician [30].
Structured reporting can be useful to improve
the communication between radiologist and clini-
cian and to improve the clinical significance of the
radiological report [31]. The structured reporting
should be tailored to the clinical question, a

Table 4.1 Preferred imaging technique, series, planes, and review checklist for most common orbital imaging indica-

tions [1, 2]
Preferred imaging Series/ Planes/
Indication | technique IV contrast| reconstructions | MPRS Review checklist
Orbital CT No CT: bone and Axial and | Foreign bodies
trauma (additional MRI soft tissue coronal Orbital and maxillofacial fractures
in complicated Orbital soft tissues, muscle
cases) entrapment
Associated injuries
Graves’ MRI > CT No MRI: T1, T2, Axial and | Proptosis
orbitopathy STIR, (DWI) coronal | EOM enlargement and edema
CT: bone and Orbital fat volume and edema
soft tissue Lacrimal gland enlargement and
edema
Optic nerve stretching
Apical crowding
Orbital CT =MRI Yes CT: Axial and | Preseptal vs postseptal extension
infection postcontrast, coronal Edema, Subperiosteal empyema, true
bone, and soft intraorbital abscess
tissue Thrombosis VOS
MRL:TL, T2, Extraorbital complications:
}S’zsltlzo?t?;:t cavernous sinus thrombosis,
intracranial empyema/abscess
T1-FS P
Cause: sinusitis
Orbital MRI Yes MRI: T1, T2, Axial, Delineation: well-defined vs
soft-tissue (additional CT STIR, DWI, coronal infiltrative
masses when bone Postcontrast (and Extension: orbital compartments, soft
involvement) TI-FS, (DCE) sagittal) | tissues, bone, periorbital extension
Signal characteristics (T1, T2,
diffusion)
Enhancement: pattern and TIC
Lesionsof | CT Depends | CT: bone and Axial, Aspect: lytic, cystic, sclerotic, mixed
the bony (additional MRI soft tissue coronal Delineation (well-defined,
orbit when soft-tissue MRI: T1, T2, infiltrating, remodeling, permeative)
involvement) STIR, DWI, Extension: what bones, intraorbital
Postcontrast and periorbital extension
TL-FS, (DCE) Involvement orbital apex and optic
canal
Enhancement
Signal characteristics on MRI (T1,
T2, diffusion)
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checklist can be helpful, and radiologist and clini-
cians could discuss together what is important to
be mentioned in the radiological report.

Table 4.1 gives an overview of the preferred
imaging techniques, the desired series, planes
and a review checklist for most common orbital
imaging indications.

Orbital Trauma

Imaging plays a key role in assessing the orbit
after facial trauma, evaluating occult orbital inju-
ries, the bony orbit and deep orbital structures,
and identifying foreign bodies. High-resolution
CT is imaging method of first choice in trauma,
and the scan should be reconstructed in different
planes and in both bone and soft-tissue recon-
structions. Usually, in high-impact trauma, a CT
scan of the whole skull is made from which sepa-
rate brain and facial/orbital reconstructions can
be made. On indication, CTA can be performed
to asses for dissection, traumatic pseudoaneu-
rysm, or carotid cavernous fistula. Plain radiogra-
phy has very limited sensitivity in detecting
orbital fractures and cannot asses the intraorbital
soft tissues. MRI has limited value in the setting
of acute trauma, but could be of additional value
in complex cases or later in follow-up, especially
when traumatic injury of the optic nerve or other
soft tissues is suspected.

The first step in reviewing orbital trauma CT
is to exclude foreign bodies. Metallic and glass
foreign bodies have an increased attenuation and
are best delineated on CT. Wooden foreign bod-
ies can have the same attenuation as air, mimick-
ing orbital gas, but within days this attenuation
may increase.

When the orbital walls are fractured, the
review of the bony structures should address
the displaced fragments, the involvement of the
orbital apex, and the infraorbital and the optic
canal. The soft tissues of the orbit should be
evaluated for intraorbital hematoma, fat strand-
ing, and whether there is entrapment of the
inferior and/or medial rectus muscles and fat.
Also, the form and position of the globe should
be evaluated, as well as the position of the lens.

Signs of globe rupture include loss of volume
and contour and intraocular gas. Retinal detach-
ment is shown as a V-shaped hyperdense con-
figuration, because the retina is relatively fixed
at the level of the optic disc on the posterior
side and at the ora serrata anteriorly. In choroi-
dal detachment, lentiform hyperdense lesions
are seen, not limited anteriorly by the ora
serrata.

It is also important to analyze if fractures are
limited to the orbit or part of more extensive
maxillofacial fractures. Several classification
systems and recognizable patterns exist for the
imaging evaluation of maxillofacial fractures
[32]. Knowledge of these classification systems
can be important in effectively describing the
fractures and aiding in clinical decision-making.
Besides identifying all of the fractures and using
the appropriate classification system, the radiolo-
gist also needs to recognize injuries that may be
associated.

Isolated fractures to the orbital floor and
orbital wall are often referred to as blowout frac-
tures (BOF). This mainly involves the medial
and/or inferior walls of the orbit and results in
displacement of the fracture fragments into the
ethmoid sinus, nasal cavity, or maxillary sinus.
Indication for surgery is discussed in Chap. 10,
but parameters that are taken into account for
decision-making are size of the fracture frag-
ments, displacement of orbital contents, like
hypoglobus or enophthalmos, and entrapment of
the extraocular muscles. On CT, kinking of the
medial or inferior rectus muscle is a sign of
entrapment. A specific type of BOF is the trap-
door fracture, where the bony fragment recoils
back to its original position and entraps the mus-
cle outside the orbital wall (Fig. 4.2). It is mainly
seen in children and young adults due to the elas-
ticity of the orbital floor and is considered a sur-
gical emergency as the muscle can become
ischemic. “Blow-up” fractures are a rare type of
BOF that involve the orbital roof, and they are
associated with traumatic intracranial injury. In
“blow-in” fractures, the frontal bone is displaced
inferiorly, resulting in decreased orbital volume.

The orbital fractures can also be part of naso-
orbital-ethmoid fractures (NOE), zygomatico-
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Fig.4.2 Trapdoor fracture of the orbital floor on the right
side. Due to repositioning of the fracture fragment in its
original position, the inferior rectus muscle is entrapped
outside the orbit in the maxillary sinus. This special type
of blow-out fracture is mainly seen in children and young
adults due to the elasticity of the orbital floor and is con-
sidered a surgical emergency as the muscle can become
ischemic. Entrapment of the muscle is best seen in the
soft-tissue reconstruction

maxillary complex fractures (ZMC), transfacial
fractures (Le Fort type 2 or 3), or complex midfa-
cial fracture (CMF). NOE fractures involve the
nasal bones, the ethmoidal bones, and the medial
orbital wall. They can be classified according to
Markowitz into type I, with a single fracture
fragment; type II, comminuted; and type III,
comminuted with the medial canthal tendon dis-
rupted from the bone [33].

In ZMC fractures, there is an isolated fracture
of any part of the zygomatic bone, which includes
the lateral and inferior orbital rims, the internal
lateral orbital wall, the zygomaticomaxillary but-
tress, and the zygomatic arch [34]. In ZMC frac-
tures, it is important to check what parts of the
zygoma are involved, if fracture parts are dis-
placed and if there are associated intraorbital
injuries.

The characterizing features of Le Fort frac-
tures are involvement of the maxilla and fracture
of the pterygoid plates [35]. In type II and III, the
orbit is involved. The type II Le Fort, there is a
fracture of the pterygoid plates together with

fractures of the inferior orbital rim, the medial
orbital rim, and the nasal bone or nasofrontal
suture. In this type, the maxilla and nasal regions
are mobile from the rest of the face. A type III Le
Fort fracture is a fracture of the pterygoid plates
plus a fracture of the zygomatic arch, lateral and
medial orbital rims, and nasal bones or nasofron-
tal sutures. In a type III Le Fort fracture, the
entire midface is mobile.

Graves Orbitopathy (GO)

Besides the clinical parameters combined in the
clinical activity score (CAS), imaging has impor-
tant additional value in diagnosing and monitor-
ing GO (also referred to as thyroid-associated
orbitopathy or thyroid-associated ophthalmopa-
thy) [36, 37]. Imaging also plays a role in the dif-
ferential diagnosis, when the clinical presentation
is atypical. The typical radiological presentation
of GO is a bilateral proptosis due to bilateral
enlargement of the extraocular muscles, with
sparing of the tendons, as well as an increase in
the orbital fat volume. Involvement of the extra-
ocular muscles in decreasing order of frequency
are the levator palpebrae superioris, the inferior
rectus, the medial rectus, the superior rectus, the
lateral rectus, and oblique muscles. The order can
be memorized by the mnemonic I'M SLOW
(except for the levator muscle). The most impor-
tant differential diagnosis is inflammatory myosi-
tis, which often involves the tendinous insertion.

CT has been the preferred imaging method for
GO for years. It can measure proptosis, detect
muscle enlargement, increased orbital fat volume
and lacrimal gland volumes, optic nerve stretch-
ing, apical crowding, and remodeling of the bony
orbit [38—40]. A positive correlation can be seen
between active inflammation and the volume and
density of the intraorbital fat, EOMs, and lacri-
mal gland [41, 42]. The measurement of the
orbital volume apex crowding index (ratio
between soft tissue and orbital fat volume of the
apex) and thickening of the medial rectus muscle
could help to predict dysthyroid optic neuropathy
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Fig. 4.3 Coronal CT with soft-tissue reconstruction (a)
coronal STIR MRI (b) and axial T2-wighted MRI (¢) in a
patient with Graves’ orbitopathy. On CT, the bilateral
thickening of the EOMs is appreciated, and the hyperin-
tense signal on STIR and T2 in the EOMs and orbital fat
reflects edema as a sign of active inflammation, which can
be relevant additional information. Note the marked pro-
ptosis, and the sparing of the tendons, which is typical for
GO

(DON), a serious complication of GO [43, 44]. It
is also shown that it is possible to reliable evalu-
ate these CT characteristics of GO with low-dose
CT with an iterative model reconstruction (IMR)
algorithm to reduce radiation dose to the ocular
lens [45].

However, CT only provides limited informa-
tion about disease activity and has limited corre-
lation with the CAS. With MRI, it is possible to
gain additional information about disease activity
through its ability to reflect the edematous
changes in the orbital soft tissues (Fig. 4.3). The
STIR technique or T2-WI with fat suppression

(i.e., TIRM, Dixon) is most reliable to show soft-
tissue edema. The increased signal intensity
(ratio) in the EOMs, and to a lesser extent in the
orbital fat and lacrimal glands, reflecting edema
and inflammation, positively correlate with the
CAS and can be used to evaluate medicamentous
treatment or to predict worsening of GO [19,
46-49].

Besides signal intensity on the fat-suppressed
series, DWI can be useful. An increased ADC
value, reflecting increased diffusion is seen in the
EOMs and lacrimal glands of active GO com-
pared to inactive disease and healthy subjects
[50, 51], and this can be detected even in an early
stage of disease [52, 53]. Also, this technique can
be helpful in monitoring treatment response [54].

A structural review of an orbital CT or MRI in
GO patients should include measurement of the
degree of proptosis, of the thickness of the EOMs,
the orbital fat and lacrimal gland volumes and
protrusion (through volumetric measurement or
visual inspection), the degree of optic nerve
stretching, and apical crowding. For MRI, addi-
tional evaluation of the edema of the EOMs and
lacrimal gland should be performed, visually or
more quantitative by measuring signal intensity
ratios (SIRs) compared to the temporal muscle or
with measurement of ADC values.

Orbital Infections

Preseptal cellulitis is mainly a clinical diagnosis
that does not need additional imaging. In post-
septal orbital cellulitis, however, imaging is often
indicated to determine the extent of the disease
and to make the decision between conservative
and operative management. Imaging can be per-
formed both with postcontrast CT of with
MRI. The CT has the advantage that it is very fast
and widely available, also besides office hours,
thereby making it the preferential imaging
method in most cases. CT can also reveal possi-
ble underlying sinusitis as the most common
cause of orbital cellulitis and guide orbital or
sinonasal surgery.
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Fig. 4.4 Subperiosteal empyema due to infected muco-
celes in the left ethmoid in a patient presenting with pro-
ptosis. Note the remodeling of the lamina papyracea due
to the mucocele (arrow), best recognized on the bone

In children and young adults, MRI is the pre-
ferred imaging technique when available in orbital
cellulitis because there is no ionizing radiation
involved. In young kids, this advantage should be
weighed against the use of general anesthesia
often needed in children below 7 years old. Also,
when limited availability of MRI could lead to
significant delay, CT should be considered. An
alternative strategy could be the use of a recently
proposed rapid MRI in children without the use of
intravenous contrast or general anesthesia [55].
Because of the superior soft-tissue contrast, it is
easier to differentiate suppurative collections
from orbital fat infiltration with MRI compared to
CT. Especially, the differentiation between true
intraorbital abscess from subperiosteal empyema
(Fig. 4.4) or intraorbital fat infiltration is impor-
tant because the first needs surgical intervention,
while the other conditions can often be managed
with conservative treatment [56]. Adding DWI to
the MRI protocol further improves the diagnostic
confidence in cases of subperiosteal empyema or
orbital abscess, even without the use of intrave-
nous contrast, because the purulent material will
show diffusion restriction [57].

MRI is also more sensitive in detecting possible
complications, like superior orbital vein or intra-
cranial (cavernous) sinus thrombosis, epidural
empyema, or intracranial abscess [58, 59].

reconstructions (a); the subperiosteal empyema is best
visualized on the soft-tissue reconstructions after [V con-
trast (dashed arrow) (b)

Therefore, in case of clinical presentation with a
progressive orbital apex syndrome or neurological
impairment, imaging with MRI is preferred. This
also applies for rapidly progressive orbital infec-
tions in immunocompromised or diabetic patients
when invasive fungal infections like angioinvasive
aspergillus of rhino-orbital cerebral mucormycosis
should be conceded. In these cases, urgent MRI is
preferred to CT to precisely determine the extent of
infection in surrounding tissues, because of the bad
prognosis without aggressive treatment [60, 61].

Orbital Soft-Tissue Lesions

The most important role of imaging in orbital
soft-tissue lesions or masses is to appoint the
extent of disease and to make a correct (differen-
tial) diagnosis. The most common orbital soft-
tissue masses include orbital inflammation,
vascular or lymphatic malformations (of which
the cavernous venous malformation is most com-
mon), developmental cysts, benign tumors like
schwannoma, optic nerve sheet meningioma,
solitary fibrous tumors (mostly benign, but up to
20% can be malignant) or pleomorphic adenoma
of the lacrimal gland and malignant tumors like
lymphoma, metastasis, and malignant tumors of
the lacrimal gland. In children, most common
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orbital masses are infantile hemangioma, devel-
opmental cysts, optic nerve glioma, retinoblas-
toma, and rhabdomyosarcoma. For the differential
diagnosis, radiological findings should be
combined with clinical information, laboratory
data, and information about other organs that
might be involved.

Making the right diagnosis on orbital masses
can be challenging, and it was even reported that
ophthalmologists and radiologists could only give
a correct diagnosis in less than 50% of the cases
when compared to histology [62]. Orbital inflam-
mation, for example, has many appearances mim-
icking other diseases like infection, Graves’
orbitopathy, optic nerve sheet meningioma, lym-
phoma, or other malignant tumors [63, 64].
Moreover, orbital inflammatory disease can be
idiopathic (IOI) or non-specific orbital inflamma-
tion (NSOI) or can be related to a systemic inflam-
matory or granulomatous disease, like rheumatoid
arthritis, seronegative spondyloarthropathies, sar-
coidosis, IgG4-related ophthalmic disease (IgG4-
ROD), or granulomatosis with polyangiitis (GPA).
Although there are some distinctive imaging char-

Fig. 4.5 Multiparametric imaging of a lesion medial in
the right orbit, combining parameters from CT (a), TIWI
(b), T2WI (c), contrast-enhanced T1 with fat suppression
(d), DWI (e) with the ADC map (f), and DCE (g) with the
time-intensity curve (h). This lesion shows bone destruc-
tion, sclerosis with low signal on T2, homogeneous

acteristics, it is often not possible to distinguish
these different types of inflammation solely based
on imaging. With MRI, the extent of the lesion can
be determined and this helps to classify orbital
inflammation according to the location including
diffuse, focal mass-like, anterior, posterior and api-
cal, or more specific if certain orbital structures are
involved, like myositis, dacryoadenitis, periscleri-
tis or perineuritis [65].

When the lesion is easily approached, a biopsy
can be taken for histology, but it can be essential
to have a radiological diagnosis before planning
the biopsy or surgery. For apical lesions, it is hard
to obtain a biopsy safely, so ophthalmologists
could decide to start treatment based on the clini-
cal and radiological diagnosis alone. Moreover,
for lesions like pleomorphic adenomas or der-
moid cysts, it is essential to know the diagnosis
before surgical intervention. Biopsy can be
avoided in most of these cases and the lesions
should be removed in toto with their capsules to
prevent recurrence or chemical inflammation.

CT, anatomic, and functional MRI techniques
are often complementary in evaluating an intraor-

TIC

enhancement, no diffusion restriction
(ADC = 1.1 x 107> mm?s), and a persistent uptake on the
TIC. This is suggestive of an benign mass, most likely a
sclerosing form of orbital inflammation, which was
proven by biopsy (histology: sclerosing inflammation, not
otherwise specified)
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Fig. 4.6 Dermoid cyst lateral in the left orbit of a child.
Note the hyperintense signal on both T2WI (a) and TIWI
(b) due to fatty content (arrows) and the extension into the
widened frontozygomatic suture (dashed arrow). Due to

bital mass lesion. Combining different imaging
techniques, in so-called multiparametric imaging
(Fig. 4.5), showed to improve the diagnostic
accuracy of orbital soft-tissue masses [16—18].

Involvement of the bony orbit is best-evaluated
with CT. When the orbital bone is involved, it is
important to discriminate bone erosion or
destruction from bone remodeling. Destruction is
mainly seen in aggressive lesions like malig-
nancy or osteomyelitis, while remodeling is
mainly seen in slow-growing lesions like muco-
celes, cavernous venous malformations, pleo-
morphic adenomas, or schwannomas. Osseous
destruction is also frequently seen in GPA and is
caused by necrosis. With CT, it also possible to
appreciate calcifications within a lesion, for
example, phleboliths, which are characteristic for
low-flow venous malformations. Often, an CT
scan is needed for per operative navigation.

The T1-WI, T2-WI, and T1-FS after contrast
are used to evaluate the extent of the lesion in six
directions and the involvement of the different
orbital compartments and structures. Some

the typical appearance on MRI, presurgical biopsy can be
avoided in most of these cases and the lesions should be
removed in toto with their capsules to prevent recurrence
or chemical inflammation

lesions are characterized by a specific location
like optic nerve gliomas originating from the
optic nerve, optic nerve sheets meningiomas
appearing with the typical ‘tram-track sign” sur-
rounding the nonenhancing optic nerve, pleo-
morphic adenomas originating from the lacrimal
gland, or myositis involving the EOMs. Other
lesions, like most inflammatory and vascular of
malignant lesions are not restricted to a specific
location. Besides the origin and extent of the
lesion, also potential extraorbital manifestation,
like perineural spread or intracranial extension,
should be evaluated with MRI. Further, lesion
boundaries are appreciated, discerning well-
circumscribed lesions from more infiltrative
lesions, as well as potential perilesional edema.

Most of the orbital lesions are T1 iso-intense
or hypointense, like in orbital inflammation and
orbital tumors. Only lesions that contain fat, such
as dermoid cysts (Fig. 4.6), melanin in case of
melanotic melanomas, or that contains hemor-
rhagic components can show T1 hyperintense
components.
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On T2-WI, the signal intensity depends on
components like edema and fibrosis; edema in
case of active inflammation being hyperintense,
while fibrosis in case of sclerosing orbital inflam-
mation appearing very hypointense. Inflammatory
lesions that show very low signal on T2-WI,
implicating extensive fibrosis, will be less respon-
sive to steroid treatment than lesions that show
hyperintense T2 signal due to active inflamma-
tion. Very low T2 signal can also be seen in IgG4-
related orbital inflammation. Fluid-containing
lesions like cysts and venous or lymphatic mal-
formations are often very bright on T2, and this is
exaggerated when applying fat saturation.
Cavernous venous malformations can be recog-
nized by the T2 hypointense pseudo-capsule.

A next step in the approach is to evaluate the
enhancement pattern. In general, enhancement
will be more homogeneous in case of inflamma-
tion and lymphoma than in case of venous mal-
formations, infection, or other malignancies. In
well-circumscribed ovoid orbital masses, the
enhancement spread pattern over time can be
used to differentiate orbital schwannomas, which
show start of contrast-enhancement from a wide
area, from cavernous venous malformations that
demonstrate a heterogeneous moderate enhance-
ment starting from one point or portion within the
lesion [66].

DWI helps to distinguish benign from malig-
nant orbital lesions, especially in differentiating
orbital inflammatory disease from lymphoma. In
general, inflammatory lesions have increased dif-
fusion with high ADC values because of freely
diffusible water molecules in the edema, while
malignant lesions show more restricted diffusion
with lower ADC values because of higher cellu-
lar content. Because lymphomas are very cellular
tumors, they have low ADC values. A threshold
value for ADC of 1.15 x 1073 mm?/s was pro-
posed to differentiate benign from malignant
orbital masses with an accuracy of more than
90% [67]. Another study showed that lesions
with an ADC of less than 0.93 x 107> mm?s are
likely to be malignant with a 90% probability,
while lesions with an ADC value more than

1.35 x 1073 mm?s are likely to be benign with
more than 90% probability [68].

The addition of PWI to the MRI protocol
might further improve the lesion characteriza-
tion, although there is less evidence for the
impact of DCE on the diagnostic accuracy when
compared to DWI [17]. While persistent uptake
on the time-intensity curve is typical for benign
lesions and washout is highly suspicious for
malignant lesions, the curve quite often demon-
strates a plateau, which is undetermined and not
contributing to the differential diagnosis [69]. At
least, PWI has proved to be useful in selected
cases, i.e., to differentiate the rare orbital solitary
fibrous tumors from other well-defined orbital
lesions like schwannomas or cavernous vascular
malformations due to their typical washout TIC
pattern [70, 71].

Lesions of the Bony Orbit

The most common lesions of the orbital walls are
related to trauma (discussed in previous para-
graph) and related surgery. Other more common

Fig. 4.7 Silent sinus syndrome in a patient presenting
with painless enophthalmos on the right side due to
depression of the orbital floor (arrow). This is caused by a
atelectasis of the maxillary sinus walls due to negative
sinus pressure in a chronic opacified maxillary sinus.
There is lateral displacement of the uncinate process in
contact with the lamina papyracea(dashed arrow)
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lesions are often related to sinonasal disease like
mucoceles (Fig. 4.4) and long-standing polyposis
with remodeling of the medial orbital wall lead-
ing to proptosis or the silent sinus syndrome with
depression of the orbital floor leading to enoph-
thalmos due to negative pressure in the maxillary
sinus (Fig. 4.7). Also, sinonasal squamous cell
carcinoma or esthesioneuroblastoma can involve
the orbital walls. Primary lesions of the orbital
bone can be classified into congenital lesions
(i.e., dermoid, epidermoid), fibro-osseous lesions
(i.e., fibrous dysplasia, osteoma, ossifying
fibroma), benign tumors (i.e., meningioma,
Langerhans cell histiocytosis, hemangioma of
the bone, aneurysmal bone cyst, mucoceles),
malignant primary (i.e., Ewing or osteosarcoma),
and other malignant tumors (i.e., plasmacytoma,
lymphoma, metastasis).

CT is the preferential imaging method in eval-
uating lesions of the bony orbit, but additional
MRI can be desirable in complex cases to evalu-
ate the bone marrow or when adjacent soft tissues
are involved. A systematic approach is essential.
The first step is to evaluate whether the lesion
originates from the bone or whether the lesion
arises from the soft tissues with secondary
involvement of the bone. When the lesion origi-
nates from the bone, the next step is to analyze
that the morphology is the lesion well-define or
ill-defined, osteolytic, or sclerotic. Other clues are
periosteal reaction, bone remodeling, cortical
destruction, matrix calcification, and whether
lesions are monostotic or polyostotic. Destruction
is mainly seen in aggressive lesions like malig-
nancy or osteomyelitis, while remodeling is
mainly seen in slow-growing lesions like muco-
celes, bone cysts, or fibrous dysplasia. Also, in
bone lesions the clinical history and especially the
age of the patient are very important for the dif-
ferential diagnosis. A well-defined lytic lesion in
a young child is suggestive of an (epi)dermoid
cyst or Langerhans cell histiocytosis, while an ill-
defined lytic lesion is suspicious of osteomyelitis,
Ewing sarcoma, osteosarcoma, or leukemia. In
elderly patients, a lytic lesion is most likely to be
metastasis or plasmacytoma/ multiple myeloma.

CE'T1FS

Fig.4.8 Typical example of a spheno-orbital or sphenoid
wing meningioma in a middle-aged female, presenting
with proptosis of the right eye. Note the additional value
of both CT and MRI: the reactive hyperostosis of the
sphenoid bone (arrow) is best appreciated with CT (a),
while the soft-tissue component with intraorbital and
intracranial extension is best reviewed on MRI (b).
Narrowing of the orbital apex and optic nerve compres-
sion due to the combination of hyperostosis and soft tissue
component

A lesion where both CT and MRI are indi-
cated is the spheno-orbital or sphenoid wing
meningioma. They can be recognized by their
typical appearance, centered within the greater
sphenoid wing with reactive hyperostosis of the
bone, best appreciated with CT, and a soft-tissue
component with intraorbital and intracranial
extension along the dura, best delineated with
MRI (Fig. 4.8). These meningiomas often
cause narrowing of the orbital apex due to the
hyperostosis or due to the soft-tissue component
with involvement of the superior orbital fissure
and less frequently the optic nerve canal [72].
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Conclusions

Imaging using CT or MRI will provide crucial
additional information in the evaluation of many
orbital conditions. Because of its superior bony
characterization and fast acquisition, CT is the
imaging method of first choice in urgent situations
like trauma, infection, and when the lesions arise
from the orbital wall. CT is also useful in preop-
erative planning and preoperative navigation. For
evaluating complex orbital disease, MRI is the
preferred modality. With its superior soft-tissue
differentiation, MRI is ideal for determining extent
of orbital lesions, including inflammatory disease,
orbital vascular lesions, and tumors. By adding
functional MRI techniques, like DWI and PWI,
and by combining the parameters from different
imaging techniques in so-called multiparametric
imaging, it is possible to further improve biologi-
cal characterization of these lesions. A structured
way of reviewing the orbital images, knowledge of
radiological appearance of most common orbital
pathology and combining it with important clini-
cal information is essential to create added value
of orbital imaging for patient care.
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Vision

Maarten P. Mourits

Learning Objectives

e Seeing is not just receiving visual
information.

e Seeing involves a process in which
images are modified and interpreted by
complex retinal and cerebral activities.

* Watching is a conscious and attentive
form of seeing; e.g., the viewer knows
what he sees.

e Seeing must be learned.

» Stereoscopic binocular single vision is
the highest level of seeing.

Introduction

Aristotle (384-323 BCE) stated that of all our
senses the eye is the most important. The recent
observation that “about one-third of the human
brain is dedicated to the mission of vision” [1]
seems to confirm his statement after almost
2500 years. Until the year 1600, the so-called
emission theory to explain how the eyes work pre-
vailed. Perhaps based on the observation that cats
show bright yellow-green eyes in the dark, Greek
scientists and many others after them believed
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that eyes emitted beams that were constantly
scanning the surroundings. Around 1600, it was
Keppler who discovered that it is the other way
around: Light beams enter the eye (immission
theory), and the world is depicted on our retina.
However, the difference between the meaning of
the words seeing and watching illustrates that pas-
sive and active aspects are involved. Images pro-
jected on the retina need to enter numerous neural
networks before they get a meaning. Already
Descartes argued that visual images are processed
as codes by our central nervous system [2].

Over the centuries, vision, as compared to
other senses, only gained importance. At present,
most human beings spend perhaps more than half
the time they are awake looking at some kind of
display: working, studying, relaxing, shopping,
gathering information, exchanging personal
information, reading, and anything; all can be
done with smart devices and our eyes (and fin-
gers). My personal screen time this week was
4.5 h a day, and this concerned just my desktop,
not my other devices.

What Is Seeing?

Seeing is not only the ability to distinguish details,
which allows us to read and write; it is also the
perception of a three-dimensional field that offers
us a position in spatial planning. With extremely
fast eye movements (up to 700° per second), we
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scan our surroundings. Less than 2% of what we
see is imaged in detail. Anything seen beyond this
area is blurred. These parts of our visual field are
being filled in with (visual) information by our
brain based on previous experiences. The brain
compares new images with those it has assembled
during our life and focuses on what is new or dif-
ferent. In this way, our visual apparatus is a very
economic and fast-responding system: Our atten-
tion is constantly drawn to those details that are
new or do not fit in our previous perceptions [1].

The subjective aspect of seeing explains why
sometimes two individuals see different things,
although they look at the same thing. Even more
fascinating is that a healthy, normal seeing indi-
vidual alternatingly can see two different images
when looking at one object. It appears impossible
to see both images at the same time. Look at
Fig. 5.1, what do you see: a duck or a rabbit?

What we actually see are differences in black
and white, lines, and shapes resulting in figures
that are saved in our visual memory system.
These resulting figures can be interpreted as
either a duck or a rabbit. Different neural net-
works compete for what appears in our aware-
ness: the duck or the rabbit (Fig. 5.1).

Visual Pathways

Light beams are firstly refracted on our cornea,
the window of our eye, secondly—on demand—

Fig. 5.1 Duck or rabbit? (Wikipedia—this image is in
the public domain)

by our lens and next focused on our retina.
Photons then travel through the transparent layers
of the retina to the second deepest, the layer of
the rods and cones. Here, they evoke an electrical
signal, which is processed and sent backward to
the second superficial layer, the nerve fiber layer,
which eventually forms the optic nerve.

The visual information travels along the optic
nerve to the optic chiasm, the lateral geniculate
nuclei, and finally along the optic radiation to the
primary visual cortex in the occipital lobes of our
brain. Here, the images from both eyes are merged
(if there is sufficient similarity) into a single, ste-
reoscopic, three-dimensional percept. The globes
or eyeballs can be regarded as a during the evolu-
tion pushed-forward part of our brain.

The visual system not only comprises afferent
pathways as described above. The geniculate
nuclei and the primary visual cortex connect with
a broad network of cerebral regions, which in
turn connect with the superior colliculus in the
brainstem. From here, efferent fibers run to the
dilatator and sphincter muscles of the iris, which
results in a pupil size inversely proportional to
the amount of light that falls on the eye. This
reflex can be simply tested with a penlight in a
semi-dark environment, with the person being
examined looking into the distance. Because of
mutual connections, not only the illuminated eye
shows narrowing of the pupil, also the pupil of
the fellow eye shows an identical contraction,
which is called consensual reaction. A relative
afferent pupil block (RAPD) indicates that some-
thing is wrong along this reflex arc, e.g., a tumor
compressing the optic nerve or any other part of
the optic pathways. In anterior uveitis (or iridocy-
clitis), the pupil cannot dilate as the iris is “glued”
to the lens.

From nuclei in the midbrain, three oculomotor
nerves (cranial nerves III, IV, and VI) innervate
six eye muscles (per eye): four straight and two
oblique muscles. A miraculously refined coordi-
nation system allows simultaneous movements of
our eyes in all directions to a limit of about 50°.
This coordination system is easily disturbed:
Consuming a little too much alcohol already can
result in blurred vision.
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The retina is composed of ten layers. The most
posterior is the pigment epithelium. Anteriorly
lies the layer of the rods and cones. The human
eye contains approximately 120 million rods and
7 million cones. The bipolar cells transmit the
signals from the rods and cones to the more ante-
riorly located ganglion cells. A single bipolar cell
may receive signals from several rods, which
helps to intensify the light and movement sensi-
tivity. In the center of the retina, called the mac-
ula lutea, the red- and green-sensitive cones are
one-to-one connected to ganglion cells, which
helps to create sharp vision. Amacrine and hori-
zontal cells are dispersed between the bipolar
cells and increase signal contrast. Horizontal
cells transmit signals from cones and rods to
other cones and rods and to several ganglion
cells. Amacrine cells disperse signals from a
bipolar cell to several ganglion cells. The axons
of the ganglion cells transport the modified sig-
nals to the brain. Finally, Miiller’s cells compose
a framework for the other cells.

The cones and rods contain light-absorbing
pigments, for which composition vitamin A plays
an important role. Vitamin A deficiency leads to
hemeralopia: night blindness [2]. The rods con-
tain the pigment-containing protein rhodopsin,
which is sensitive to most forms of visible light.
Rhodopsin cannot distinguish between different
colors, which explain why we cannot see colors
at night time when there is insufficient light to
stimulate the cones. The rods of patients suffer-
ing from complete color blindness (or day blind-
ness) are overstimulated during daytime with
light. The rods are completely saturated and can-
not see differences in brightness anymore. Night
blindness is not always easily recognized. Day
and night blindness are extremely rare.

Seeing Must Be Learned

Similar to playing the violin or golf, seeing must
be learned. This occurs during the first seven years
of life, provided that a clear image can be pro-
jected on the retina. When the pupil is covered by
the eyelid (blepharoptosis), when the optical
media (cornea, lens, vitreous) are not clear, or

when the eyes are not straight, this learning pro-
cess is impeded and the eye becomes amblyopic
(i.e., lazy eye). In contrast to other learning pro-
cesses, the ability to learn seeing comes to a com-
plete halt at the age of about seven. Moreover,
during those seven years, what has been learned
already can be lost again if something happens
that prevents the projection of a clear image on
the retina. The earlier in life such an event takes
place, the worse the visual outcome. The fact that
input of the whole body is required for the devel-
opment of proper seeing is demonstrated in the
next experiment. Inside a cylinder with vertical
black and white bars, one kitten was allowed to
walk, whereas the other kitten was carried around
in a box. Both kittens received exactly the same
visual input, but only the kitten that was allowed
to walk by itself developed normal vision [3].

Visual Acuity

Usually, the first thing that will be measured
when you visit an optometrist or ophthalmologist
with the complaint that you “see less” is visual
acuity. This is a function of the macula lutea, the
center of the retina in which the concentration of
cones is maximal and, therefore, where the abil-
ity to see images in great detail is optimal. The
outcome of this examination depends on the
quality of your macula, but also of the refractive
abilities of your eye. It was the Dutch ophthal-
mologist Frans Cornelis Donders (1818-1889),
whose studies of pathology and physiology
established the base for the correction of near-
sightedness, farsightedness, and astigmatism. In
nearsightedness (or: myopia), the focal point of
the reflected image of the outside world lies in
front of the retina, which explains why the image
is not sharp. Myopic patients are corrected with
concave lenses. In patients with farsightedness or
hypermetropia, the focal point lies behind the
retina. Without help, a young hypermetropic
patient can create a sharp image by accommodat-
ing, e.g., by making his lens rounder. However,
constant accommodation—for seeing nearby and
in the distance—imposes an extra effort, and this
may lead to fatigue and/or burning eyes or other
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nonspecific complaints. With aging, the ability of
the human lens to become rounder decreases and
nearby objects cannot be seen sharp anymore.
This is called presbyopia. Presbyopia is superim-
posed on myopia and hypermetropia.
Hypermetropic or presbyopia patients are cor-
rected with convex lenses. People who are not
myopic or hypermetropic are called emmetropic.
The aging process of the human lens causes
emmetropic people to look for reading glasses
around the age of 45. Astigmatism, finally, is an
imperfection of the curvatures of the cornea or
(Iess frequently) of the lens. It can be corrected
by aspheric, toric lenses.

Visual acuity is tested using derivatives of the
Snellen optotypes. Herman Snellen (1834-1908)
was Donder’s successor as director of the
“Ooglijders Gasthuis” in Utrecht. Compare an O
and a C, depicted in black on a white background.
When one is able to see the opening in the C as a
distinct area (and assuming one is familiar with
the Latin alphabet), one can conclude to see a
C. This is the principle of Snellen’s optotypes.
With the Snellen chart, showing optotypes in
decreasing size, the visual acuity (or the resolv-
ing power of the eye) is measured (Fig. 5.2).

Color Vision

Light is defined as the part of electromagnetic
radiation that is visible to the human eye and cov-
ers wavelengths between 400 nm (violet) and
750 nm (red). Objects that completely absorb
light of all visible wavelengths appear as black,
whereas objects that almost completely reflect
light beams of all wavelengths are experienced as
white. Strictly speaking, therefore, color is no
intrinsic physical characteristic of objects. The
sensation of color is created by our eyes and brain
to make a distinction between objects possible.
Color facilitates detecting borders of objects.
While rods are 1000 times more sensitive to light
than cones, they do not discern colors as the
pigment-containing protein rhodopsin cannot
discriminate between different wavelengths. In
contrast, cones contain different pigment-
containing proteins that transform light into elec-
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Fig. 5.2 Snellen chart (Wikipedia—Creative Commons
Attribution-Share Alike 3.0 Unported license)

trical signals. There are three types of human
cones, responding to different wavelengths: blue-
sensitive (short wavelengths), green-sensitive
(medium wavelengths), and red-sensitive (long
wavelength). Sixty-five percent of our cones are
red-sensitive, 33% are green-sensitive, and only
2% are blue-sensitive. Already located in the ret-
ina, circuits of cells make mixing of colors pos-
sible, which eventually leads to the ability to
distinguish more than 100 different colors (if cir-
cumstances are optimal). More than 99% of all
colorblind people are suffering from a red—green
color vision deficiency. The X-linked recessive
red—green deficiency affects up to 8% of males.
In most orbital diseases, color vision hardly
plays a role. The exception is Graves’ disease.
Loss of color vision, especially over the blue
axis, is an early manifestation of dysthyroid optic
neuropathy (DON) [4]. Color vision is mostly
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tested with Ishihara’s red—green pseudo-
isochromatic color plates. Although Ishihara’s
test is theoretically not the most sensitive test for
patients with developing DON, it was found that
almost all patients suspected of having DON
responded abnormally to this test [5].

Seeing in Darkness

The human eye is able to see objects that are
hardly illuminated and also things that receive
more than one billion times more light (from the
sun) [2]. However, it cannot see such objects at
the same time. The human eye is gifted with a
high potential of contrast sensitivity within a
narrow range of light intensities [2]. In order to
achieve this, the eye is able to adapt itself to the
brightness of the light. Seeing under low-inten-
sity light circumstances is called scotopic vision.
Photopic vision is seeing under daylight circum-
stances. Cones are only stimulated when the light
intensity surpasses a certain minimum and react
immediately. Rods are far more light-sensitive,
but need an adaptation time of minutes when
light intensity decreases suddenly, e.g., when
entering a dark room. Rods produce differences
in gray, but no colors. Sharp vision disappears at
night time.

Visual Field

The visual field is the total area that can be seen
without moving one’s head. It is grossly oval
with its horizontal diameter larger than its verti-
cal. The visual field of one eye covers that of the
other eye for a large part. Only the center of the
visual field allows binocular vision; in other
parts, there is just monocular vision. The visual
field warns of fixed or moving objects in the
periphery and is thus of paramount importance in
traffic circumstances. When fixating an object,
we can distinguish a left and a right part of the
visual field. The right part of the visual field of
the right eye is projected on the nasal part of the
retina, crosses the chiasm, and is then projected
on the left hemisphere. The visual field is usually

tested, each eye separately, with a Goldman
(Chap. 6) or Humphrey perimeter. The fully
developed classical visual field defects, such as
homonym, heteronym, or bitemporal hemianop-
sia, are rare in orbital diseases. Instead, we find
enlargement of the blind spot or cecocentral and
paracentral defects, for instance, in patients with
an optic nerve sheath meningioma or DON [6].
Typical eye diseases that are related to visual
field defects are glaucoma and the family of
inherited disorders of the photoreceptors called
retinitis pigmentosa.

Stereoscopic Vision

When we fixate an object with both eyes, each
eye sees that object from a different angle. In
people with straight eyes, the two images are pro-
jected on corresponding retina points and are
fused into one single image in the brain. We call
this sensory fusion. The result is a sense of depth
perception. A point in space further away from
the fixated point is depicted nasally from the
fovea (binasal disparity) and is therefore experi-
enced as further away from the eye. A point
closer to the eye than the fixated point is depicted
temporarily from the fovea (bitemporal disparity)
and is therefore appreciated as closer to the eye
(Fig.5.3). Hence, stereoscopic seeing requires a
geometrical construction, built up by two pupils
and a fixation point. Prior to sensory fusion, the
eyes have to be directed at the focus of attention.
This is called motor fusion. Sensory and motor
fusion are complementary. Binocular single
vision and diplopia are extensively discussed in
Chap. 6. Stereoscopic seeing enables evaluation
of distances between two objects. Stereoscopic
seeing, however, is limited. Beyond a distance of
approximately five meters, this system adds little
to monocular seeing because the differences in
the angles between the two eyes become too
small to be detected by our brain.

With only one eye, a limited form of stereos-
copy is possible. This is called psychophysic ste-
reoscopy. It is based on the (known) size of
objects, the parallax, and accommodation state of
our eyes.
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Facial Recognition

Facial recognition is an extremely important
characteristic of animals that live together in
groups, such as primates. Humans have devel-
oped a refined facial recognition system, which
allows a young baby already to recognize its
mother’s face. The center of the retina (e.g., the
macula lutea) and occipital brain center(s) are
essential for facial recognition. Patients with
advanced stages of macular degeneration (the
most frequent cause of impaired vision in the
Western world) lose the ability to recognize
faces, which in turn may lead to social isolation.

Fig. 5.3 Stereoscopic vision. On the left side, point A is
being fixated. Point B, closer by, is being depicted on the
retina with temporal disparity. On the right side, point B is
being fixated. Point A, at a more remote distance, is being
depicted with nasal disparity 1. Eagleman D. The brain. The story of you. Edinburgh:
Canongate Books; 2016. p. 42.
. L . 2. Crone RA. Licht, kleur, ruimte. De leer van het zien
For most daily activities, psychophysic stere- in historisch perspectief. Houten: Bohn Stafleu Van
oscopy suffices. For instance, individuals who Loghem; 1992.
have only one functional eye are allowed by law 3. Held R, Hein A. Movement-produced stimulation in
the development of visually guided behavior. J Comp
: A Physiol Psychol. 1963;56:872-6.
gery requires double-eyed stereoscopic Vision. 4 Neigel JM, Rootman J, Belkin RI, Nugent RA,
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Learning Objectives

* Diplopia can be either monocular, bin-
ocular, or gaze dependent.

e Be aware of the possibility of pre-
existing strabismus.

* The absence of diplopia in an individual
does not automatically imply that this
person has binocular single vision.

e Careful examination of the ocular move-
ments is necessary to differentiate neu-
rogenic from mechanic causes of
diplopia and to diagnose any pre-
existing strabismus.

* During follow-up, patients may be
helped with some form of occlusion or
Fresnel prisms to prevent diplopia.

» Different surgical procedures are avail-
able to create a useful field of binocular
single vision.

e If a significant amount of cyclotorsion is
measured, a poorer prognosis for both
adjusting to the Fresnel prism as well as
for the outcome of strabismus surgery is
given.
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e A full field of binocular single vision
may not be reached despite surgical
treatment in patients with orbital
pathology.

Introduction

Each of us has double vision. Our eyes allow us to
see the world as it is; our minds allow us to see the
world as it can be.—Patti Dawn Swansson

The perception of depth through the use of two
eyes is a naturally occurring visual process,
which is often taken for granted. The importance
of binocular single vision becomes painfully
apparent once it is lost. Once a diagnosis is made,
requiring quick surgical or medicinal interven-
tion and especially in case of multidisciplinary
approach, the complexity of diplopia often fades
into the background. However, the basis of the
binocular system plays an important role during
the course of treatment, especially when different
medical specialists are to decide on the treatment,
sometimes based upon the presence or absence of
diplopia. Extricating the true cause of diplopia
may be difficult. The orthoptist, however, is
trained in examining ocular movement and bin-
ocular single vision. The orthoptist may play a
crucial role in the early stages of diagnosing in
orbital disorders and certainly in the follow-up
through the different stages of treatment, whether
conservative or surgical.
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Levels of Binocular Single Vision
and Diplopia

Physiology Binocular Vision:
The Cyclopean Eye

Binocular single vision is the simultaneous use of
both eyes to give a single mental impression in
normal visual conditions. Normal binocular
vision is possible when the left and right fovea
fixate on the same point and there is no manifest
deviation (Fig. 6.1a). The two images of both
fovea are perceived as one: The brain combines
the images of both eyes to a single three-
dimensional percept. This combining of the two
images from each fovea is called the cyclopean
eye (Fig. 6.1b). Double vision occurs when either
two eyes perceive two separate images or when
the perceived images are of dissimilar quality
(Fig. 6.1c, d). Binocular double vision or diplo-
pia is an indication that at least both eyes per-
ceive an image.

Different Levels of Binocular Vision

Binocular single vision is the result of a compli-
cated system that consists of several levels. The
first level is simultaneous perception, i.e. the abil-
ity to perceive an image with both eyes at the

FOS

Fig. 6.1 (a—d) Normal binocular single vision when the
candle is perceived on the fovea of the right and left eye
(a) shown as one candle in the cyclopean eye (b). Diplopia
when the candle is perceived on the fovea of the left eye

same time. The second level is fusion, which is
the ability to appreciate two images that are alike
and to interpret them as one. The highest grade of
binocular single vision is stereoscopic vision,
which is the perception of relative depth of
objects in space. This can be tested in a clinical
setting through the use of stereoscopic tests, such
as the stereofly test or the TNO stereopsis test
(Fig. 6.2).

Diplopia in Childhood

In order to appreciate double vision, there are
several conditions that have to be met. Binocular
vision must be present since the early years of
childhood. If adults have strabismus since an
early age, the binocular system has adjusted to
this binocular abnormality. This means that the
brain is used to an ocular deviation and that the
visual cortex develops an adaptation called sup-
pression. In case of suppression, an eye is able to
see in monocular condition. In binocular condi-
tion, however, the suppressed eye does not con-
sciously perceive an image.

In some cases, this suppression also leads to
amblyopia, i.e. a lower visual acuity caused by a
continued state of suppression, in which the
visual system delays or even stops its visual
development.

FOS FOD P

(FOS) and point A of the right eye (AOD) (¢) showing two
candles in the cyclopean eye (d). OS left eye, OD right
eye, FOD fovea right eye, AOD other point of right eye,

FOS fovea left eye
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Fig. 6.2 TNO stereopsis test (a) and Titmus stereofly test (b)

If there is a sudden change in eye position in
children, they might perceive a double image
very shortly. The plasticity of the young brain
will almost immediately adapt to this new situa-
tion, in which case suppression and amblyopia
arise. Objective examination is therefore crucial
in young children.

Strabismus But No Diplopia

In orbital diseases, loss of binocular single vision
resulting in diplopia is a common phenomenon,
but loss of binocular single vision does not
always result in diplopia. Examples of the
absence of diplopia in combination with absent
or abnormal binocular single vision are:

1. Pre-existing strabismus since childhood, in
which case the image of the deviating eye is
suppressed.

2. Amblyopia in one eye.

3. Significantly reduced visual acuity due to a
coexisting eye disease.

4. Significant visual field defect due to a coexist-
ing eye disease.

5. An ocular torticollis, i.e. patients adapt an
abnormal head posture to avoid double vision.

Monocular or Binocular Diplopia

Diplopia must first be sorted in either binocular
or monocular diplopia. Binocular diplopia means

that there is a change in eye position of one eye
relative to the other, a condition to which the
patient is not used to. With one eye closed, the
diplopia disappears. Monocular diplopia is a
form of blurred vision, but usually considered as
double vision by the patient. Monocular diplopia
is in almost all causes produced by abnormalities
of the ocular globe, such as the ocular surface or
the ocular lens.

Acquired or Long-Standing?

Once it has been established that there is indeed
binocular double vision, orthoptic examination
can then clarify whether double vision is caused
by long-standing or recently acquired strabismus.
Strabismus that has been present since childhood
is most often concomitant, i.e. an ocular devia-
tion that remains unchanged, regardless the direc-
tion of gaze. In case of incomitant strabismus, the
ocular deviation changes depending on the direc-
tion of gaze (Fig. 6.3). Examining the ocular
movements will distinguish between both types
of strabismus (see Eye movement). It does not
mean that incomitant strabismus is always
acquired. If incomitant strabismus is present
without diplopia in the absence of ophthalmo-
logical abnormalities, it may be assumed to be
long-standing. Whether the long-standing stra-
bismus is concomitant or incomitant, the binocu-
lar system has adjusted to this situation, as is seen
in the presence of suppression fitting the previ-
ously existing deviation.
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Fig. 6.3 Straight eye position with concomitant eye movements (a) and left hypotropia with incomitant eye move-
ments (b)
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Pre-existing strabismus may be disrupted in
the presence or absence of mechanical or neuro-
genic damage and may consequently cause diplo-
pia. Once an eye position is changed, a patient
may experience double vision just as is seen in
patients with acquired strabismus without an
orthoptic history. This can be explained by a pre-
viously adapted binocular system or suppression
that is not sufficient anymore. Patients may not
even be aware of long-standing strabismus and
report it as recently acquired.

In case of acquired strabismus, the type of dip-
lopia (horizontal, vertical, cyclotorsion, or com-
bined) will give an indication of the involved
ocular muscles. Through orthoptic examination,
it is possible to specify the type of diplopia as
well as to determine whether ocular motility is
concomitant or incomitant. Most often it is pos-
sible to define whether motility disorders are
long-standing or acquired, mechanical, or neuro-
genic in nature. In follow-up consultations, it is
possible to record whether ocular motility is sta-
ble or changing over time.

Causes of Diplopia

The different types of diplopia may have several
causes. Before orbital and often mechanic causes
are assumed in orbital abnormalities, one also
must consider a neurological cause of diplopia.

Diplopia Due to Head Trauma

Head trauma may lead to ocular nerve damage
which is expressed as ocular muscle paralysis,
such as lateral rectus paralysis in case of a nuclear
lesion of the VIth cranial nerve. Even on a more
peripheral level, one can find an ocular muscle
paresis. The trochlear nerve (IVth cranial nerve)
is most vulnerable to damage due to its long tra-
jectory from the brainstem to the superior oblique
muscle (Fig. 6.4). Either internuclear nerve fail-
ure or peripheral nerve damage will lead to an
ocular motility disorder with diplopia. Nerve
damage may be caused by disruption of the nerve
in case of direct damage by, for example, bone

|\
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Fig. 6.4 The trochlear nerve (green) passes from the
midbrain onto the lateral surface of the crus of the cerebral
peduncle. It runs through the lateral dural wall of the cav-
ernous sinus, then crosses the oculomotor nerve and
enters the orbit through the superior orbital fissure, above
the common tendinous ring of the recti muscles. Here, it
lies above the levator palpebrae superioris muscle and
medial to the frontal and lacrimal nerves [1]

PRIMAL PYCTURES n

fragments, bruising of a nerve by brain move-
ment, interrupted blood supply, and/or hemor-
rhage or compression from or within the nerve.

Diplopia is also seen in patients with superior
orbital fissure syndrome, in which case the IIlrd,
IVth, VIth, and Vth cranial nerves are involved in
the event of bone accident in this region. In case
of intraorbital damage, one may also find diplo-
pia caused by nerve damage when near the apex
of the orbit.

Of course, diplopia may be caused by direct
damage to the ocular muscles as is seen in facial
trauma or may be iatrogenic in nature after orbital
surgery. Muscles may be contused in case of
shifting bony fragments, swelling due to intra-
muscular hemorrhage, muscle damage due to lac-
eration, or changed muscle mechanics due to
muscle displacement. In some cases, however
rare, there may even be muscle entrapment in an
orbital fracture. In case of mechanical damage
after an orbital blow-out fracture, the mechanism
of damage leading to diplopia is quite similar to
that caused by an orbital decompression opera-
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tion. In case of a fracture, damage to the muscles
is rarely the cause of diplopia. It may partly be
due to the herniation of orbital fat and connective
tissue into the surrounding sinus with subsequent
traction on the muscle sheaths. In case of an
orbital decompression, diplopia may be induced
by means of change in the support system of the
orbital content after removal of orbital walls.

Diplopia Due to Abnormal Structure

Another major cause of diplopia is the presence
of an abnormal lesion in the orbit. Any abnor-
mal volume in the region of the muscle or of the
muscle itself may limit both the contraction and
the relaxation of that specific movement
(Fig. 6.5). Ocular muscles that have been
affected by orbital pathology—such as orbital
myositis, intraorbital space-occupying lesions,
or inflammatory conditions such as Graves’
orbitopathy (GO)—show a change in function
depending on the level of involvement. In case
of mild inflammation, ocular function may not
be hampered at all. However, as may be seen in
GO, some patients show edema of the orbital
tissue including the ocular muscles, in which
case there is a structural change of muscular tis-
sue and, hence, function and mechanics.

Depending on the amount of swelling, one
will find impaired muscle movement caused by
tightness or contraction of the muscle. The typi-
cally enlarged eye muscles cause a limitation of
eye movement in the opposite direction due to
their inability to relax.

Orthoptic Investigative Procedures

In order to determine the presence and the degree
of strabismus, ocular motility disorders, and/or
the level of binocular single vision, the orthoptist
has an array of investigative procedures to select
from. At the start of the investigation, the pres-
ence of an abnormal head posture to compensate
for gaze-dependent strabismus must be noted. All
observations and measurements are performed
with the patient assuming the primary sitting
position (sitting upright, shoulders back and head
upright).

Eye Position

The corneal light reflex informs about the posi-
tion of the globe. Using the light reflex, an
impression of the angle of deviation (strabismus)
can be achieved (Fig. 6.6).

e A light reflex on the border of the pupil indi-
cates strabismus of roughly 15°.

e A light reflex between the border of the pupil
and the limbus (corneoscleral transition) indi-
cates strabismus of about 30°.

e A light reflex on the limbus means a strabis-
mus of about 45°.

This estimation of the angle of deviation is
called the ‘Hirschberg method’.

An asymmetric corneal reflex is indicative of
strabismus and may be accompanied by diplopia
(Fig. 6.7). We can distinguish four different types
of strabismus:

Fig. 6.5 MRI scan of a patient showing enlargement
especially of the inferior rectus muscle of the left eye

Fig. 6.6 Symmetrical light reflex with the potential of
binocular single vision
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Fig. 6.7 Asymmetrical light reflex with an exotropia (a)
and hypotropia (b) of the left eye

* Esotropia = inward displacement of one eye.

* Exotropia = outward displacement of one eye.

e Hypertropia = upward displacement of one
eye.

e Hypotropia = downward displacement of one
eye.

Measurement of Strabismus

More precisely than with the Hirschberg method,
the amount of deviation can be captured through
the use of prism bars at several distances or even
in different directions of gaze. When measuring
strabismus, the prism bar is used to divert incom-
ing light rays of a fixation light to meet the
amount of ocular deviation. When combined with
the cover test, the examiner can objectify the
degree of strabismus. The patient is asked to fix-
ate on a light, while the eyes are alternately cov-
ered (Fig. 6.8). If strabismus is present, an eye
will have to make a corrective movement after it
is uncovered. If the amount of strabismus is equal
to the strength of the prism used, the movement
of the eyes is neutralized. If the strength is equal
to the amount of deviation, light will fall on to the
fovea and an eye does not have to adjust its posi-
tion upon fixation.

Binocular Single Vision

Once strabismus has been established, one can
examine the ability of binocular single vision by

Fig. 6.8 Alternating cover test in combination with one
prism basing temporal (in front of right eye) and the other
prism basing down (in front of left eye) measuring and
esodeviation and left hyperphoria or left hypertropia

means of adjusting the incoming image through a
prism bar. This prism bar, adjusted in the specific
amount that meets the ocular deviation, will
cause an image to be interpreted as one (Fig. 6.9).
Once fusion has been established, one is then
able to report on the ability to hold on to the sin-
gle image, while changing the amount of hori-
zontal and vertical prisms. This will, then, give
rise to a horizontal and vertical fusional range.
The size of this range can clarify complaints. A
high range may conceal ocular deviations,
whereas a small range may give rise to com-
plaints that do not seem fitting in case of a small
deviation. This fusion range helps to decide
whether prisms are beneficial in alleviating dip-
lopia during daily life (see conservative
treatment).
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Fig. 6.9 Prism bars in front of the patient’s eye to per-
ceive binocular single vision

Field of Binocular Single Vision

In acquired strabismus, diplopia is often only
present in some directions of gaze. In other direc-
tions of gaze, binocular single vision exists. The
localization and the extent of the area of diplopia
determines the inconvenience in daily life. For
instance, a patient with an orbital floor fracture
may have diplopia only if looking up. As the need
for looking up in everyday life circumstances is
limited, especially for tall people, the impact of
the diplopia will be acceptable. Generally, single
vision in primary (gaze straight ahead) and read-
ing position will often be acceptable for the
patient and is often the best to be obtained, i.e. in
patients with severe GO.

In case a patient reports diplopia as well as
binocular single vision, a field of binocular sin-
gle vision can be determined and this is very

Fig.6.10 The Goldman perimeter

useful in decision making and follow-up. A field
of binocular single vision can be attained and
quantified in several manners. In literature,
Goldman perimetry is considered to be the
golden standard (Fig. 6.10). One must keep in
mind, however, that this device does not depict
natural viewing conditions because of limited
fusion. The measurement performed with the
Harmswand or Maddox tangent screen
(Fig. 6.11) results in a field of binocular single
vision in more natural conditions.

In either approach, the patient is asked to
report at what point he/she notices diplopia. In
case of Goldman perimetry, the patient is asked
to follow a light from a point of single vision with
his/her head fixated. In the other two approaches,
the patient will be asked to move his/her head
while focusing on a fixated light. The field of bin-
ocular single vision is a means of quantifying
double vision. Scoring a field of binocular single
vision may be done with the Sullivan score [2]
(Fig. 6.12). The quantitative score ranges from 0
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Fig.6.11 The Maddox
tangent screen T

Fig.6.12 Score field

according to Sullivan

et al. (1994) [2] for

quantifying the field of

binocular single vision

ranging from 0 (no

binocular single vision)

to 100 (no double
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(no binocular single vision) to 100 (no double Sullivan score field in combination with the field
vision). This scoring system easily clarifies the of binocular single vision simplifies progress in
progression of improvement (Fig. 6.13), worsen-  treatment and allows comparison between study
ing or change after surgery. The use of the groups accessible [3].
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| 100 points

Fig. 6.13 Progress of the field of binocular single vision during follow-up measurements. White = binocular single

vision; pink = diplopia

Fig.6.14 Schematic

view of horizontal eye Abduction
movement of the medial Lateral rectus Medial rectus
and lateral rectus muscle muscle
muscles [4]
LATERAL MEDIAL LATERAL MEDIAL
Adduction Abducﬁk /A(:duction

Eye Movement

Different types of eye movements can be
distinguished:

e Versions: binocular and symmetrical eye
movements. Both eyes look in a particular
direction and move in a synchronized
manner.

e Ductions: monocular eye movement of one
eye in a specific direction:

— Abduction: temporal movement.

— Adduction: nasal movement.

— Elevation: upward movement.

— Depression: downward movement.

e Concomitant: No change in ocular deviation
despite change in direction (Fig. 6.3a).

e Incomitant: A change of ocular deviation per
direction; one eye is restricted in its move-
ments and the other will overcompensate
while moving in the same direction (Fig. 6.3b).

To determine whether strabismus is concomitant
or incomitant, the ocular deviation must be judged
in the nine positions of gaze. Each ocular muscle

has a different function per gaze. The axis of rota-
tion of the normal functioning eye muscles depends
on the muscle insertion to the globe. The horizontal
muscles, the medial and lateral rectus, all have an
almost purely horizontal action (Fig. 6.14).

The vertical and oblique muscles, however,
have a more complicated action of movement due
to their oblique position on the globe; not only
moving the eye up and down, but also causing
movement around the visual axis of the eye,
which is called cyclotorsion. The visual axis is
the line that connects a point in the outside world
through the center of the pupil to the fovea cen-
tralis (center) of the retina.

The vertical and oblique ocular muscles have
a primary, secondary, and tertiary action
(Table 6.1). Depending on the position of the
ocular globe, the position of the muscle will
change relative to the visual axis leading to a dif-
ferent action. The superior oblique muscle/ten-
don is at an angle of 51° with the visual axis
(Fig. 6.15). This means that if the eye is adducted,
the visual axis is perfect aligned with the superior
oblique muscle and will have a vertical action
(depression).
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Table 6.1 Actions of external eye muscles in primary position [5]

Muscle Primary action Secondary action Tertiary action
Inferior rectus Depression Excycloduction Adduction
Superior rectus Depression Incycloduction Adduction
Medial rectus Adduction - -

Lateral rectus Abduction - -

Superior oblique Incycloduction Depression Abduction
Inferior oblique Excycloduction Elevation Abduction

W/

Fig.6.15 The anatomical position of the superior oblique
muscle [6]

Measurement of Incomitant
Strabismus

Once it has been established that there is a form
of incomitant strabismus due to a motility disor-
der, ocular movements will have to be docu-
mented more precisely. There are three essential
components of this documentation: ductions, eye
position in nine directions of gaze, and cyclotor-
sion. These three components are necessary for a
proper diagnosis as well as essential in decision
making with regard to further treatment.

Ductions

Ductions are a measurement of monocular ocular
movement, more specifically of the horizontal
and vertical eye muscles. Muscle function can be
evaluated by means of a grading system. A grad-
ing scale from —4 to +4 is often used to quantify

o
=1 B

Fig.6.16 Motility meter developed by Mourits

muscle function (+ is degree of overaction, and
— is degree of underaction). In this manner,
oblique muscle function can also be roughly clas-
sified. This grading system is completely subjec-
tive—and therefore observer dependent—and
much less precise to a deviometer such as the
Goldman perimeter or a motility meter as devel-
oped by Mourits (Fig. 6.16), although the latter
cannot evaluate or grade oblique muscle func-
tion. The patient follows a moving light on an
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Table 6.2 Normal values of ductions [7]; OD is oculus
dexter, i.e. the right eye: OS is oculus sinister, i.e. the left
eye

Ductions OD (0N
Abduction 46 46
Adduction 48 48
Elevation 34 34
Depression 58 58

arc, while the examiner pays attention to the cor-
neal light reflex of the patient. Maximal duction
is recorded from the digital screen as seen in the
picture. Though much more precise, the grading
is derived from an observation of the corneal
light reflex and, therefore, also subjective and
observer dependent. Normal values of the duc-
tions are shown in Table 6.2.

Nine Positions of Gaze

Once the function or limitation of an ocular mus-
cle has been documented, the eye position should
be measured in nine positions of gaze. This can
be achieved through the use of a Maddox rod in
combination with a tangent screen at 2.5 m (Figs.
6.11 and 6.17), a Hess motility screen (50 cm) or
a Lancaster screen (1 m). Each will give the same
result, although measured at different distances.
Overaction and underaction of muscle function
can be schematically depicted and followed over
time (Fig. 6.18).

Cyclotorsion

Another function of ocular motility that is
essential in diagnosis and therapeutic delibera-
tion is cyclotorsion. Cyclotorsion is a rotation of
the eye around the visual axis. The majority of
patients will not spontaneously report abnormal
cyclotorsion, unless specifically asked for.

ODS

Fig. 6.17 Maddox rod in front of the right eye. The
patient perceives a red line through the red lens of the
Maddox rod. The red line is perceived on the right side of
the light on the tangent screen at 2.5m in case of this
esodeviation. The red line is projected onto the tangent
screen at 2.5m, the distance between the light and the line
can then be recorded in degrees

However, cyclotorsion is often indispensable in
diagnosing and plans for surgical treatment
especially in acquired strabismus. Measurement
of torsion is helpful in identifying oblique mus-
cle weakness or overaction, such as can be
found in acquired fourth nerve palsy in which
case excyclotorsion will be found. In case of
congenital strabismus, cyclotorsion will not be
noticed by the patient. The presence or absence
of cyclotorsion can be crucial in differentiating
between congenital or acquired lesions and the
need for further neurological examination.
Incyclotorsion, on the other hand, is often found
secondary to orbital injury or orbital surgery
[8]. Measurement of cyclotorsion can be per-
formed in different positions of gaze using the
Harms tangent screen or the cycloforometer of
Franceschetti (Fig. 6.19).
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Fig.6.18 Amsterdam motility diagram: The red lines are
a depiction of the points of each reported placement of the
red line on the tangent screen at 2.5m in the nine direc-
tions of gaze. The red lines show a right hypotropia (the
circle in the middle of the square on the right side of the
diagram is lower in ratio to the black lines which would be
normal) in a patients with Graves’ orbitopathy caused by
a restricted elevation. On right gaze the inferior oblique

Fig. 6.19 The cycloforometer of Franceschetti

Evaluation

After orthoptic assessment, diagnosis, and multi-
disciplinary consultation, it is important to evalu-
ate these findings in light of the patient’s
experience. A patient with a field of binocular
single vision of 80 points can be fully incapaci-
tated when he/she is a plasterer and uses the
remaining 20% of upper field of gaze for more
than 70% of the day, while a similar patient work-

oD

~

muscle overacts (red line formed from the circle in the
middle on left side (OS) which is deviated to the right
upper corner and shows the inferior oblique function),
which results in an increased right hypotropia.
Cyclotorsion is recorded in three directions of gaze next to
the diagram. Exc excyclotorsion, OS left eye, OD right
eye

ing an administrative job will report no com-
plaints at all, although presenting with equal
measurements. Several quality-of-life question-
naires are available to quantify this.

Treatment of Diplopia

The treatment of diplopia can be either conserva-
tive or surgical.

Conservative Treatment

While waiting for spontaneous improvement,
nonsurgical treatment can start once a patient is
presented to the orthoptist. Primarily, three
options may be considered: abnormal head pos-
ture, prisms, and occlusion.

A fourth form of treatment must be contem-
plated in case of orbital fractures: eye movement
exercises. No clinical studies have been per-
formed to analyze the effect of monocular eye
muscle exercises in patients with orbital fracture.
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Fig. 6.20 Exotropia of the right eye (a) with diplopia shown in the cyclopean eye (b). Prism base nasal in front of
deviated eye (c) gives single vision for the patient a shown in the cyclopean eye (d)

It is, however, the golden standard and the first
line of treatment in these patients. During the first
few weeks after trauma, the affected eye has to be
actively moved in all gaze directions with the
sound eye covered.

Abnormal Head Posture

Most patients with acquired strabismus and some
form of binocular single vision will naturally
adapt and assume an abnormal head posture to
avoid double vision. Some patients, however,
must be actively pointed to this possibility.

Prisms

In case of strabismus with diplopia, to achieve
binocular single vision, a patient sometimes can
be helped with prisms (Fig. 6.20). By means of a
prism bar, ocular deviation can be neutralized
and the particular prism strength can be pre-
scribed. With changing deviation, Fresnel prisms
(aribbed piece of silicone foil that can be applied
to the spectacle lens) can be used (Fig. 6.21).
Fresnel prisms are available at a range from low
to high power, both for horizontal and vertical
diplopia (not for torsional diplopia).

The foil is prescribed for the eye with the low-
est vision and/or the most restricted eye move-
ments. Prism foils will always lead to some
amount of reduced vision due to the line pattern

. "

Fig.6.21 Fresnel prism foil on the right spectacle lens to
correct horizontal diplopia

and hence if applied in front of the eye with the
lowest vision will limit complaints. It is impera-
tive to inform the patient about this. Even when
ocular movement shows an incomitant pattern,
prisms are often well accepted [9]. In theory,
incomitant strabismus would require different
prism strength, depending on the direction of
gaze. The advantage of a Fresnel prism is that
binocular single vision is restored. Once single
vision is achieved, most patients can make use of
their innate fusional strength to maintain this
single vision in most directions. During follow-
up, the strength of the Fresnel prism can be
adjusted, according to the eye position. The prism
can eventually be grinded into the lenses as a per-
manent solution.

If binocular single vision cannot be achieved
by means of prisms, one must be aware of cyclo-
torsion hampering fusion.
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Occlusion

In some unfortunate cases, no acceptable field of
binocular single vision can be gained with prisms
or after strabismus surgery (see explanation
below). Some patients can adjust to this situation
and actively ignore the second image. It may help
if the vision of one eye is reduced. Diplopia can
be very frustrating and extremely debilitating
and, therefore, may lead to the extreme choice of
permanent occlusion. This can be achieved
through the use of an occlusion patch or by means
of fully or partially occluding a spectacle lens
(Fig. 6.22) by means of a matted foil or grinded
lens. If occlusion of a spectacle lens is an unac-
ceptable option for the patient, a painted contact
lens (Fig. 6.23) or even an intraocular occlusion
lens is a more sophisticated solution. Explanation

Fig. 6.22 Occlusion foil on the right spectacle glass

Fig. 6.23 Occlusion contact lens

has to be given that the visual field is significantly
narrowed especially in case of a (intraocular)
lens.

Surgical Treatment

It is important that repeated examinations show a
stable outcome before considering any surgical
treatment to resolve diplopia. However, this
waiting-for-stability period can be extremely
frustrating from the patient’s perspective. Care
professionals should be aware of this and are
urged to address the reason of postponing sur-
gery. The goal of this waiting period is to make
an optimal surgical plan with a more predictable
outcome based upon a stable condition. In gen-
eral, at least two similar orthoptic examinations
over a period of several months are necessary to
decide upon which strabismus surgery is most
suitable. Most authors suggest a period of
6 months of stability, this however depends on
the cause of strabismus, i.e. in case of GO a sta-
ble period of 3 months can be maintained [10].

Treatment of Patients with Graves’
Orbitopathy

One of the hallmarks of GO is swelling and
inflammation of one or more extraocular mus-
cles. This often results in fibrosis and loss of
power of relaxation of the involved muscles.

In GO, the severity of incomitance of ocular
motility results in different treatment strategies.
Recession of the most affected muscle (i.e. rein-
sertion of the tendon of that muscle posterior to
its original insertion) is the preferred choice,
rather than resection (i.e. surgically shortening of
the muscle) of an unaffected muscle. Depending
on the degree of angular deviation, one or two
muscles are recessed. The recession of the mus-
cle will decrease its original function, yet it will
increase the opposite action. For instance, a swol-
len medial rectus muscle leads to an abduction
deficiency. Through recession this muscle’s abil-
ity to abduct will increase, but its opposite func-
tion, adduction, will be diminished and although
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the horizontal duction range remains unchanged,
ocular deviation will have shifted [10]. In all
cases, resection of the muscle has to be avoided,
since this would lower the total duction range and
increase the incomitancy.

In severe cases, in which normal recessions
(maximum of 5 mm) are not sufficient to correct
the large angle of squint, elongation material (such
as fascia lata or Tutopatch® implants) can be used
to obtain the same effect as a recession without
excessive reduction of a muscle’s action [11, 12].

In approximately 70% of the GO patients that
need surgery to correct their diplopia, one surgi-
cal intervention is sufficient to reach a functional
field of binocular single vision [13]. However,
especially in the more complex cases, a mini-
mum of two subsequent sessions of strabismus
surgery is often necessary to achieve a comfort-
able field of binocular single vision, e.g. in pri-
mary gaze, downgaze, and side gaze. The patient
has to be informed that a full field of binocular
single vision cannot be achieved.

We can distinguish a few typical ocular motil-
ity schemes in GO patients:

* GO patients with severe esotropia (esotropia
of 24°) due to extensive fibrosis of both medial
recti muscles: The large esodeviation is due to
enlarged medial rectus muscles with limited
abduction of both eyes. In the ocular motility
screen, one will see the missing secondary
gaze directions due to impaired ductions of

os OD

&
‘\ 3inc

3inc

Fig. 6.24 Amsterdam motility diagram preoperative (a)
and postoperative (b) recession of the medial rectus mus-
cles. Field of binocular single vision before (¢) and after

both eyes (Fig. 6.24; diagram a.). Surgical
plan: Recession of both medial rectus muscles
is the surgery of choice [10]. Diagram 6.24b.
shows the post operative result with signifi-
cant improvement of the field of BSV Fig
6.24c and d.

e GO patients with a large concomitant vertical
deviation (left hypertropia of 25°) due to
extensive fibrosis of the inferior rectus muscle
of the right eye with limited elevation and
fibrosis of the superior rectus muscle of the
left eye with limited depression: There is also
a small esodeviation (Fig. 6.25). Surgical
plan: Recession of the enlarged inferior rectus
of the right eye and the superior rectus of the
left eye. Diagram a of Fig. 6.25 shows the pre-
operative ocular deviation, diagram b shows
the postoperative result.

e GO patients with abnormal head posture (chin
up) due to an incomitant vertical deviation
caused by asymmetric fibrotic inferior rectus
muscles (Fig. 6.26): The left inferior rectus
muscle is more severely affected than the
right. In primary position, the patient has a left
hypotropia of 9° and in downgaze no devia-
tion. This patient perceives single vision in
downgaze. Surgical plan: Asymmetrical infe-
rior rectus muscle recession with more reces-
sion of the vertically lowered eye (left). When
recession of both inferior rectus muscles is
considered, one has to be aware of an increase
of in cyclotorsion [14].

0 exc

(d) strabismus surgery. OS left eye, OD right eye, inc
incyclotorsion, exc excyclotorsion
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Fig. 6.24 (continued)

oD

Fig. 6.25 Amsterdam motility diagram preoperative (a) and postoperative (b) inferior recession of the right eye and
superior recession of the left eye. OS left eye, OD right eye, inc incyclotorsion, exc excyclotorsion

a b
os : oD os oD
I 0 exc
<8 exc
8-exc 0 exc

Fig. 6.26 Amsterdam motility diagram preoperative (a) and postoperative (b) asymmetrical rectus inferior recession
of both eyes. OS left eye, OD right eye, inc incyclotorsion, exc excyclotorsion
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Treatment of Strabismus
and Diplopia in Orbital Fractures

Diplopia treatment of patients with an orbital frac-
ture differs in several ways from patients suffering
from GO. A major cause of diplopia in case of
orbital trauma is edema within the orbit or within
the extraocular muscles. Edema will eventually
disappear. Hence, an initial wait-and-see policy is
highly recommended [15, 16]. While waiting for
spontaneous recovery, as mentioned earlier in this
chapter, ocular eye movement exercises are key.

In case of stable orthoptic measurements, sur-
gery can be considered. However, diplopia treat-
ment has to follow orbital treatment. Any orbital
repair can change ocular mechanics and diplopia,
and this means that after orbital treatment one must
again wait for orthoptic stability before deciding on
further treatment of diplopia [17]. When surgical
treatment is addressed, only a few options are avail-
able. In case of secondary orbital revision, any
improvement of the motility should not be expected
by removing or revising an implant [18]. Also, no
improvement of the ductions is expected when
adhesiolysis of the affected tissue is performed.

Mechanically injured, or even paretic, mus-
cles cannot be repaired. To obtain more concomi-
tant ocular movement and, hence, an improved
field of binocular single vision, the healthy eye is
the one to receive surgical treatment. In general,
the overacting muscle of the other eye is recessed
and/or a posterior fixation suture is placed
10—12 mm behind the insertion of the muscle
(Fig. 6.27). A posterior fixation suture (e.g. Faden
operation) does not affect muscle movement in
primary position, but it limits an overacting mus-
cle in the direction of its maximum action. The

GERE

suture acts as a brake on the action of the healthy
muscle, once the eye moves past the field of
action in which the overaction takes place.

Case Report

A 68-year-old man with a medial wall fracture of
the right orbit after head trauma is presented. He
has no diplopia. As a child, he underwent strabis-
mus surgery of his left eye. Large exotropia and
small hypertropia of the left eye were observed
(Fig. 6.28). The left eye showed impaired adduc-
tion (Table. 6.3). Visual acuity was 1.6 on the right
versus 1.0 on the left, slightly amblyopic eye.
Orthoptic diagnosis is a consecutive (preoperative
esotropia) exotropia with adduction impairment in
the left eye due to strabismus surgery with sup-
pression. The impaired adduction and strabismus
are not related to the orbital wall fracture on the
right side. The patient renounced surgery as he,
because of the lack of diplopia, did not consider
his exotropia to be (cosmetically) disturbing.

Treatment of Strabismus Causes by
Other Orbital Conditions

There are numerous other orbital conditions that
may affect the mechanics of ocular movement or
the ocular deviation in primary position. In gen-
eral, the golden rule in decision making is to
reach orthoptic stability before deciding on surgi-
cal treatment to alleviate diplopia. It is important
to determine the cause of the motility disorder.
Treatment can then be adapted according to the
principles as mentioned in the section on GO if
muscles have become fibrotic. Alternatively,
treatment can be adjusted in a manner as men-

[EE= |

Fig. 6.27 Amsterdam motility diagram before (a) and after (b) posterior fixation suture of the superior rectus of the

right eye
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Fig. 6.28 Patient photographed 1 day (a) and 3 months (b) after trauma showing an alternating exotropia and a limita-
tion of adduction of the left eye

Table 6.3 Ductions of patient shown in Fig. 6.28. OD
right eye, OS left eye

Ductions OD (O]
Abduction 48 48
Adduction 45 32
Elevation 32 37
Depression 54 60

tioned in the example of orbital fracture. There
are numerous types of strabismus surgery that
can improve symmetry in ocular movement, of
which only a few are mentioned in this chapter.

Conclusion

Orthoptic examination is diverse and comprises of
several components. Examination may lead to a
different conclusion regarding the cause of diplo-
pia as would be expected by only external impres-
sion and/or subjective experience of the patient.
Although orthoptic measurement may not be lead-
ing in initial therapeutic decisions, it can be very

useful in case of doubt regarding the cause, type or
even the absence of diplopia in orbital pathology.

One must be aware of the complexity of binocu-
lar single vision and consider possible pre-existing
strabismus, complex cyclodeviations, and mechan-
ical abnormalities as well as neurogenic disruption
of the oculomotor system once ophthalmological
pathologies are eliminated as causative factors.

Orthoptists can play an important supportive
role in case of extensive treatment to alleviate
binocular complaints. Stability of ocular move-
ment can only be captured through orthoptic fol-
low-up. Orthoptic conclusions are eminent in
decision making for strabismus surgery.

In light of all orthoptic measurements and
therapeutic options, whether conservative or sur-
gical, one must always remember that objective
findings may be miles away from subjective com-
plaints. Double vision may be objectified in a
protocolled manner, but it should be emphasized
that each patient is different in mindset and his/
her meaning of life.
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Part IV

Positional Aspects of the Globe
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Ex- and Enophthalmos: General

Aspects
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Learning Objectives

e Exophthalmos and enophthalmos are
cardinal features of orbital pathology.

e The most common cause of both bilat-
eral and unilateral exophthalmos is
Graves’ orbitopathy, whereas an orbital
fracture is the most common cause of
unilateral enophthalmos.

e Exophthalmos and enophthalmos are
clinically assessed with an
exophthalmometer.

Introduction: The (Axial) Globe
Position

The Axial Globe Position (AGP) is defined as the
distance between the apex of the cornea and the
lateral rim of the orbit, and it is measured with an
instrument  called an  exophthalmometer
(Fig. 7.1). One of the first exophthalmometers
was designed by the German ophthalmologist
Ernst Hertel (1870-1943) [1], who became so
famous that the term ‘Hertel value’ has become a
synonym for AGP.

M. P. Mourits (D<)
Amsterdam University Medical Centers, Location
AMC, Amsterdam, The Netherlands
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Fig. 7.1 Measuring AGP with a Hertel exophthalmometer

AGP differs between ethnic groups and
between females and males, but within these
groups it shows a normal distribution. In
Caucasians, AGP varies between 10 and 17 mm
in women and between 10 and 20 mm in men.
African people tend to have a slightly higher,
Asian people a slightly lower AGP. A difference
of up to 2 mm in AGP between both globes is
generally considered normal. Thus, a difference
between both eyes of >2 mm should raise suspi-
cion for a pathological process. Generally, an
AGP less than 10 mm is called enophthalmos;
AGP >20 mm is called exophthalmos.

We measured the AGP in 160 healthy
Caucasian men and women and compared the
results with those of a group of patients with
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Graves’ orbitopathy (GO), and assessed the accu-
racy of the measurements [2]. We concluded that:

1. Exophthalmometry using a Hertel exophthal-
mometer is reliable and reproducible.

2. AGP shows a normal distribution in both
healthy individuals and patients with GO and
is gender dependent.

3. Regression analysis revealed an upper limit of
normalcy of 16 mm in females and 20 mm in
males.

AGP distribution has been determined in differ-
ent ethnic groups [3-6]. AGP can also be
assessed—albeit less accurately—using digital
photography, CT scans, or MRI scans [7].
Conventional exophthalmometers have a number
of disadvantages. To overcome these, we devel-
oped a parallax-free exophthalmometer (Fig. 7.2)
based on the concepts of Davanger [8, 9].

For patients, in whom the lateral wall is miss-
ing, i.e. in orbital fractures or after surgery,
Naugle developed a superior and inferior orbital
rim-based exophthalmometer [ 10]. Exophthalmos
is also called proptosis or (eye)protrusion.
Pseudo-proptosis refers to a situation that seems
to indicate proptosis, which cannot be confirmed
by AGP measurement. This is often seen in
patients with unilateral upper eyelid retraction
(Fig. 7.3). Therefore, AGP should always be
measured.

Besides forward displacement, the globe can
be pushed downward (hypoglobus), upward
(hyperglobus), sideward, or any combination.

Fig. 7.2 Parallax-free exophthalmometer according to
Mourits

Fig. 7.3 Patient with upper lid retraction, but normal
AGP (pseudoproptosis)

Fig.7.4 Patient with deep superior sulcus of the left orbit

Hypoglobus and enophthalmos are typically seen
in orbital floor fractures. A beginning negative
discrepancy between the volume of the orbital
cavity and the volume of the orbital soft tissues
shows by a deep superior sulcus, i.e. the space
between the upper lid and superior orbital margin
(Fig. 7.4).

The direction of globe displacement gives an
indication about the localization of the orbital dis-
ease process. For instance, downward displacement
suggests an orbital floor fracture or a mucocele of
the frontal sinus with a perforated orbital roof,
whereas a medial plus downward displacement is
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indicative for a disease process in the lacrimal gland
fossa. Upward displacement with or without pro-
ptosis can be seen in diseases of the maxillary sinus,
such as shown in Figs. 7.5 and 7.6. Retrobulbar
lesions tend to push the globe in a forward direction
(Fig.7.7), but often cause other symptoms, such as
reduced color vision or a Relative Afferent Pupil
Defect (RAPD) in an early stage of the disease due
to compression of the optic nerve.

For a correct diagnosis of disorders with
exophthalmos and enophthalmos, the following
variables are of cardinal importance:

1. Age.
2. Gender.
3. Onset and duration of the complaints.

Figs. 7.5 Female patient with a cystic lesion of the left
maxillary sinus resulting in orbital floor elevation.
(Courtesy of Dr. P. Gooris)

Fig. 7.6 CT scan of the same patient as shown in
Fig. 7.5 (Courtesy of Dr. P. Gooris)

4. Eyelid and conjunctiva abnormalities: swell-
ing, redness, ptosis, retraction.

Eye motility.

Visual acuity, color vision, pupil reaction
MRI scans and/or CT scans.

Blood tests.

® W

Some phenomena are strongly connected to a
particular disease. Thus, an increase of exoph-
thalmos with the Valsalva maneuver suggests an
orbital varix and enlarged corkscrew epibulbar
vessels are indicative for an arteriovenous
fistula.

Diseases with Exophthalmos

The list of diseases and disorders causing exoph-
thalmos is almost infinite. Here, we will shortly
discuss the most frequent ones. By far, GO heads
the list. It is estimated that >50% of all patients
with proptosis suffer from GO [11]. GO will be
discussed in Part 6.

Orbital Meningioma

Orbital meningioma is a relatively frequent
orbital tumor, with an estimated incidence of
approximately sixty cases per year in the
Netherlands [12]. The most common presenta-
tion is that of an extension into the orbit from an
intracranial meningioma located on the outer
ridge of the sphenoid bone (Figs. 7.7 and 7.8),
hence its name spheno-orbital meningioma
(SOM). SOM typically causes hyperostotic
changes of the sphenoid wing. These changes
result in a reduction of orbital cavity volume and
push the globe forward.

Less frequent are meningiomas that arise from
the meninges (arachnoid mater) surrounding the
optic nerve, the so-called optic nerve sheath
meningioma (ONSM, (Fig. 7.9). Because of their
localization and direct compression of the optic
nerve, they cause visual impairment (reduced
(color) vision, reduction of the visual field,
RAPD) rather than proptosis in the early stages.
Fundoscopy may reveal opticociliary shunt ves-
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Fig. 7.7 Exophthalmos and hyperostosis (arrow) second-
ary to intracranial meningioma (which itself is not visible
on this CTscan)

Fig. 7.8 Gadolinium-enhanced MRIscan showing intra-
cranial meningioma (arrow)

sels, together with swelling or pallor (in a later
stage) of the optic nerve head.

Orbital meningiomas are usually benign, well-
vascularized, slow-growing tumors, that affect—
at least in Caucasians—women more often than
men. They arise from meningothelial cap cells of
the arachnoid villi. They typically become appar-
ent in the fourth to sixth decades. The assumption
that hormonal changes play a role in the etiology
of meningiomas has never been corroborated.
Cranial irradiation, however, is a risk factor for
the development of meningiomas.

Fig. 7.9 Optic nerve sheath meningioma in the right
orbit. Notice the sparing of the optic nerve, a sign that is
called the tram-track phenomenon which is present in
circa 25% of patients with this kind of tumor

The diagnosis of SOM is usually straightfor-
ward using CT scans and gadolinium-enhanced
MRI scans. The diagnosis of ONSM may be
challenging, when no clear tram-track phenome-
non (Fig. 7.9.) is seen. With a sensitivity of 100%
and a specificity of 97% at a threshold uptake
ratio of 5.9, somatostatin receptor scintigraphy is
a useful additional tool in diagnosing ONSM
[13]. The differential diagnosis of ONSM
includes: metastasis, lymphoma, sarcoidosis, and
other inflammatory diseases.

Meningiomas are managed by careful obser-
vation, radiotherapy, or surgery. SOMs with sig-
nificant morbidity can be reduced in size by a
multidisciplinary team consisting of a neurosur-
geon and an orbital surgeon via pterional, fronto-
temporal, or cranio-orbital approaches.

Optic Pathway Glioma (Pilocytic
Astrocytoma)

Optic nerve gliomas or optic pathway gliomas
(OPG; Fig. 7.10) occur along the entire length of
the pre-cortical optic pathways and were usually
considered hamartomas, but are now classified as
pilocytic astrocytoma’s. They arise frequently in
association with neurofibromatosis type 1 and
then have a better visual prognosis than solitary



7 Ex-and Enophthalmos: General Aspects

175

Fig.7.10 TI-weighted MRI scan showing an optic nerve
glioma in a 6-year-old child (arrow)

OPGs [14]. They mostly affect children younger
than 10 years of age and 60% of them will even-
tually have a visual acuity of finger counting or
less. Exophthalmos is present in 95% of patients.
OPGs will rarely progress to the optic chiasm or
the contralateral side. Therefore, observation
alone will often be sufficient. Disfiguring propto-
sis or orbital pain can be a reason for surgical
excision. In advanced cases, chemotherapy with
vincristine and carboplatin is considered treat-
ment of first choice.

Orbital Cavernous Hemangioma
(Orbital Cavernous Venous
Malformation)

Orbital cavernous hemangioma (OCH) is a well-
encapsulated vascular hamartoma with a spongy
structure made up of interconnected vascular
channels filled with blood. Cavernous hemangio-
mas can occur everywhere in the body, but are
relatively frequent in the orbit in adults. They
sometimes do not cause any complaint and are
accidently found in individuals undergoing a
screening total body scan. On CT scans, they
appear as a well-defined, round to oval homoge-
neous mass; on T1-weighted MRI scans they pro-
duce a homogeneous signal iso-intense to muscle.
On T2-weighted scans they are hyperintense to
fat and brain.

We described two presentations (Fig. 7.11):
[1] the apple-shaped anterior/mid-intraconal, and
[2] the pear-shaped apical intraconal type [15].
The former causes a painless exophthalmos and
can be easily ‘delivered’” with some traction of a
cryoprobe via a lateral or anterior orbitotomy, as
it lies freely in the orbit. The apically located
OCH, even if its size is modest, causes reduction
of visual acuity and visual field narrowing in the
early stages of the disease, because of compres-
sion of the optic nerve. A RAPD is usually pres-
ent. The capsule of this type fuses with adjacent
vessels and nerves. Total removal is impeded by
poor visualization, lack of maneuvering space,
excessive bleeding and risk of damaging of the
oculomotor nerves and the ciliary ganglion.
Partial removal with or without bipolar cautery
shrinkage has been suggested as an alternative
procedure, as well as radiotherapy [16, 17].

Orbital Capillary or Infantile
Hemangioma

Capillary or infantile hemangiomas are the most
common benign vascular orbital neoplasms of
childhood, most often located in the superior and
anterior orbit or eyelid, and seen more often in
girls. On CT scans they appear as a well-defined
or infiltrating mass; on T1- and T2-weighted MRI
scans they show a heterogeneous signal, hyperin-
tense to muscle and hypo-intense to fat [18]. They
typically enlarge during the 6th—12th month and
then spontaneously regress until the end of the
seventh year of life, when they often have disap-
peared almost completely. They, therefore, do not
need treatment as long as there are no complica-
tions. If treatment is required, oral propranolol or
topical timolol can be given. Prednisone is also
effective, but can cause significant body growth
retardation, even if given locally.

Orbital Rhabdomyosarcoma
Rhabdomyosarcoma is the most frequent orbital

malignant neoplasm of the orbit in children, with
apeak incidence at the age of 7 years and account-
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Fig.7.11 CT scan and T2-weighted MRI scan showing apple- and pear-shaped orbital cavernous hemangiomas

ing for approximately 4—6 new cases per year in
the Netherlands [19]. It grows so rapidly that it
may mimic an orbital cellulitis or an insect bite
(Fig. 7.12). CT scans show a moderately well-
defined soft tissue mass. On MRI scans, it is a
rather homogeneous irregular mass, more or less

iso-intense to muscle tissue. The prognosis has
improved over the last sixty years with a survival
rate of 30% (after exenteration) around 1960 and
a survival rate of 95%, at present, after treatment
with vincristine and cyclophosphamide, with or
without radiotherapy [20].
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Fig. 7.12 MRI scan of rhabdomyosacoma in the lower
medial quadrant of the right orbit in young female

Fig. 7.13 Dilated epibulbar vessels and proptosis in a
patient with a traumatic caroticocavernous fistula

Arteriovenous Shunts and Fistulas

A direct connection in the carotid-cavernous area
between the arterial and venous systems can
cause a pulsating exophthalmos and enlarged epi-
bulbar ‘corkscrew’ vessels due to a reversal of
blood flow in the orbit (Fig. 7.13). Because of an
elevated outflow resistance, the intraocular pres-
sure increases and the patient may complain of
pain, nausea, and reduced vision. In these ‘high-
flow’ lesions, a pulsating sound (bruit) synchro-
nous to the heart beat may be heard over the orbit
or skull. Arteriovenous (AV) fistulas as a result of
head trauma arise in a few hours to days.

Slowly evolving proptosis as a result of
‘spontaneous’ dural AV fistula is seen in older
patients with vasculopathy (DM, hypertension).
Dural AV fistulas are frequently associated with
a dilated superior ophthalmic vein or with supe-

rior ophthalmic vein thrombosis [21]. The extra-
ocular muscles are often swollen due to
congestion, which may be mistaken for GO. AV
shunts are best shown with arteriography. Up to
50% of them disappears spontaneously. As long
as they exist, ocular hypertension is treated in
the same way as glaucoma. When they do not
close or cause significant complications, emboli-
zation by an interventional radiologist can be
considered.

Orbital Non-Hodgkin Lymphoma

An insidious development of a painless exoph-
thalmos, with a lesion most frequently anteriorly
located in the orbit or on the globe, with little or
no functional interference, is suggestive for an
orbital non-Hodgkin lymphoma NHL [11]. On
the globe it appears as a salmon-colored patch
(Fig. 7.14). Orbital NHL is mostly seen in
patients above 60 years of age, but it is not excep-
tional in younger patients. Orbital NHLs occur
both unilateral and bilateral and compete with
sarcoidosis for the second largest cause of bilat-
eral exophthalmos after GO.

Neither CT scans nor MRI scans are conclu-
sive for the diagnosis of NHL. Therefore, a tissue
biopsy is always required. The next step is
then staging of the disease. Almost 60% of orbital
NHLs belong to the extranodal marginal zone
B-cell lymphomas of the mucosa-associated lym-
phoid tissue (MALT) type [22]. These are usually
relatively benign in nature. Treatment consists of

Fig.7.14 Salmon-colored patch on the globe, suggestive
for a non-Hodgkin lymphoma
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low-dose radiotherapy, monoclonal antibodies
directed to B-lymphocytes (rituximab), or che-
motherapy in disseminated forms.

Lacrimal Fossa Lesions

Lesions in the lacrimal fossa tend to push the
globe forward, downward, and in the medial
direction. In addition, they often cause an
S-shaped swelling of the upper eyelid. The most
frequent lesions in this area are: dacryoadenitis,
lacrimal gland pleiomorphic adenoma, and ade-
nocystic carcinoma, but the lacrimal fossa also
may contain NHLs as well as idiopathic orbital
inflammatory lesions and many other lesions.
The lacrimal gland fossa appears to be a true
Pandora’s box [23-25].

Dacryoadenitis

Dacryoadenitis shows as an enlarged, hyperdense
lacrimal gland with well-demarcated borders on
CT scans. The inflammation can be caused by
bacteria and viruses, but mostly remains idio-
pathic. A trial of broad-spectrum antibiotics is
recommended. Enlargement of the lacrimal gland
is also seen in sarcoidosis.

Pleiomorphic Adenoma

Pleiomorphic adenoma of the lacrimal gland
(Figs. 7.15 and 7.16) is a benign lesion, usually
of the posterior lobe of the lacrimal gland. It
occurs at all ages, but most frequently in adults
around the age of 40 years, slightly more in
males. On scans, it appears as a well-

Fig. 7.15 Adult with a pleiomorphic adenoma of the
right lacrimal gland

Fig. 7.16 Coronal T1 MRI scan of the same patient
showing enlargement of the lacrimal gland

circumscribed round mass in the superolateral
quadrant of the orbit. Pressure on the bony orbit
may cause indentation, while compression on the
globe may cause deformation and choroidal
folds. Complete resection including the capsule
is required, because recurrence or malignant
transformation can otherwise pose significant
therapeutical challenges. Consequently, tissue
biopsy before removal is contraindicated.

Adenoid Cystic Carcinoma

Adenoid cystic carcinoma is a rarely encountered
lesion, despite the fact that it is the most frequent
malignant lacrimal gland tumor. It is feared for
its bad prognosis. It appears most frequently in
the fourth decade. CT scans show bony destruc-
tion as a result of its infiltrative growth pattern
(Fig. 7.17).

Sarcoidosis

Sarcoidosis is a disease of unknown etiology that
may affect multiple organs in the body. In the
orbital region, it is most frequently seen in the
lacrimal gland. Sarcoidosis is commonly seen in
people of African or Scandinavian descent.
Similar to GO and orbital NHL, it may present
with unilateral or bilateral exophthalmos
(Figs. 7.18 and 7.19). Sarcoidosis around the
optic nerve causes visual impairment and may be
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Fig.7.17 CT scan showing bony destruction in a patient
with an adenoid cystic carcinoma of the lacrimal gland

Fig. 7.18 04-year-old patient with bilateral orbital
sarcoidosis

confused with other forms of optic neuritis.
Sarcoidosis can also occur within the globe (uve-
itis). The diagnosis (increased serum levels of
lysozyme and angiotensin-converting enzyme
(ACE), gallium scan, biopsy) can be difficult.
Treatment consists of prednisone.

Orbital Noninfectious Inflammatory
Diseases

To the more common noninfectious inflamma-
tory diseases of the orbit next to sarcoidosis
belong granulomatosis with polyangiitis (GPA;
formerly called Wegener’s granulomatosis), non-
specific idiopathic orbital inflammations (for-
merly called orbital pseudotumor), and IgG4
lesions.

GPA can be a life-threatening disease, affect-
ing many organs including the upper and lower
respiratory tract and the kidneys (glomerulone-
phritis). GPA is characterized by vasculitis, gran-
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Fig. 7.19 TI1 MRIscan of the same patient as shown in
Fig. 7.18, showing an indistinct mass around the globe

Fig. 7.20 Destructive granulomatosis with poly-angiitis
of orbits and nose in a 52-year-old female

ulomatous inflammation, and tissue necrosis. The
course is chronic with exacerbations and remis-
sions. Involved orbits show proptosis and visual
and motility impairment. CT scans show a
destructive mass (Fig. 7.20). High c-ANCA (anti-
neutrophil cytoplasmic antibodies) titers are
highly specific for GPA. Interestingly, gingival
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hyperplasia can be one of the early signs of GPA
[26]. Classical treatment options are (combinations
of) bactrimel, prednisone, azathioprine (Imuran),
and cyclophosphamide (Endoxan). More recent
treatment options are: mycophenolate mofetil
(CellCept), daclizumab, and other monoclonal
antibodies.

Idiopathic Orbital Inflammation

Idiopathic orbital inflammations (IOI) occur
everywhere in the orbit and are relatively com-
mon. By definition, these polymorphous lym-
phoid infiltrates are restricted to the obit only.
Apart from exophthalmos and motility impair-
ment leading to diplopia, they are associated with
(severe) pain (Fig. 7.21).

A special form is orbital myositis (Figs. 7.21
and 7.22), in which not only the involved extra-
ocular muscle(s) is/are enlarged, but in more
than 50% also the muscular insertion tendons.
As such the condition can be distinguished
from GO. Orbital myositis can ‘jump’ from
one muscle to another and also to the contralat-
eral orbit. Except for those with excessive
fibrosis, IOIs usually respond in a few days to
oral prednisone. Response to prednisone, how-
ever, does not prove the existence of an
IOI. Other entities including orbital NHLs may
also improve after steroid treatment. Preferably,
abiopsy is taken prior to treatment. Recalcitrant

Fig.7.21 Young adult with orbital myositis, conjunctival
swelling and severe pain. All symptoms disappeared in
2 days after treatment with 40 mg prednisone

Fig. 7.22 MRI scan of the same patient as shown in
Fig. 7.21 with enlarged medial rectus muscle

forms can be treated with monoclonal antibod-
ies such as rituximab.

Fibrous Dysplasia

Fibrous dysplasia is a nonmalignant, nonheredi-
tary developmental disease which leads to the
formation of abnormally weak, ‘fibrous’ bone. It
is seen in young adults. The disease manifests
itself either as a monostotic form or as a polyos-
totic form and can be related to endocrine and
skin disorders (McCune—Albright syndrome).
Involvement of the frontal bone causes facial
asymmetry and exophthalmos, and may lead to
narrowing of the orbital foramina with compres-
sion of vascular and neural structures that run
through them. CT scans typically show a ‘ground-
glass’ appearance of the lesion. Surgical treat-
ment requires a multidisciplinary approach.

Neurofibromatosis

Neurofibromatosis type I (NF-1) (formerly called
von Recklinghausen disease) is an autosomal
hereditary disease that affects 1 in every 3000
births. In 50% it concerns a new mutation.
So-called café-au-lait spots on the skin are pres-
ent from early childhood. A plexiform neurofi-
broma in the lateral part of an upper eyelid causes
a S-shaped swelling. Other manifestations of
NF-1 are pulsating exophthalmos due to a defect
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in de sphenoid bone and neurofibromas of the
skin and other parts of the body.

Diseases with Enophthalmos
Orbital Fracture

This is the most common cause of enophthalmos.
Orbital fractures are in discussed in Part 5 of this
book.

Orbital Varix

Most orbital varices are congenital distensible
venous anomalies. In rest they show enophthal-
mos. Exophthalmos and an unpleasant sensa-
tion occur when the vessels of the lesion are
filled with blood. This happens, for instance,
when the patient bends forward to tie his/her
shoelaces or during a Valsalva maneuver. These
intermittent swellings of the varix cause atro-
phy of orbital fat tissue and enophthalmos in
rest (Fig. 7.23).

Superficially located varices are seen as dark,
dilated vessels of the eyelid or conjunctiva.
Combinations of superficial and deeper varices
also occur.

Varices are prone to spontaneous bleeding and
thrombosis. Increase in size is a typical phenom-
enon seen in CT scans and MRI scans during the
Valsalva maneuver. Management of orbital vari-
ces is challenging. Fortunately, most of them do
not need treatment.

Fig.7.23 Enophthalmos in a 62-year-old lady with a his-
tory of an orbital varix since her early years

Silent Sinus Syndrome

The silent sinus syndrome or imploding antrum
syndrome (Figs. 7.24 and 7.25) is a condition in
which a chronic negative pressure in the maxil-
lary sinus (due to osteomeatal obstruction) and
subsequent reduction in aeration of the antrum
causes a downward translation of the orbital
floor, together with inward bowing of the medial

Fig. 7.24 Silent sinus syndrome of the right maxillary
sinus. (Courtesy of Dr. P. Gooris)

Fig. 7.25 CT scan of the same patient as shown in
Fig. 7.24. (Courtesy of Dr. P. Gooris)
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and posterolateral walls of the maxillary sinus
[27]. These, in turn, cause enophthalmos and
hypoglobus. Treatment includes restoration of
the normal sinus drainage and reconstruction of
the orbital floor.

Metastasis of Mammary Carcinoma

One would think that a metastasis in the orbit
would always create proptosis due to the space-
occupying nature of the tumor, and in general this
is true. However, a scirrhous metastasis of a tubu-
lar malignancy of the breast is the exception, as it
causes retraction to the globe and impaired motil-
ity and, hence, results in enophthalmos
(Figs. 7.26). We have seen such presentations as
the first sign of mammary carcinoma in women
who had a negative mammography [28]. One
should realize that the sensitivity of mammogra-
phy is not higher than 85%. Ophthalmic symp-
toms are seen in up to 5% of women with
otherwise asymptomatic breast cancer.

Fig. 7.26 Female with right-sided enophthalmos due to
diffuse intraconal metastasis of breast carcinoma
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Case Report 1. Enophthalmos

An otherwise healthy 60-year female patient is
known with a longstanding persisting sinus pathol-
ogy. Thereby, she is dissatisfied about the position
of her right eye, which is in her perception located
downward and backward compared to the oppo-
site site (Figs. 8.1, 8.2, 8.3, 8.4, and 8.5a, b).

Fig. 8.1 Patient with silent sinus syndrome right antrum:
primary gaze
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Fig. 8.2 Patient with silent sinus syndrome right antrum:

adduction

Fig. 8.3 Patient with silent sinus syndrome right antrum:
abduction

Fig. 8.4 Patient with silent sinus syndrome right antrum:
limited upward gaze

Because of the extensive and longstanding maxil-
lary sinus pathology, the patient is well known at
the ENT Department. Based on the CT’s complete
obliteration of the infundibulum in combination
with a complete sloughing of the remaining maxil-
lary sinus the ENT surgeon suggested a negative
sinus pressure which had resulted in a collapse of
the maxillary sinus, obvious enlargement of the
bony orbital volume as a result of downward dis-
placement of the orbital floor with subsequent
hypoglobus and enophthalmos (Figs. 8.6 and 8.7).
Based on these findings, a diagnosis of “silent
sinus syndrome” was made. This maxillary sinus
disease resulted in obvious facial asymmetry.
Clinical examination demonstrated a Hertel of
15/18 mm; also, hypoglobus was confirmed.
Because of the deviated position of the left eye in
a vertical, horizontal, and A-P direction, subse-
quent diplopia had developed, most profound in
extreme upward gaze. Treatment proposal con-
sisted of a combined ENT & Maxillofacial Surgery
approach to correct the negative pressure by a
wide infundibulotomy and aeration of the sinus.
After the ENT procedure was carried out, aeration
of the sinus was established; however, no reposi-
tioning of the orbital floor occurred, most likely
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Fig. 8.5 (a) Patient with silent sinus syndrome right antrum: lateral view OD. (b) Patient with silent sinus syndrome

right antrum: lateral view OS

Fig. 8.6 Patient with silent sinus syndrome right antrum:
enlarged orbital volume OD, obliteration infundibulum:
CT scan: coronal view

due to the already longstanding sinus pathology
present. In fact, there was no spontaneous visible
effect on the abnormal position of the eye.

Contemplation

As the silent sinus syndrome was present for a
long period of time with a significant dislocation
of the globe, fibrosis of orbital soft tissue may
have occurred. In our opinion, caution is advised

Fig. 8.7 Patient with silent sinus syndrome right antrum:
CT scan: sagittal view

not to put too much (acute) tension on the apical
orbital soft tissue, i.e., the optic nerve when repo-
sitioning the globe as this may cause unfortunate
side effects on the neural or neurovascular tissue.
We have had a few cases with temporary or per-
sisting loss of vision when repositioning the
globe to its former position. In this case, the
patient preferred to wait and postpone the surgi-
cal repositioning of the globe because of the risks
involved of worsening of double vision and/or
potential blindness.
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Case Report 2. Mild Hyperglobus

This 70-year-old female patient presented with
signs and symptoms of recurrent sinusitis and a
slowly progressive swelling of the left side of the
face.

Clinical examination (Figs. 8.8, 8.9, 8.10, and
8.11) showed a diffuse swelling of the left side of
the face including the adjacent lower eyelid; an
intact function of NV and NVII was confirmed.
There was no diplopia. Hertel measured

Fig. 8.8 Patient with keratocyst in left antrum: primary
gaze, mild hyperglobus OS

Fig. 8.9 Patient with keratocyst in left antrum: lateral
view OD

Fig. 8.10 Patient with keratocyst in left antrum: lateral
view OS, no exophthalmos present

Fig. 8.11 Patient with keratocyst in left antrum: upward
gaze, no limitation

15/15 mm. A mild hyperglobus OS was present.
Vision was not abnormal.

Intraoral examination showed an elapsed,
swollen maxillary vestibule including fluctuation
on palpation.

The radiological exam exhibited an extensive
cyst-type lesion encompassing the whole left
maxillary sinus including orbital floor elevation
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Fig. 8.12 Patient with keratocyst in left antrum: preoperative CT scan: large cystic process with destruction anterior
and lateral wall maxilla; elevation orbital floor: corresponding axial, coronal and sagittal view

Fig. 8.13 (a) Patient with keratocyst in left antrum: pre-
operative CT scan: large cystic lesion maxilla, destruction
lateral wall maxilla, orbital floor elevation; coronal view.
(b) Patient with keratocyst in left antrum: preoperative CT

which resulted in a decrease of the bony orbital
volume (Figs. 8.12 and 8.13a, b). On the CT scan,
sinus dehiscence due to extensive bony erosion of
the anterior and lateral sinus wall as well as par-
tial obliteration of the nasal pathway is diagnosed
(Figs. 8.12 and 8.13a). A biopsy was taken: the

scan: Large expanding cystic lesion maxilla with destruc-
tion anterior boundary, orbital floor elevation: sagittal
view

diagnosis expanding keratocyst in maxillary
sinus with orbital floor elevation as a result of the
expanding character of the growing cyst.
Treatment consisted of wide exploration via
an intraoral route leaving drains in situ to allow
for long-term drainage and carry out thorough
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Fig. 8.14 Patient with keratocyst in left antrum: postop-
erative CT scan: persistent cloudy sinus aspect, persistent
orbital floor elevation; normalization nasal pathway: coro-
nal view

rinsing of the maxillary cavity. Although the ker-
atocyst treatment was successful so far, cyst
excochleation did not result in normalization of
the sinus configuration nor of the orbital floor
position (Fig. 8.14).

Contemplation

It was interesting to note that, despite the exten-
sive orbital floor elevation and subsequent reduc-
tion of orbital bony volume, no proptosis/
exophthalmos developed. Apparently, there is
sufficient intrinsic capacity of adaptation of
orbital soft tissue to cope with slowly progressive
bony orbital volume decrease so to minimize
exophthalmos to occur. Only a slight hyperglobus
was diagnosed. Ultimately, globe displacement
was less than one would expect on the basis of
orbital bony volume change, i.e., reduction.

Case Report 3. Exophthalmos

A 22-year-old ASA 1 female patient presented to
the Oral and Maxillofacial Clinic with complaints
of a slowly progressive swelling of the upper jaw

Fig.8.15 Patient with follicular cyst in right antrum: pri-
mary gaze; exophthalmos OD

vestibule on the right side. There was no history
of tooth complaints. No recent dental treatment.
She also mentioned associated complaints of pro-
gressive impairment of air passage through the
right side of the nose.

There was no double vision.

Clinical examination showed a very mild buc-
cal swelling of the right side of the face.
Asymmetry in globe position, Hertel 19/17
(Fig. 8.15). No diplopia present. Nasal examina-
tion showed a deviation of the right lateral nasal
wall medially, obliterating the nasal pathway.

Intraoral examination showed a well-
maintained “complete” dentition. There was a
swollen upper right vestibule, tendency to fluc-
tuation as if the lateral maxillary bony boundary
was vanished.

Radiological exam: a CT-scan was obtained:
findings: large cyst-type lesion almost completely
obliterating the maxillary sinus on the right side
including an impacted third maxillary molar
which was located high in the cyst in proximity to
the orbital floor. There is associated orbital floor
elevation (Figs. 8.16 and 8.17). Also, the cyst is
expanding medially into the nasal cavity, hereby
reducing the nasal passage on the ipsilateral side.

Diagnosis “expanding large follicular cyst
related to right-sided impacted third maxillary
molar.” Associated findings were apparent orbital
floor elevation and reduction of nasal passage due
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to the expanding character of the cyst. Treatment
consisted of cyst excochleation and third molar
removal via an intraoral approach. The surgical
intervention and early follow-up was uneventful.

Two years follow-up showed that there was a
good recovery of right-sided airway passage.
There was no change in the slight exophthalmos
on the affected right side although the orbital
floor returned nearly completely to its original
position as shown on the postoperative CT scan
(Fig. 8.18).

Despite the persistent slight disfiguring eye
asymmetry, the patient was satisfied with the end
result. There were no complaints of double

Fig.8.16 Patient with follicular cyst in right antrum: pre-
operative CT scan: High positioned impacted third maxil-
lary molar: coronal view

vision; diplopia was not diagnosed. Minimal
asymmetry in Hertel was diagnosed, 19/17 as
was diagnosed prior to the cyst development and
according to the patient had been present over
many years already. As such, there was no desire
on the part of the patient to have the existing
asymmetry corrected. More so, since orbital floor
reconstruction may result in diplopia, refractory
to correct.

Fig.8.17 Patient with follicular cyst in right antrum: pre-
operative CT scan: High impacted maxillary third molar,
close to orbital floor: sagittal view

Fig. 8.18 Patient with follicular cyst in right antrum: postoperative CT scan: return of orbital floor to its original posi-
tion: coronal and associated sagittal view
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Contemplation

In this patient, despite the reduction of the bony
orbital volume, especially in the apical area, no
proptosis/exophthalmos  developed;  double
vision was not reported. This is another example
that apparently, orbital soft tissue is capable of
adaptation to slowly progressive changes in its
surrounding bony volume.

After successful surgical treatment, a nearly
complete normalization of the orbital floor to its
original position occurred.

Case Report 4. Exophthalmos

An otherwise healthy 10-year-old boy presents to
our clinic with mild complaints of a slowly pro-
gressing swelling of the left side of the face.
There is no associated pain, no tooth-ache in the
history. No recent dental treatment. No history of
recent trauma. The patient does not complain
about eye-related problems.

Extraoral physical examination shows a mild-
moderately firm buccal swelling of the left side
of the face, no fluctuation, there is no tenderness.
The function NV and NVII is intact. Normal
vision, no diplopia; however, a slight exoforia
OS. Hertel 18/18, no exophthalmos present
(Figs. 8.19, 8.20, 8.21, and 8.22).

Intraoral examination showed a well-
maintained mixed dentition; firm maxillary ves-
tibular swelling on the left side (Fig. 8.23). No
fistula, no fluctuation. In the radiological exami-
nation, the orthopantomogram revealed a down-
ward oblique displacement of both bicuspids in
the second quadrant as well as an associated cys-
tic type lesion of the left side maxilla (Fig. 8.24).

The additional obtained CT-scan showed an
“impacted” second bicuspid in the left side of the
maxilla; also a large well-delineated cystic lesion
on the left side of the maxilla with almost com-
plete obliteration of the adjacent maxillary sinus
and impressive orbital floor elevation OS. This in
combination with obliteration of the ipsilateral
infundibulum nasi (Figs. 8.25, 8.26, and 8.27).

Diagnosis: “infectious cystic lesion related to
impacted bicuspid.”

Fig. 8.19 Patient with infectious follicular cyst left
antrum: primary gaze

Fig. 8.20 Patient with infectious follicular cyst left
antrum: cranial view

Treatment consisted of cyst excochleation and
removal of the suspected bicuspid via an intraoral
vestibular approach. A limited infundibulotomy
was carried out by our ENT colleagues. The
follow-up showed an uneventful recovery.
Postoperative radiological examination showed a
more upright position of the first maxillary left
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Fig. 8.23 Patient with infectious follicular cyst left
antrum: intraoral vestibulum, left upper side

Fig. 8.21 Patient with infectious follicular cyst left
antrum: left lateral view

Fig. 8.24 Patient with infectious follicular cyst left
antrum: horizontally impacted left maxillary bicuspid:
preoperative orthopantomogram

Fig. 8.22 Patient with infectious follicular cyst left
antrum: right lateral view

bicuspid and normalization of the orbital floor
position and recovery of the maxillary sinus vol-
ume; in addition, reactive bone apposition is seen

. . . Fig. 8.25 Patient with infectious follicular cyst left
in the antral floor and caudal in the medial and  pprum: preoperative CT scan: large cyst left maxillary

lateral wall of the maxillary sinus (Figs. 8.28, sinus including orbital floor elevation OS: coronal view
8.29, and 8.30).



194

Fig. 8.26 Patient with infectious follicular cyst left
antrum: preoperative CT scan: large cyst left maxillary
sinus including orbital floor elevation: sagittal view

Fig. 8.27 Patient with infectious follicular cyst left
antrum: preoperative CT scan: large left maxillary cyst
expanding anteriorly: axial view

P.J. ). Gooris et al.

Fig. 8.28 Patient with infectious follicular cyst left
antrum: normalization upright position first left maxillary
bicuspid: postoperative orthopantomogram

Fig. 8.29 Patient with infectious follicular cyst left
antrum: postoperative CT scan: left orbital floor returned
to its original position; bone apposition left maxillary
sinus walls and floor: coronal view

Fig. 8.30 Patient with infectious follicular cyst left
antrum: postoperative CT scan: left orbital floor returned
to its original position: sagittal view
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Contemplation

A large cystic lesion within the maxillary sinus
resulted in an impressive elevation of the adja-
cent orbital floor (Figs. 8.24 and 8.25). However,
this narrowing of the orbital bony volume did not
result in an outward displacement, proptosis/
exophthalmos of the globe. We assume that,
because of the slowly progressing pathologic
process, the soft tissue of the orbit adapts to its
new changing volume, a physiological response
to a pathological change.

Also, the orbital floor, which was displaced
cranially by the expanding cystic lesion, returned
to its pre-pathologic, symmetric position after
excochleation of the maxillary cyst with the cor-
responding adaptive orbital soft tissue changes:
no positional changes of the globe were diag-
nosed during the entire pathologic process, treat-

ment, and post treatment period (Figs. 8.28 and
8.29). We assume, especially in younger chil-
dren, adaptive changes are capable to adequately
cope with volume changes: patient did not report
double vision, no exophthalmos did occur.

Annotation

It is interesting to note that, when comparing the
radiographic changes in orbital floor position
before and after the treatment of the cystic lesion
in the maxillary sinus that in the elderly patients
the abnormal, displaced position of the orbital
floor did not return to its original position while
in the younger patient, there is an almost com-
plete return to symmetrical orbital floor position.
As can be expected, the younger patients have a
higher degree of intrinsic recovery capacity.
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motility disturbance, and binocular sin-
gle vision (BSV).

e The role of CT imaging and the possi-
bilities of advanced diagnostics in
orbital fractures.

* The controversies in clinical decision-
making and management of orbital
fractures.

* The important aspects of a clinical pro-
tocol for orbital fractures.

Introduction

Orbital fractures can be challenging in many
aspects. The comminution of the orbital walls
can result in the herniation of both adipose and
muscle tissue into the adjacent sinuses. This
could also affect the periorbita and its function as
a suspension system. Initially, the actual damage
is difficult to assess due to swelling, contusion of
muscles, and the possible presence of a hema-
toma. This soft tissue trauma may mask the
underlying skeletal damage. The indication for
orbital reconstruction can be assessed if the right
diagnostics are deployed at the right time.

The treatment of orbital fractures varies con-
siderably between specialities and countries. The
scientific fundament for surgical indications is
weak, as prospective studies based on a clinical
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protocol are scarcely available [1-3]. Diplopia is
often an indication for orbital reconstruction
without clearly defining the nature of the diplopia
or motility disorder. Fracture size, another indi-
cation for surgery, is difficult to quantify and
does not have a high correlation with persistent
sequelae [4-7].

In many hospitals, the incidence of solitary
orbital floor or medial wall fractures is relatively
low, and experience of the individual surgeon is
limited. The indication for surgery is partially
based on expert opinion as clear guidelines are
lacking. With the help of a good and clear clinical
protocol, there will be more uniformity concern-
ing the treatment. Since various anatomical and
functional systems are affected after a fracture of
the orbit, several disciplines (oral and maxillofa-
cial (OMF) surgeon, ophthalmologist, orthoptist,
and radiologist) are involved [8]. Each specialist
is essential for their field of expertise, and this
makes the management of orbital fractures a mul-
tidisciplinary matter.

Anatomy

The orbital cavity is composed of seven bones
(frontal, lacrimal, ethmoid, zygomatic, maxillary,
palatine, and sphenoid) that form a conical shape.
The orbital floor and medial wall are relatively
thin and are frequently the first to fracture. The
orbital soft tissue is composed of the globe and
adipose, connective, and muscle tissue. The globe
receives support and protection from the adipose
and connective tissue. The inferior, superior,
medial, and lateral rectus muscles, together with
the superior and inferior oblique muscles, move
the globe [9, 10].

The connective tissue is a complex framework
and can be seen as a suspension system that is
important for functioning of the globe. The
framework consists of septa, fascia sheets, and
ligaments that contain smooth muscle cells. The
ligaments support the orbit and hold the soft tis-
sue in position [11]. An example of such a liga-
ment is Lockwood’s ligament. This ligament can
stabilise the globe in a vertical position and pro-

vide support to the inferior rectus and oblique
muscles. Other structures such as the lacrimal
system are also important but are usually not
affected by an orbital fracture.

Etiology and Pathophysiology

The etiology of orbital fractures is determined by
geographic and socioeconomic aspects [12]. The
leading causes are interpersonal violence, traffic
accidents, and sports. In the younger population,
the fractures are mainly caused by interpersonal
violence and sports. In the older age groups, they
are primarily caused by traffic accidents and
falls.

There are two biomechanical models that
explain the occurrence of an orbital fracture: the
hydraulic and the buckling theory [13, 14]. In the
hydraulic theory, the force is directed to the soft
tissue of the orbital cavity, increasing the infraor-
bital pressure. The increased pressure causes the
weakest part of the orbital cavity to fracture. The
soft tissue is actually pushed through the orbital
floor or medial wall. In the buckling theory, the
force is directed towards the bone. The strong
infraorbital rim does not necessarily fracture, but
it transfers the energy to the posterior thin orbital
floor, resulting in a fracture. The cause of the
fracture may be a combination of both biome-
chanical principles in most cases.

A distinction must be made between blow-out
and trapdoor fractures.

Trapdoor fractures are relatively rare. A part
of the orbital content is trapped between the frac-
tured orbital wall in these fractures (Fig. 9.1).
This can both be muscle (seldom) or orbital fat
with its many septa. Trapdoor fractures occur
when the orbital wall is resilient, as is usually the
case in children. The pressure wave fractures the
bone and the orbital soft tissue bulges into the
adjacent sinus. After the pressure drops, the elas-
tic bone bounces back trapping the soft tissue
[15]. If an ocular muscle is trapped, there is an
indication for immediate surgical intervention,
and, in most cases, it is sufficient to free the
entrapped tissue. In children, fibrosis and necro-
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Fig.9.1 (a) Trapdoor fracture; (b) CT scan coronal view left orbital floor trapdoor fracture; (c) clinical example limited

elevation right globe

Fig.9.2 (a) Blow-out fracture; (b) CT scan coronal view left orbital blow-out fracture; (¢) clinical example enophthal-

mos left globe

sis of the rectus muscles can occur quickly.
Entrapment of periorbital tissue can also trigger
an oculocardiac reflex in addition to pain.

The majority of the orbital fractures are blow-
out fractures (Fig. 9.2). The increased orbital
pressure results in the shattering of one or more
orbital walls. The loss of support from the vulner-
able floor or medial wall increases orbital volume
and can result in protrusion of orbital content into
the adjacent sinuses. This can cause displacement
of the globe (vertical = hypoglobus; horizon-

tal = enophthalmos) and could result in a dis-
turbed ocular motility. Traditionally, a distinction
between pure and impure blow-out fractures has
been made in the literature. An impure blow-out
fracture is caused by concomitant injury of the
surrounding bony structures, e.g., the zygomatic
complex (ZMC), naso-orbital-ethmoid (NOE)
complex or maxillary (Le Fort II/III) fractures. In
these combined injuries, the incidence of enoph-
thalmos and hypoglobus is higher through the
involvement of an additional orbital wall (lateral
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Fig. 9.3 (a) Hypoglobus; (b) clinical example and CT scan

wall in the case of ZMC fractures) or loss of ante-
rior globe support due to dislocation of the infra-
orbital rim (Fig. 9.3). A sudden change in the
vertical or horizontal position of the globe will
result in diplopia in most cases. Although this is a
logical consequence, the oculomotor function
and degree of diplopia cannot always be directly
correlated to the severity of the injury. This adds
an extra dimension to the complexity in clinical
decision-making, as the direct damage to the
periorbital soft tissue caused by the trauma is dif-
ficult to assess directly after the trauma [16].

Clinical Presentation

Orbital fractures can be the result of relatively
low-impact blunt trauma or a high-energy trauma
(HET). Presentation and workup can be different
in both categories of trauma patients. The first
category will present itself at the general practi-
tioner or the emergency department and the sec-
ond category in the shock room. Patients brought
in after a HET may be unconscious and intubated,

making clinical examination more difficult.
However, these patients routinely receive a
whole-body CT scan, which helps to establish the
diagnosis. In these severely injured patients, the
risk of vision-threatening emergencies rises.
These compromising injuries, e.g., a retrobulbar
hematoma, globe perforations or oculocardiac
reflex, will be discussed in Chap. 13.

Diagnosing an orbital fracture without imag-
ing can be challenging, as the clinical presenta-
tion varies considerably. However, a numb upper
lip is highly suspicious for a trauma of the ipsilat-
eral inferior orbital nerve as a consequence of an
orbital floor fracture. In addition to the diplopia,
motility disturbance, enophthalmos, and hypo-
globus, as mentioned earlier, other clinical symp-
toms are disturbed vision, pain, hyposphagma,
periorbital swelling, hematoma, ecchymosis, and
infraorbital nerve paresthesia. During inspection
and palpation, an asymmetrical osseous projec-
tion may be caused by a zygomatic or Le Fort II/
IIT fracture. The pupil reflex should be tested with
a penlight exam together with a global assess-
ment of vision, eye motility, and diplopia.
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Fig. 9.4 Hertel exophthalmometer in use

Attention should also be paid to signs of retrobul-
bar hematoma such as proptosis, tense tissue, and
severe pain [17]. Enophthalmos can be objecti-
fied by clinical examination in bird or submental
view or with the help of Hertel exophthalmome-
ter (Fig. 9.4) [18]. Swelling and potential con-
comitant facial fractures complicate the
quantification of enophthalmos. The globe is less
visible with swelling of the eyelids and the sur-
rounding tissue. This creates an optical illusion
that gives the appearance of an enophthalmos. A
Naugle exophthalmometer is an alternative for
the Hertel exophthalmometer in case of concomi-
tant injuries.

A multidisciplinary approach is vital in the
good clinical management of orbital wall frac-
tures. In general, the OMF surgeon is involved
in all patients with facial injuries. During office
hours, referral to an orthoptist is recommended
to quantify the amount of diplopia and motility
disturbance. If required, an ophthalmologist
should be consulted for a more extensive
assessment of the globe (vision, globe pressure,
etc.). Outside office hours, it is advisable to
have the ophthalmologist assess the trauma and
send the patient to the orthoptist the next work-
ing day.

Orthoptic Examination

The orthoptic examination is perhaps the most
essential guide in clinical decision-making in

orbital fractures. Diplopia and motility distur-
bance are objectively measured and analysed.
Using a motility perimeter, the ductions and the
field of binocular single vision (BSV) can be
measured (Fig. 9.5) [19]. Average maximum
ductions are 40° elevation, 60° depression, and
50° abduction and adduction. With a Hess
screen test, it is also possible to measure the
deviation and the amount of overaction and
underaction of the extraocular muscles. The
measurements performed at the first presenta-
tion serve as a baseline and possible improve-
ment may be assessed over time. If the values
improve significantly in the first 2 weeks after
the trauma, the restrictions were probably due to
swelling or contusion. If the restrictions persist,
an orbital reconstruction may be necessary. A
poor BSV at first presentation correlates with
persistent sequelae and incomplete recovery.
This will be discussed in more detail later in the
clinical protocol The orthoptic examination is
perhaps the most essential guide in clinical deci-
sion-making in orbital fractures. Diplopia and
motility disturbance are objectively measured
and analysed. Using a motility perimeter, the
ductions and the field of binocular single vision
(BSV) can be measured (Fig. 9.5) [19]. Average
maximum ductions are 40° elevation, 60°
depression, and 50° abduction and adduction.
With a Hess screen test, it is also possible to
measure the deviation and the amount of over-
action and underaction of the extraocular mus-
cles. The measurements performed at the first
presentation serve as a baseline and possible
improvement may be assessed over time. If the
values improve significantly in the first 2 weeks
after the trauma, the restrictions were probably
due to swelling or contusion. If the restrictions
persist, an orbital reconstruction may be neces-
sary. A poor BSV at first presentation correlates
with persistent sequelae and incomplete recov-
ery. This will be discussed in more detail later in
the clinical protocol subsection. The orthoptic
examination requires a certain degree of mobil-
ity and cooperation that is not always present in
trauma patients. Detailed information about the
orthoptic examination can be found in Chap. 6.
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Fig. 9.5 (a) Motility perimeter; (b) binocular single vision (BSV) score chart

Imaging

In case of an orbital fracture, it is advisable to
perform a CT scan (orbital series or complete
skull if more facial injuries are suspected 1-mil-
limetre (mm) slices). The size and location of the
orbital floor fracture can be best examined in
coronal and sagittal view and the medial wall in
axial view. Possible entrapment or impingement
of soft tissue, a retrobulbar hematoma, emphy-
sema, or stretching of the optic nerve can be
observed in soft tissue setting (Fig. 9.6). Based
on a CT scan, advanced diagnostics can be per-
formed, a surgical plan can be created, and the
scan, can be used during computer-assisted sur-
gery. For these reasons, it is crucial to think ahead
about using the proper scan protocol. A Cone
Beam CT (CBCT) scan is less appropriate when
assessing an orbital fracture. Nevertheless, an
intraoperative CBCT scan is ideal for evaluating
the orbital implant location in real-time. The clin-
ical decision-making for orbital wall fractures is
conducted based on clinical characteristics, both
subjective and objective measurements, and CT
imaging. In addition to conventional diagnostics,
it is also possible to use advanced diagnostics
based on a CT scan.

Advanced Diagnostics

Advanced diagnostics can be used to support
clinical decision-making. The aim of advanced
diagnostics is to extract as much information as
possible from the DICOM data and add informa-
tion if necessary. The CT scan may be viewed as
a virtual representation of the patient, subdivided
into voxels (three-dimensional pixels). Each
voxel has a particular grayscale value corre-
sponding to the X-ray absorption within the vox-
el’s volume. Image viewers allow assessment of
the image data in the multiplanar view (two-
dimensional axial, coronal, and sagittal slices).
Visual comparison between affected and unaf-
fected orbit is feasible, but more sophisticated
analysis options only become available if
specialised software that allows image manipula-
tion is used (e.g., iPlan Cranial (Brainlab AG,
Munich, Germany)).

The workhorse for advanced diagnostics is the
segmentation: partitioning the image data in voxels
that belong to the same anatomical structure [20].
The easiest segmentation method is thresholding.
The user chooses a cut-off HU value; voxels above
the threshold are included in the selection, and vox-
els below are excluded. The selection of bony
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Fig. 9.6 Soft tissue setting of CT scan with (a) swelling; (b) hematoma formation of the extra ocular muscles; (c)

emphysema axial view; (d) emphysema coronal view

structures within the image data is an example of
thresholding. The orbital walls are more difficult to
annotate in the image data: the thin bony structures
are frequently not completely included in thresh-
olding operations. More sophisticated segmenta-
tion approaches are required to fill the gap.
Atlas-based segmentation is an example of a seg-
mentation method that can provide an accurate seg-
mentation of the orbit and orbital contents [21-23].
Since segmentation occupies a central position in
advanced diagnostics (and subsequent virtual sur-
gical planning), continuous research on even more
effective segmentation strategies with minimal user

input is performed. Artificial intelligence (Al) is a
promising technique that meets these desires and
may become available soon.

The segmentation itself is a clarification of the
image data, but it does not add new information.
The information in the patient model can be
expanded by creating a 3D model from the voxel
selection; these models can subsequently be
manipulated. In unilateral orbital fractures, the
unaffected orbit’s segmented model may be mir-
rored (Fig. 9.7) and overlaid on the affected orbit
in the multiplanar views. The mirrored model
now provides a blueprint for the pretraumatised
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Fig. 9.8 Mirrored orbit visualised in multiplanar views

anatomy of the affected side [21, 24-26].
Comparison between affected and unaffected
orbit is much more straightforward than side-to-
side visualisation and not affected by angulation
of the slice (Fig. 9.8). A more thorough insight
into the fracture’s location and extent is obtained.
A separate segmentation of the orbital contents
could quantify the increase of intraorbital volume
due to the trauma. Attaching segmentations of
surrounding structures to the orbital segmenta-
tion model is another manipulation possibility
(Fig. 9.9). In the example of a zygomatic com-
plex fracture, the combined model of the orbit,
and zygoma provides additional information on
displacement of the zygoma (Fig. 9.10). This
additional information could affect surgical indi-
cation and treatment of the orbit.

The most considerable benefits of advanced
diagnostics are improved visualisation of the
problem and enhanced analysis methods for
objective quantification. With advanced diagnos-
tics, the surgeon can be sure that the treatment

decision is supported by all the information pres-
ent in the image data. If surgery is indicated,
advanced diagnostics are the precursors of virtual
surgical planning in the computer-assisted sur-
gery workflow. Much information gathered in the
advanced diagnostics can be reused in the virtual
surgical planning process. The mirrored orbit pro-
vides the target anatomy, which is helpful in posi-
tioning a virtual implant. Surface models of the
orbit, orbital contents, and bony anatomy sur-
rounding the orbit serve as the input for the design
of a patient-specific implant. In contrast, the mir-
rored model of the zygomatic bone already acts as
the planning for repositioning of the zygomatic
bone. A detailed description of the virtual surgical
planning process is provided in Chap. 10.

Clinical Decision-Making

Several specialities are involved in the treatment of
orbital fractures, including OMF surgery, ophthal-
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Fig.9.10 Mirrored orbit + bone model in multiplanar views

mology and, less so, plastic surgery and ear, nose,
and throat surgery. In recent decades, there has
been a clear trend in the management of orbital
fractures, alternating between conservative and
surgical treatment preferences. The development
of new treatment modalities and types of implants
has led to an increase in surgical treatment in the
past [27, 28]. Nevertheless, the body’s regenera-
tive capacity seems to be significant in orbital frac-
tures, so that surgery is often not required [6].
One of the main topics in the ongoing debate
on the management of orbital fractures is the
indication for surgery. Most surgeons are apt to
repair and reconstruct traumatic injuries of the
bony orbit. Evidently, there are some clear and
immediate indications for surgery, such as vision-
threatening emergencies, significant globe dis-
placement (globe in maxillary sinus), pediatric
trapdoor fractures, trapdoor fractures with clear
muscle entrapment, or a persistent oculocardiac
reflex. Permanent damage to the orbital soft tis-
sue will probably occur without early interven-
tion in these cases. Other indications for orbital

reconstruction are all relative [29]. For most cli-
nicians, it is clear that small asymptomatic orbital
wall fractures do not need surgery and larger
fractures with early enophthalmos do require an
orbital reconstruction. In either case, the lack or
presence of clinical symptoms (diplopia or
enophthalmos) determine the indication for sur-
gery. True controversy arises in large orbital wall
defects without early enophthalmos. Some clini-
cians will perform surgery to anticipate on
expected enophthalmos, although it is uncertain
if this will occur. It is the other way around with
regard to diplopia, which can resolve spontane-
ously after the swelling disappears. As there are
no clear predictors for enophthalmos or cut-off
points for the recovery of diplopia, this discus-
sion will continue. For most surgeons, there is an
indication for surgery if the defect size is large
(>2 cm? or >50% of surface measured on a CT
scan) or if diplopia is severe or persistent [3, 30].
Interestingly, the size of the fracture does not
necessarily correlate to late enophthalmos and
the persistence of diplopia (Fig. 9.11). The litera-
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Fig. 9.11 (a) Large comminuted fracture without (b) early enophthalmos and (¢) no late enophthalmos or persistent
diplopia 6 months after nonsurgical treatment

ture also demonstrates that it is difficult to mea-
sure or estimate the defect size, so it seems
illogical to base the indication for surgery on the
CT scan. Treatment choices can be made more
effectively based on clinical symptoms that are
present at the time, not what is expected based on
the size of the fracture.

The aforementioned considerations are even
more complex with diplopia, as there is a great
variability in the extent and cause of diplopia
and motility restrictions. These are not only

caused by entrapment of the inferior rectus mus-
cle or surrounding soft tissue, but also by mus-
cle edema, hemorrhage, and motor nerve palsy.
These are conditions that cannot be treated with
an orbital reconstruction. In time, some of these
deficits may resolve spontaneously. Edema will
resolve within several days to weeks, but hem-
orrhage, fibrosis, and motor nerve palsy can
take up to 12 months to recover. The dilemma in
clinical decision-making occurs when enoph-
thalmos is minimal or absent, motility has
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improved, but significant diplopia persists.
Diplopia is too complex and multifactorial to
rely on subjective observations shortly after
trauma. For that reason, multiple studies stress
the importance of quantitative evaluation of
ocular motility and diplopia [6, 7]. Quantification
by a Hess screen test or interpretation of duc-
tions and the field assessment of binocular sin-
gle vision (BSV) can be extremely helpful in
decision-making. Using these measurements,
the improvement of ocular motility and diplopia
can be objectified over weeks or even months
after trauma. In severe diplopia (BSV <60),
orbital reconstruction has a significant effect on
the outcome [7].

The effect of surgery on the amount of diplo-
pia appears to be limited in mild diplopia (BSV
60-80). In limited diplopia (BSV >80), orbital
reconstruction may even worsen the clinical out-
come. This stresses the relevance of standard
orthoptic evaluation in the workup and decision-
making process.

Another critical factor in the decision-making
process is the potential adverse effect of delay if
the watchful waiting strategy is used. On the one
hand, there will be no overtreatment as the diplo-
pia can recover spontaneously over time. On the
other hand, there is an assumption that early sur-
gery (<2 weeks) has a better outcome and causes
less iatrogenic damage. Nonetheless, there is no
solid evidence that delayed surgery has a worse
outcome than early intervention [2]. Taking the
time for evaluation is, for that reason, recom-
mended in all relative indications.

Clinical Protocol

The clinical protocol presented and suggested
here was developed at the Amsterdam UMC [6].
The protocol was part of the Advanced Concept
on Orbital Reconstruction (ACOR) research pro-
gram and had an extensive scientific fundament
[27]. The protocol gives the clinician tools for
clinical decision-making and contains a flow
chart in which nonsurgical and surgical patients
are monitored. At each visit, the decision can be

Table 9.1 Indications for orbital reconstruction

Immediate surgery (<24 h)
« Significant globe dislocation
e Pediatric trapdoor fracture
¢ Persistent oculocardiac reflex
Early surgery (<2 weeks)
 Early enophthalmos (>2 mm) or
* Absolute elevation restriction (<15°) or
¢ Absolute abduction restriction (<25°)
Delayed surgery (>2 weeks)
¢ Late enophthalmos (>2 mm) or
* Ductions <8° improvement of most limited
duction 2 weeks after trauma or
* Persistent limiting diplopia (BSV < 80) or
¢ Other debilitating symptoms (e.g., chronic pain or
other controversial indications)

made to opt for surgical intervention based on
various indications (Table 9.1).

The emphasis of this protocol is on nonsurgi-
cal treatment. The decision for surgery is primar-
ily based on clinical observations and orthoptic
measurements and not solely on the size or loca-
tion of the fracture. The initial clinical presenta-
tion can vary widely. Patients with a large fracture
may have relatively few symptoms, while a small
fracture may cause severe diplopia. As mentioned
before, this often does not predict the extent to
which the diplopia and restricted ocular motility
will recover spontaneously. Frequently, consider-
able improvement can be observed within
2 weeks of trauma.

First Presentation
The clinical examination should focus on the
various symptoms that may indicate an orbital
fracture. Objective and standardised measure-
ments are needed to assess the patient properly. If
there is a high suspicion of an orbital fracture, a
CT scan should be ordered to confirm the diagno-
sis and determine the severity.

As mentioned before, immediate intervention
is necessary in vision-threatening situations. In a
trapdoor fracture with oculocardiac reflex or sig-
nificant globe dislocation (Fig. 9.12), urgent inter-
vention (<24 h) is also required to prevent
permanent damage. An orthoptic examination is
highly recommended if there is no acute indication
for intervention and diplopia or limited motility is
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Fig.9.12 Significant globe dislocations (a) clinical example; (b) CT scan sagittal view of clinical example; (c) clinical
example; (d) CT scan sagittal view of clinical example

present. If the clinical and orthoptic examination
show that there is no early enophthalmos (>2 mm)
or an absolute elevation (<15°) or abduction limi-
tation (<25°), nonsurgical treatment with a check-
up after 10-14 days can be considered. If early
enophthalmos or severe ocular motility restric-
tions are present, there is an indication for orbital
reconstruction within 2 weeks. The expectation is
that there is entrapment of the muscles and the
connective tissue around the muscles, which will
not recover without release.

Photographs taken at the time of initial pre-
sentation and subsequent visits can provide the
practitioner and the patient with an insight into
the recovery and the possible occurrence of cos-
metic sequelae/complications, such as scarring or
entropion after orbital reconstruction.

Immediately after the trauma, patients are
advised to improve the ocular motility and train
the ocular muscles by alternately closing one eye
several times a day and looking as far as possible
in all directions. In this way, the muscles do not
slack and work on recovery, the pumping func-
tion of the muscles can reduce edema, and pos-
sibly fibrosis and adhesions are reduced.

Nonsurgical Follow-up After 2 Weeks

The second visit is meant to evaluate the improve-
ment of motility disturbance and diplopia. If there is
insufficient improvement (<8°) of the most limited
affected duction or if severe diplopia (BSV < 60) is
persistent, there is a strong indication for surgery. In
these patients, an intervention is scheduled within
1 week. If it was not possible to perform an orthop-
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tic examination in the first week after trauma, e.g.,
due to swelling or a noncooperative patient, the
same values are used as described earlier (<15°
elevation and <25° abduction).

After 2 weeks, it may be expected that most of
the swelling has subsided. Conservative treat-
ment can be continued if there is no clear enoph-
thalmos (>2 mm). In these fractures, the periorbita
has probably enough resistance to support the
soft tissue content of the orbit sufficiently.

Nonsurgical Late Follow-up

If there is no clear indication for surgery, the next
visit is scheduled 3 months after trauma and, if
indicated, up to 12 months. Incidentally, late
enophthalmos may occur, but this is usually
within 3 months. If this is considered trouble-
some by the patient, it is an indication for a sec-
ondary reconstruction after the primary
nonsurgical treatment failed. If there is persistent
mild diplopia (BSV 60-80), surgical intervention
can be considered. Diplopia, especially in down-

Table 9.2 Nonsurgical treatment follow-up

ward gaze, can be highly disabling. The chance
of full recovery is smaller if diplopia is severe
(BSV < 60) at first presentation or has been pres-
ent for a long time.

Follow-up After Orbital Reconstruction
After orbital reconstruction, additional visits are
scheduled 1 and 3 weeks after surgery to assess
the clinical recovery and, if necessary, manage
potential complications after surgery. Due to
swelling, ocular motility can still be restricted the
first weeks after surgery. An orthoptic examina-
tion is scheduled 6 weeks after surgery for that
reason. Further visits are similar to the nonsurgi-
cal case.

Tables 9.2 and 9.3 indicate which measure-
ments are required for each visit. If the ductions
have fully recovered at the 3-month check-up, fur-
ther orthoptic examinations is performed only on
indication. Likewise, the CT scan after 6 months is
also only on indication. Often, patients without
complaints will not come for a check-up after

Visit number 1 2 3 4 (optional) 5 (optional)
First presentation 10-14 days 3 months 6 months 12 months

Clinical examination X X X X X

Photography X X X X X

Imaging (CT scan) X (X)

Ophthalmic examination X X X X X

Orthoptic examination X X X X X

Table 9.3 Surgical treatment follow-up
Visit number 1 2 3 4 5 6 (optional) | 7 (optional)
10— 6 weeks 3 months 6 months 12 months

First Surgery + | 14 days post-op (= | post-op (+ post-op (£ post-op (£
presentation | post-op post-op 7 days) 7 days) 7 days) 7 days)

Clinical X X X X X X X

examination

Photography X X X X X X

Imaging (CT X X (X)

scan)

Ophthalmic X X X X X

examination

Orthoptic X X X X X

examination

Surgery X
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3 months, but it is instructive to follow-up patients
with complaints for a long time.

To monitor the results of this protocol, we per-
formed a two-center multidisciplinary prospective
cohort study [6]. Fifty-eight patients completed
the 3, 6, and/or 12 month follow-up. We assessed a
full recovery without diplopia or enophthalmos
(e.g.,>2 mm) in 45 out of these 58 (78%) patients.
The other 13 patients had limited diplopia, mainly
in extreme upward gaze. Five of those 13 patients
did not experience impairment of diplopia in daily
life. No patients developed late enophthalmos.

We concluded that a high percentage of
patients with orbital floor and/or medial wall
fracture recovered spontaneously without lasting
diplopia or disfiguring enophthalmos.

Conclusion

Despite the fact that nowadays, we treat orbital
fractures in a multidisciplinary setting and know a
lot about the anatomy and pathophysiology, it
remains difficult to predict the outcome in part of
the orbital fractures. By using the appropriate
diagnostics at the first presentation, a proper
assessment can be made whether there is an indi-
cation for surgery. Orthoptic measurements play a
crucial role in this. After vision-threatening emer-
gencies have been excluded, the advantages and
disadvantages of surgery should be considered. In
addition to enophthalmos, persistent diplopia is a
sequala of orbital fractures. By performing sub-
jective measurements and comparing them over
time, an assessment can be made of the likelihood
of full recovery or the necessity for surgery. The
described protocol is a tool for future research and
further implementation of clinical decision-mak-
ing in the general clinic.
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e Improve basic knowledge about the
advantages of virtual treatment plan-
ning, navigation, and intraoperative
imaging.

* Know when to reconstruct the orbit with
patient-specific implants.

Introduction

Fractures of the orbit are relatively common in
maxillofacial trauma. They can occur in isolation
or involve concomitant skeletal structures as
well. There is variation in fracture complexity
due to the amount of energy transfer, and clinical
presentation can be heterogenous due to soft-
tissue involvement. Proper physiological assess-
ment, a full radiological description of the
fracture configuration, and orthoptic evaluation
form the foundation for decision-making and
thereby predictable clinical outcomes [1-6].

The surgeon must combine this information
with evidence-based indications for surgery,
appropriate timing, knowledge of the different
approaches, biomaterials, and advanced technol-
ogies. This can be a challenging task, and there is
ongoing debate about the optimal management of
orbital fractures in facial trauma care. The diver-
sity in training and surgical skills adds a con-
founding component, since many surgical
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specialities manage orbital fractures [6, 7]. In
addition, there is a lack of high-quality studies
defining the standards of care for the optimal
treatment of orbital fractures. The controversies
on surgical indication are discussed in Chap. 9;
this chapter describes the process after the indi-
cation for surgery has been established.

Surgical Decision-Making
and Operative Procedure

The goals of surgical treatment of an orbital frac-
ture are clear: the globe needs to be repositioned
and the orbital volume restored, in order to
recover the ocular function (Fig. 10.1). Although
these goals are related to the orbital contents, the
restoration of the orbital contour is the first and
probably the most predictable step in orbital
reconstruction [1].

The shape of the bony orbit and the intricate
architecture of the soft tissue pose surgical chal-
lenges. Orbital reconstruction is performed in a
confined space close to vital and delicate struc-
tures, with a limited overview. This presents a
risk of iatrogenic damage and surgical complica-
tions [1]. Detailed planning and adequate expo-

™~ ﬁ

I@
Fig. 10.1 Orbital defect (a) and reconstruction of the
affected orbital walls by an orbital implant (b)

sure of the orbital floor and the medial wall are
necessary to avoid complications. Considerations
on timing [4-6, 8], biomaterials [4, 6], virtual
surgical planning [9, 10], preformed or custom
plates (patient-specific implants, PSIs) [10],
approach [6, 8], navigation [9, 10], and intraop-
erative imaging [9] will be discussed in the fol-
lowing paragraphs.

Timing

The literature evidence on ideal timing of the sur-
gical intervention is contradictory and difficult to
interpret. Timing of surgery can be differentiated
between immediate (<24 h), early (<2 weeks),
and delayed treatment (2-6 = weeks).
Reconstruction after 6 weeks is not considered
primary treatment any more, as the soft tissue and
bone behave as a revision case [6]. Except for
threatening visual emergencies and (pediatric)
trapdoor fractures (Chaps. 12 and 13), all indica-
tions for surgery are relative [4, 6].

Several surveys on surgical decision-making
on orbital fractures indicate that surgeons gener-
ally prefer to operate within 2 weeks after the
injury [7]. The rationale behind early surgery is
that the fracture is more easily accessible [2, 6].
There is less iatrogenic damage, because of the
absence of fibrosis, and fewer adhesions in the
orbital soft tissue are present. However, there is
currently insufficient proof that postponing sur-
gery harms the outcome. As clinical signs and
symptoms may change in the days or weeks after
trauma, a more delayed approach might influence
the type and choice of treatment. The scientific
rationale for these timing recommendations is
vague considered that some indications for sur-
gery will not always occur (enophthalmos) or
will resolve spontaneously over time (diplopia)
[5].

From a practical perspective, the surgical
approach is easiest performed after ecchymosis
and swelling has resolved, which is generally
after 4-14 days. The additional time could be
used for (virtual) treatment planning and, if indi-
cated, fabrication of a PSI [2, 6, 10].
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Fig. 10.2 Orbital implant options: flat (a), preformed (b), patient specific implant (c)

Biomaterials

A wide variety of implant materials have been
used to reconstruct orbital wall fractures. Implant
materials must have specific characteristics to
achieve adequate reconstruction of the pretrau-
matised anatomy and correction of enophthalmos
or diplopia. The ideal reconstruction material has
perfect architecture or contouring abilities to
restore volume and shape, is biocompatible,
facilitates drainage of fluids, has no donor site
morbidity, is radiopaque, is stable and allows
fixation, and is readily available at reasonable
cost [3, 11]. Based on their excellent biocompat-
ibility, autologous bone grafts used to be the gold
standard. The main disadvantages of autologous
bone grafts are donor site morbidity, unpredict-
able resorption rate (up to 86%), and difficulties
in shaping the graft. These drawbacks inspired
the development of alloplastic materials that are
currently considered the gold standard for recon-
struction. Titanium in specific adheres to most of
the abovementioned demands and is widely used,
either as preformed orbital reconstruction plates,
patient-specific implants, or flat titanium meshes
for intraoperative moulding (Fig. 10.2).

Virtual 3D Planning and Implant
Choice

Since orbital reconstruction is performed in a
confined space with a limited overview, a
computer-assisted surgery (CAS) workflow can

be of great added value. The first steps in this
CAS workflow are generation of the virtual
patient model and advanced diagnostics to sup-
port diagnosis and indication (Chap. 9). The vir-
tual planning is performed after surgery is
indicated, but it utilizes the information already
obtained in the advanced diagnostics process.
The unaffected mirrored orbit that had been posi-
tioned over the affected orbit for obtaining
detailed insight into the extent and displacement
of the fracture is used as the target anatomy for
reconstruction (Fig. 10.3).

The next step is to select an implant that can
mimic this target anatomy as closely as possible
[12-15]. A virtual model of an implant with a
predefined shape, such as a preformed implant,
can be imported in dedicated virtual planning
software. The 3D model of the implant can be
positioned in the virtual patient: the contours of
the implant are shown in the 3D model and the
multiplanar views. The patient model provides
information on existing anatomical structures;
visualization of the mirrored orbit’s overlay adds
the desired reconstruction information to the
multiplanar views (Fig. 10.4).

Several positions of the implant may be tested
to find the optimal position of the implant.
Different aspects are considered to evaluate the
position of the implant in the virtual surgical
planning. Apart from reconstructing the orbital
contour as accurately as possible, it is important
that the implant covers the orbital defect, is suf-
ficiently supported by existing bony structures
(e.g., support on the dorsal ledge, bony support at
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Fig. 10.3 Virtual surgical planning. The mirrored orbital
contour is considered the target anatomy for reconstruc-
tion (a). A virtual model of the implant is imported and
positioned in the orbit of the patient (b). The mirrored

model can be visualized in the positioning process and
serves as a blueprint for the target anatomy the implant
should reconstruct (¢)

Fig. 10.4 Visualization of the implant model and mirrored orbit in the multiplanar views. The implant follows the mir-
rored contour nicely, has support on the posterior ledge, and can be fixated on the infraorbital rim

the medial tip of the implant), and allows fixation
at the infraorbital rim [16—18]. The planning pro-
cess may be repeated for preformed implants of
different sizes or from different manufacturers,
and the implants may be virtually trimmed at pre-
defined locations to evaluate if a reduced size of
the implant still meets the positioning require-
ments. These options ensure that the possibilities
of preformed implant reconstruction can be thor-
oughly evaluated. The optimal implant positioned
in the ideal position may be considered the end
point of the virtual surgical planning in case of a
preformed implant [12, 16, 19].

Preformed or PSI

Preformed titanium implants can provide an ade-
quate reconstruction in the majority of orbital
reconstructions. Their predefined shape, which
allows virtual surgical planning, is frequently
based on the shape of the average orbit and thus
provides a satisfactory resemblance to the major-
ity of orbits. The aforementioned trimming at
predefined locations increases their fitting poten-
tial. In limited cases, an optimal fit cannot be
achieved using a preformed implant (Fig. 10.5).
An inaccurate virtual fit of preformed implants
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Fig. 10.5 Example of an incorrect fit of a preformed
implant. Although the largest implant size was chosen in
this example, the implant does not reach the OPPB. The

Fig. 10.6 Design of a patient-specific implant. The
advanced diagnostics information (a) is the basis for
designing a patient-specific implant (b). Several virtual

may lead to the decision to use a patient-specific
implant (PSI), but a PSI may also be indicated
because of clinical considerations such as a need
for overcorrecting the volume of the orbit.

The advanced diagnostics information that is
utilized in PSI cases is identical to the informa-
tion used in virtual surgical planning of a pre-
formed implant. The virtual surgical planning
process and result differ in a PSI reconstruction;
information about anatomical boundaries of the
fracture and optimal reconstruction shape is
exported from the virtual planning software.
Design software is used to model an implant that
meets the requirements on defect coverage and
reconstruction of the pre-traumatized anatomy

lack of posterior support led to the decision to use a
patient-specific implant

prototypes may be designed before the virtual planning is
completed (c) and the final design can be produced

(Fig. 10.6). Prototypes of the implant can be
imported into the virtual surgical planning to ver-
ify their fit and evaluate the necessity of altera-
tions to the design. If the virtual planner and
surgeon are satisfied with the implant design, the
virtual model of the PSI may be sent to a manu-
facturer for fabricating the physical implant in
titanium using laser sintering.

A PSI offers enhanced possibilities to tailor
the implant’s shape to the patient’s anatomy
(Fig. 10.7). Support on existing bony ledges and
an extension over the orbital rim provide feed-
back on implant positioning to assure that the
planned position is reached. The implant’s shape
can be adjusted to meet the clinical needs of the
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Fig. 10.7 Tailoring the implant to the patient’s anatomy
and fracture specifics. Compared to the preformed
implant, the patient-specific implant exhibits an improved

patient as well: an overcorrection in volume or
rim height may be embedded to resolve enoph-
thalmos or hypoglobus [14]. Although patient
specific implants offer improved positioning and
clinical outcome compared to preformed
implants, the high cost and logistical demands
prohibit their widespread use. Considering these
restrictions, the use of PSIs is currently the gold
standard only in complex or secondary recon-
struction of the orbit [20].

Surgical Technique

Approach
The surgical access to the orbit has undergone a
true evolution over the last few decades. In the
early nineties, the coronal approach, which was
used in neurosurgery, became the working horse
in orbital surgery; it was often combined with a
skin incision in the lower eyelid. Drawbacks like
scar visibility and surgical invasiveness of this
extensive procedure have driven the development
of more cosmetic incisions around the orbit that
deliver at least equivalent but often better surgical
access. Widely used approaches to restore the
orbital boundaries after an orbital wall fracture
are a transconjunctival, subtarsal, or subciliary
approach. In the last decade, the transconjuncti-
val incision has gained popularity and has become
the standard approach for orbital reconstruction.
The transconjunctival approach has no visible
scarring, as it is covered by the lower eyelid. A

fit on the infraorbital rim. The patient-specific implant is
supported by the OPPB, and an overcorrection is embed-
ded in the implant’s design

good exposure can be established and the risk of
complications, such as entropion, is relatively
low. In theory, two modifications can be used: the
preseptal and the retroseptal route. The preseptal
route has the advantage that the fat prolapse is
limited compared to the retroseptal route. The
drawback is that the preseptal route theoretically
has a higher chance of postoperative entropion. A
modification of the retroseptal route, which partly
alleviates the fat prolapse, is explained below.

The approach starts by placing two non-
resorbable sutures, one around the inferior rectus
muscle and the other on the inferior tarsal plate of
the lower eyelid. The first suture is used to raise
the globe, so that the upper eyelid can provide
protection during surgery. The other one allows
the lower eyelid to be everted more easily using
the Desmarres retractor. The conjunctiva is
stretched and incised with a diathermy or scalpel.
The incision should be started approximately
four millimetres from the fornix and run from the
caruncle to the lateral ligament. The inferior
orbital rim should be palpated as a target for the
approach. Next, the diathermy can be used to
explore the retroseptal loose connective tissue
down to the periosteum while keeping tension on
the eyelid. The Desmarres retractor is reversed
for retaining the lower eyelid, and the periosteum
is incised to gain access to the orbital cavity.

A major advantage of the transconjunctival
approach is that the medial wall can be exposed
with a medial transcaruncular extension and
exposure of the floor and rim can be improved
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Fig. lateral

10.8 Transconjunctival
extensions(canthotomy/cantholysis) (b); medial exten-
sion (transcaruncular)

approach (a),

with a lateral canthotomy or, if necessary, a can-
tholysis (Fig. 10.8). For the lateral canthotomy,
the existing incision can be expanded by strip-
ping the lower part of the lateral canthal tendon,
followed by an incision of approximately 1 cm
through a natural skin crease. By extending the
incision medially through the caruncle, the
medial wall up to the roof of the orbit can be
reached. The anatomy in this region is complex,
with the Horner muscle, medial rectus muscle,
and lacrimal drainage system. The incision
towards the medial wall must therefore be made
through the fibrous part of the caruncle.

Dissection of the Orbit

After subperiosteal access is gained at the infe-
rior orbital rim, the dissection starts laterally. The
relatively solid bone of the sphenozygomatic
region is intact in most patients, which allows the
surgeon to develop the surgical plane relatively
easy. The next step is identifying the inferior
orbital fissure (Fig. 10.4). The contents may be
cauterized by bipolar diathermy. This fissure can
be followed to the posterior orbit. On the medial
side of the posterior part of the inferior orbital
fissure, a ledge may be identified, which is
formed by the orbital process of the palatine bone
(OPPB). This ledge, or OPPB, consists of rela-
tively solid bone and remains intact in most
cases. For that reason, the OPPB is one of the

Fig. 10.9 Landmarks in the orbit for orbital reconstruc-
tion: medial strut (a), orbital process of palatine bone/
keyzone (b), inferior orbital fissure (c¢), superior strut (d),
attachment of inferior oblique muscle (e)

main pillars of the orbital reconstruction [21].
Beat Hammer identified this region as key zone
and Jaquiéry also incorporated this structure in
his classification [22]. The location is visualized
in Fig. 10.9.

The next steps are medial dissection and find-
ing a way around the fracture. The bony struc-
tures in the anterior third of the orbit may be used
for this, provided these are unaffected by the
fracture. Medial traction is usually enough to
mobilize the tissues bulged through the defect. A
meticulous dissection with a periosteal elevator is
required to find the medial border of the defect.
This border can be followed to the OPPB. The
medial wall can be extremely thin and can easily
be damaged by the exploration of the orbit.
Nevertheless, the medial strut, which forms the
boundary between the orbital floor and medial
wall, is relatively rigid. This region can be identi-
fied as a white line when it is intact (Fig. 10.4). In
two-wall defects, the medial strut may also be
dislocated; a more cranial dissection is advised,
and a transcaruncular extension of the transcon-
junctival incision can be helpful. The orbital con-
tents should be handled very gently. If the orbital
contents are released from the fracture gap, it is
best to remove remaining sharp edges.
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Polydioxanone (PDS) or neuro patties can be
used to bundle the contents and keep the soft tis-
sue away during insertion of the reconstruction
material.

The aforementioned principles can also be
used in case of a trapdoor fracture, but gentle
pressure is enough to release the entrapped tis-
sues in most cases. Besides removal of the sharp
edges, no further action is necessary.

Relevant Surgical Landmarks Related

to the Reconstruction

The globe and the ocular muscles receive liga-
mental support from the periorbita, which con-
tains a network of connective tissue septa,
surrounded by fat. The ligaments are attached to
the orbital walls, as described by Koornneef [23].
Unfortunately, the structural integrity of the
orbital septaec may be compromised as a result of
trauma and will certainly be (further) disrupted
due to the approach and surgical dissection.
Although orbital surgery requires meticulous dis-
section skills, it remains almost impossible to
predictably redress all the soft tissue in the cor-
rect position and original dimension. Even after
the release of the disrupted or entrapped orbital
contents, a certain amount of disturbed soft tissue
anatomy, scarring, and fibrosis can definitely be
expected.

A properly positioned implant can restore the
comminuted bony structures and volume of the
orbit. It creates a solid fundament to facilitate
free movement of the globe. The orbital implant
must be gently inserted between the bone and the
soft tissues. The implants require support at the
anterior, posterior, lateral, or medial boundaries
to obtain a stable position. Several strategic land-
marks are fundamental for restoring the appropri-
ate anatomical relations. The orbital process
forms the important posterior ledge to dock the
implant on. In large two-wall defects, the rota-
tional freedom of the orbital implant is increasing
and additional support on the superior strut (bor-
der of medial wall and orbital roof) can be of
added value to prevent rotational outliers in
implant position [24] (Fig. 10.10).

Although the focus lies on the posterior land-
marks, the position of the anterior rim is of equal

Fig. 10.10 Implant support: ledge (a), anterior rim (b),
medial wall/superior strut (c)

importance. In impure blow-out fractures with
concomitant facial fractures (ZMC, NOE of Le
Fort II/III), the vertical position of the globe is
mostly determined by the position of the anterior
rim. Suboptimal repositioning of the ZMC auto-
matically leads to a poor position of the orbital
implant, especially since the rim is required for
fixating the orbital implant anteriorly. This is one
of the reasons that the facial pillars must be
restored anatomically before the orbit is recon-
structed. A more caudally positioned rim will
lead to a suboptimal implant position, an increase
of orbital volume, and potential enophthalmos or
hypoglobus.

Intraoperative Navigation and Imaging

The ideal implant position has been determined
during the virtual surgical planning: the goal for
the surgeon is to position the implant as close as
possible to the planned position during surgery.
Because of the confined space and protruding
soft tissue, a visual assessment of the implant
position is infeasible and realization of the
planned position is difficult. The possibility to
consult the planning aids the surgeon during
reconstruction by creating artificial anatomical
landmarks for evaluating the implant position. In
the computer-assisted surgery workflow, addi-
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tional technology may be introduced that can
transfer the preoperative planning to the intraop-
erative setting and provide more sophisticated
feedback on implant positioning. Surgical navi-
gation and intraoperative imaging are effective
intraoperative technologies in orbital reconstruc-
tion; these techniques will be explained in more
detail in the following paragraphs.

Navigation
Many people will associate the term navigation
with the route guidance in a car. The navigation
system tracks the location of the car using GPS,
knows the destination, and provides feedback to
the driver on the position of the car in relation to
the destination. Surgical navigation is a compa-
rable technique, but the working principle is dif-
ferent, as is explained below. Surgical navigation
can provide visual and quantitative feedback on
the realized implant position with respect to the
planned position. Although surgical navigation is
an expensive and logistically complex technique,
it has shown to improve predictability of orbital
reconstruction significantly [25-27].

The navigation system is constituted of the
following components: an infrared camera, a
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patient reference frame, a surgical navigation
pointer, and a computer system plus screen
(Fig. 10.11). The patient reference frame has
reflective marker spheres attached, which allow
the camera to detect the position of the frame.
The patient reference frame is rigidly attached to
the patient’s cranium to track the position of the
patient within the operation room. Similarly, the
navigation instrument has markers attached to
track its position. It is essential that the line-of-
sight between the camera and the reflective
spheres is not blocked, since this would hamper
detection of the frame or instrument. The ulti-
mate goal is to visualize the position of the instru-
ment within the virtual planning, but this requires
a registration procedure.

The registration procedure establishes rela-
tionship between the physical position of the
patient and the virtual surgical planning.
Registration relies on identifying similarities
between the physical patient and the surgical
planning. Reference points are generally utilized
in facial traumatology. These points are identified
in the virtual planning and indicated on the
patient. Easy and reproducible identification of
these points in the virtual planning and on the

N

Fig. 10.11 Surgical navigation system with its different components. (a) patient reference frame, (b) surgical instru-

ment, (¢) camera, (d) screen
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patient is essential for an accurate match, which
heavily affects the accuracy of the subsequent
navigation feedback. Since anatomical land-
marks don’t meet these indication requirements,
the reference points should be artificially created.
Bone-anchored titanium screws may be inserted
intra-orally or in pre-existent wounds [28]. The
screws need to be dispersed as much as possible
to ensure a good registration result.

A less invasive method is the use of a dental
occlusal splint that embeds the markers [29], but
this may require additional imaging (radiation
exposure) to the patient since the splint may not
be present in the initial computed tomography
(CT). A virtual dental registration splint can be
obtained by fusing an intraoral scan with the CT;
the splint can be 3D printed and used to indicate
the registration points on the patient during sur-
gery [30, 31]. This method decreases the radia-
tion exposure, but it does require specific
hardware and software. The navigation error
yielded by all registration approaches discussed
is below 2 mm in the orbital region [28-30]. The
decision for a registration method can be made
on an individual basis and depends on patient and
hospital characteristics.

After the registration procedure, the surgeon
can use the navigation to compare the realized
implant position to the planned position with the
navigation pointer. If the navigation pointer is
positioned in the patient, the screen will show the
location of the tip of the pointer in the multipla-
nar view (sagittal, coronal, and axial slices) and
in the 3D model of the preoperative CT scan.
When the pointer is moved, the view is changed
to the slices of the new position. Visualization of
the planned implant contour in the multiplanar
views helps the surgeon to assess if the planned
implant position has been obtained. The recon-
structed contour can be evaluated by moving the
pointer along the implant, but it is more effective
to use predefined marker points on the implant
[32]. These marker points can be indicated in the
virtual surgical planning, allowing the system to
compute the difference in planned and realized
marker positions This approach provides quanti-

tative feedback and gives the surgeon an indica-
tion on the direction of repositioning.

Even though navigation provides the surgeon
with relatively precise information on the implant
position, there is some residual error. The most
important source of error is the registration pro-
cedure. The surgical outcome of orbital surgery
should always be validated with a radiological
control. This radiological control used to be per-
formed postoperatively. Technological advance-
ments have made cone-beam computed
tomography (CBCT) scanners available in differ-
ent (mobile) setups to facilitate intraoperative
imaging [17]. Since the image quality of the
mobile CBCT scanners is sufficient, the need for
postoperative imaging is eliminated.

Implant positioning can be evaluated on the
intraoperative scan for defect coverage and bony
support. The intraoperative imaging can also be
fused with the virtual surgical planning to pro-
vide more thorough feedback on the obtained
implant position. The literature has shown that if
the implant is positioned without navigation, the
surgeon will alter the position of the implant in
half of the cases based on intraoperative imaging.
Intraoperative imaging significantly improves the
implant positioning [33], reduces the need for
secondary interventions, and saves operation
time [17].

Computer-Assisted Evaluation

Evaluation is an important part of the computer-
assisted surgery workflow. The intraoperative or
postoperative imaging can be fused with the pre-
operative 3D planning, which allows objective
assessment of the surgical result. The deviation
of the final implant position can be quantified
and expressed as rotations and translation from
the planned position. The volume difference
between the unaffected and reconstructed bony
orbit may also be assessed. Evaluation and quan-
tification are very instructive and insightful for
the inexperienced surgeon to identify errors in
planning or surgery. This enhanced knowledge
will aid in the planning and surgery of future
trauma cases.
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Recovery and Follow-up

Patients are hospitalized for one or two nights
after orbital reconstruction, depending on post-
operative pain and how self-sufficient the patient
is. In the first hours after surgery, a retrobulbar
hematoma may develop. This can cause compres-
sion of the optic nerve and, potentially, loss of
vision. For this reason, it is essential to perform
pupil function and vision assessment at least
hourly in the first 4 h after surgery.

Postoperative swelling and pain, formation of
a hematoma, contusion of the ocular muscles,
and changes in the position of the globe and mus-
cles generally lead to an increase or at least per-
sistence of symptoms (diplopia and limited eye
motility) in the first weeks after surgery.
Intraocular swelling can lead to temporary
exophthalmos or an elevated position of the
globe. The patient should be prepared for this
during the preoperative consultation. The patient
is advised to start monocular orthoptic exercises
three times a day within a few days after the
orbital reconstruction to improve motility. These
exercises might additionally resolve swelling or
avoid early adhesions.

As discussed in the previous chapter, patients
are scheduled for follow-up 2 weeks, 6 weeks,
and 3 months after surgery. In this period, a sig-
nificant improvement in ocular motility is often
noticed as well as a decrease in diplopia. Both
diplopia and motility can be confirmed with
objective orthoptic measurements. Further recov-
ery and adaptation will occur up to 1 year after
surgery, with possible further subjective improve-
ment of the symptoms.

Despite an anatomical reconstruction of the
bony orbit and repositioning of the soft tissue,
permanent residual diplopia and limited eye
motility may occur. These could be the result of
adhesions, local entrapment, or a disruption of
the periorbita, the suspension system of the intra-
ocular soft tissue. In general, severe motility
restriction and diplopia in central gaze lead to
residual symptoms. Enophthalmos can persist
due to insufficient restoration of the orbital con-
tours or decrease of soft-tissue volume due to
atrophy. Entropion, ectropion, and increased

scleral show are complications directly related to
the surgical approach. Other possible surgical
complications are infraorbital nerve dysesthesia
and epiphora.

A well-prepared and performed orbital recon-
struction will often lead to a significant improve-
ment of the initial complaints. The globe position
will be restored in most cases if the reconstructed
orbital wall contours resemble the pre-
traumatized contours. These contours will form
the fundament for redressing of the soft-tissues in
order to facilitate ocular motility and diminish
the diplopia. A clinical example of clinical
improvement after surgical reconstruction is pre-
sented in the clinical example.

Clinical Example of Surgical
Treatment of a Blow-out Fracture

A 21-year-old female was referred to the depart-
ment of oral and maxillofacial surgery with a dis-
located orbital floor and medial wall fracture
(class III), combined with a lateral wall fracture
on the right side (Figs. 10.12a—c and 10.13a—c).

Her main clinical problem was a limited ele-
vation with diplopia at elevation and depression,
and an evident step at the frontozygomatic suture.
There was no significant enophthalmos (Hertel
18/19). Orthoptic evaluation objectified the lim-
ited ocular motility at elevation (31° OD / 40°
OS) and depression (40° OD / 51° OS), with a
binocular single vision (BSV) score of 38/100
points (severe diplopia). The patient was sched-
uled for early orbital reconstruction with VSP
and surgical navigation because of the severe dip-
lopia and dislocated lateral wall.

In the multiplanar reconstructions of the CT
scan, the amount of dislocation of the orbital
walls can be easily assessed (Figs. 10.14 and
10.15). The DICOM data was imported into the
Brainlab software. The advanced diagnostics,
with segmentation of the unaffected orbit and
mirroring to the affected orbit, are visualized in
Figs. 10.15 and 10.16. Several preformed
implants were assessed in the virtual surgical
planning; the implant of choice at the optimal
position is shown in Fig. 10.17a, b. The addi-
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Fig. 10.12 (a—c) Clinical appearance at first presentation, (a) en face, (b) submental, (¢) elevation

tional screw holes or extensions can be cut
beforehand to prevent unnecessary intraoperative
implant adjustments.

The orbital defect is reconstructed with a
preformed orbital implant. The implant posi-
tion was controlled with the help of surgical
navigation and verified using intraoperative
imaging (Fig. 10.18a—c). Superimposition of

the intraoperative CBCT scan on the virtual
surgical planning enabled direct comparison
between planned position and actual result
(Fig. 10.19).

The patient was discharged from the hospital
1 day after surgery. She continued her studies
2 weeks after the reconstruction. Normal ocular
motility was restored directly after surgery. The
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Fig. 10.13 Coronal (a, b) and sagittal (¢) views of the CT scan at first presentation

diplopia dissolved in 3 months. During the fol- improvement of the BSV over time. The patient
low-up of 12 months, no enophthalmos occurred was satisfied with the recovery of her ocular
(Fig. 10.20a—c). Figure 10.21a-d shows the function and the excellent clinical result.
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Fig. 10.16 Mirrored to the contralateral side to mimic the pre-traumatized anatomy
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Fig. 10.17 (a, b) The STL file of the best fitting implant imported into the software
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Fig.10.18 (a—c)
Intraoperative imaging
for quality control
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Fig. 10.19 Superimposition of the intraoperative imaging on the virtual surgical planning, which allows one-to-one
comparison of the planned and obtained implant position
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Fig. 10.20 (a—c) Clinical result 1 year after surgery, (a) en face, (b) submental, (¢) elevation
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Fig. 10.21 (a—d) Binocular single vision (BSV) (a) preoperative, (b) 2 weeks after surgery, (c) 6 weeks after surgery,

(d) 1 year after surgery

Conclusion

Orbital wall reconstruction can be a complex pro-
cedure with variable results. The limited over-
view, keyhole access and, in complex cases, loss
of anatomical references are all challenges that
need to be overcome to reconstruct the orbit ade-
quately. Proper clinical decision-making forms

the fundament of treatment. The orbital implant
positioning should be as accurate and reliable as
possible and add to bulb position, ocular move-
ments, soft-tissue volumes, and esthetic outcome.
Although meticulous dissection skills of an expe-
rienced surgeon are mandatory, a wide range of
medical technology can help improve the quality
and predictability of treatment further.
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Learning Objectives

e Adequate diagnosis of the extent of an
orbital roof fracture.

e Intracranial involvement: indication for
surgical intervention.

Introduction

Orbital roof fractures are infrequent and are com-
monly associated with high impact facial trauma.
An estimated 1-14.7% of orbital fractures are
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fractures of the orbital roof [1-4]. These fractures
are relatively rare in comparison to fractures of
the infero-lateral wall of the orbit and there are
limited indications for surgical intervention. In
this short overview, we will discuss the indica-
tions of surgical reconstruction of orbital roof
fractures.

The first line of treatment in orbital roof frac-
tures is often conservative [S]. Management var-
ies based on individual clinical and radiological
findings [5-7].

Indication for surgery depends on the symp-
toms at presentation; skeletal and (brain)soft tis-
sue injury findings on the CT scan, the degree of
displacement of bone fragments, the degree of
intracranial involvement and the involvement of
the superior orbital rim. The majority of these
surgical procedures will be a collaboration
between surgeons of different background in
neurosurgery, maxillofacial surgery, plastic sur-
gery and ophthalmology.

Background

Isolated orbital roof fractures are uncommon
since the roof is well protected by the sturdy
supraorbital rim, the zygoma, and more posteri-
orly the sphenoid bone. Most superior orbital
wall fractures are caused by high-energy impact
trauma to the head and are more frequent in the
paediatric population; in the younger paediatric
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population, fractures of the orbital roof are the
most common type of fracture in this region, due
to the neurocranium — face ratio and the associ-
ated characteristics of the orbit at the younger age
[8, 9] (Chap. 12). As the frontal sinus pneuma-
tizes during age, the transmission of force from
the superior orbital rim to the anterior cranial
base diminishes: concordantly, orbital roof frac-
tures become less frequent during adulthood. In
adults, an orbital roof fracture is often associated
with more extensive cranial-facial and brain
injury than in children. In children, these orbital
fractures are typically isolated (linear skull frac-
ture) and treated conservatively accept when
there is a risk of a growing skull fracture, which
can result as a “late” complication of a dural lac-
eration. In such paediatric head trauma cases,
after several months, herniation of (cerebral)
brain tissue through the skull-dura defect may
occur. Typically, a delayed onset develops of neu-
rological deficits [1, 5]. The majority (>75%) of
adult orbital roof fractures are associated with
traumatic brain injury and infringe on the cranial
integrity potentially leading to CSF fistula, pneu-
mocephalus and secondary meningitis [2, 5, 6].

Presentation

Despite the infrequent presentation of orbital
roof fractures, if not well recognized ophthalmo-
logical, neurological, functional and aesthetic
complications and associated morbidity may
potentially result. The characteristic symptoms
of orbital roof fractures are orbito-frontal skin
lacerations, peri-orbital hematoma, oedema and
orbital emphysema. Furthermore, displacement
of the globe in any direction may occur (exoph-
thalmos, enophthalmos, hyperglobus or hypoglo-
bus). In addition, limitation of eye movement or
gaze restriction, diplopia or visual impairment,
i.e. loss of vision from a raised intraorbital pres-
sure and altered sensation in the supraorbital and
supratrochlear skin region, facial asymmetry are
described (see patient III). The most common
intracranial injury is the presence of a CSF leak.
Intracranial haemorrhage may be present as well
as prolapse of brain tissue. A (late) developing
pulsatile exophthalmos in case of an orbital
meningoencephalocele may occur.

Several classifications of orbital roof fractures
have been described: the blow-in fracture, with infe-
rior displacement of the orbital roof, the blow-up
fracture, with superior displacement of the orbital
roof-rim into the anterior cranial fossa, supraorbital
rim fracture and frontal sinus fracture with involve-
ment of the adjacent orbital roof [5-7].

Management

When an orbital roof fracture is suspected, assess-
ment of the (associated) injuries by a multi-
disciplinary team must be done rapidly to avoid
secondary damage to the brain tissue, orbit and
globe [1-3]. Treatment is individually tailored.
Generally, a nonsurgical approach is warranted in
the absence of intracranial, sinus or orbital symp-
toms. The choice of surgical versus conservative
treatment starts with an accurate assessment of the
injury. An adequate work-up must include neuro-
logical and ophthalmological assessment. When
neurological injury is suspected or proven, prompt
consultation by a neurosurgical team is indicated.
The standard Glasgow Coma Scale workup is
essential. The radiological imaging of choice is a
thin (I mm) high-resolution CT scan with
3D-reconstructions [7]. (Chap. 4) In orbital roof
fractures, MR imaging is of lesser importance and
contra-indicated when magnetic foreign bodies
are suspected [2—4]. Immediate surgical interven-
tion (decompression) is needed in a minority of
patients with a retrobulbar hematoma or threaten-
ing orbital compartment syndrome and consists of
urgent lateral canthotomy or cantholysis. In the
short-term post traumatic period, patients should
be advised not to blow their nose as this may result
in emphysema or pneumocephalus.

Skeletal Injury: Isolated Orbital Roof
Fracture

Isolated fractures of the orbital roof (Figs. 11.1
and 11.2) are rare and can usually be treated con-
servatively in the absence of diplopia, rectus
muscle impingement or persistent cerebrospinal
fluid (CSF) leak. In the case of CSF fistula with
oculorrhea or rhinorrhea, a period of watchful
waiting for at least 48 hours is advisable because
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Fig. 11.1 CT scan: sagittal slide showing isolated dis-
placed orbital roof fracture, wide spread emphysema
present

Fig.11.2 CT scan: coronal slide showing isolated orbital
roof fracture

the majority of cases resolves spontaneously [2,
10]. The efficacy of lumbar drainage and prophy-
lactic antibiotics in these cases with CSF leaks is
still subject of debate [2, 4].

Skeletal Injury: Concomitant Skull
Fractures

When there is an associated fracture of the adja-
cent supra-orbital rim or frontal sinus wall, surgi-
cal intervention is often indicated, more so when
displacement of bony fragments is present (see
patient III). When the posterior table of the fron-
tal sinus wall is involved in the fracture, craniali-
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sation should be considered. Other, frequent bone
injuries consist of a fracture of the zygoma and
ethmoid.

Concomitant Ophthalmologic
and Neurologic Injuries

In patients presenting with major ophthalmologic
signs and/or clear ocular injury, urgent surgery is
warranted to prevent further deterioration espe-
cially in cases with a substantial displacement of
bone fragment intra-orbitally or intracranially
[11]. The timing of surgery also depends on the
need for urgent treatment of concomitant (brain)
injury. Surgery of solitary orbital roof fractures
with displacement of the orbital rim usually takes
place in the sub-acute stage after the initial swell-
ing has subsided.

Oculorrhea and/or Rhinorrhea

As stated above, in the case of CSF fistula with
oculorrhea or rhinorrhea, a period of watchful
waiting is advisable for at least 48 h because the
majority resolve spontaneously [10]. In case of
persistent leakage, surgery is indicated. Surgical
nuances are variable and case-specific, but all
consist of a subcranial approach to the orbital roof
through a bitemporal (coronal) or superior-orbital
incision. After resection of bone fragments and
reconstruction of dura, orbital roof reconstruction
with titanium screws with plates and/or mesh sys-
tems yield an effective result but is not a necessity
when the orbital rim is intact [6].

Care is taken to avoid perioperative entrap-
ment of the superior rectus and superior oblique
muscle. Postoperative CSF leakage is rare but
should be watched for; therefore, MRI and fluid
analysis may be indicated.

To summarize, the indications for surgical
reconstruction of superior orbital wall fractures
are as follows:

1. Concomitant intracranial injury or penetrating
orbital roof fragments intracranially.

2. Visual impairment or globe displacement.

3. Persistent CSF leakage warranting recon-
struction of the frontal sinus.
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4. Dislocation or fragmentation of the superior
orbital rim.

5. Growing
population.

fracture in the paediatric

lHlustrative Cases

Patient |

A first illustrative case is a healthy young man
working on a construction site who was hit by a
large metal rod and presented to our ER with an
orbito-frontal skin laceration but without neuro-
logical or visual deficits (Fig. 11.3). A CT-scan

Fig. 11.3 Clinical image frontal laceration
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including 3D reconstruction revealed a commi-
nuted fracture of the left orbital rim, frontal sinus
and superior orbital roof (Figs. 11.4 and 11.5).
We opted for surgery because of the comminu-
tion and extent of the orbital roof fracture in com-
bination with the orbital rim and frontal sinus.
Intervention was carried out in the acute phase
because of a large skin laceration necessitating
primary closure and cosmetic reasons. He was
treated in a joint venture of the neuro- and maxil-
lofacial surgeons with primary open fracture
reduction, plate fixation and dural repair through
the existing laceration (Figs. 11.6 and 11.7). No
prophylactic antibiotics were administered. He
made an uneventful recovery and was discharged
after 5 days.

Patient 11

A second case is an elderly cyclist who fell off
his e-bike and presented with headache, vomiting
and peri-orbital swelling but without ophthalmo-
logic symptoms. On radiologic examination, a
right orbito-frontal fracture with involvement of
the orbit and frontal sinus was evident as well as
a pneumocephalus indicating traumatic fisteling
of the frontal sinus and the intracranial space
(Figs. 11.8 and 11.9). The patient was operated
by the neuro- and maxillofacial surgeons on the
second day after trauma when the initial swelling
had partially subsided. Repositioning of the bone
fragments as well as reconstruction and craniali-

Fig. 11.4 CT scan revealing an orbito-frontal fracture with displacement on the left side with involvement of the
orbital roof and frontal sinus: axial and coronal view (patient Fig. 11.3)
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Fig. 11.5 CT scan-3D reconstruction revealing an
orbito-frontal fracture with involvement of the orbital roof
and frontal sinus including (patient Fig. 1.3)

Fig.11.6 Preoperative view comminuted superior orbital
rim, anterior table frontal sinus and associated orbital roof
fracture (patient Fig. 11.3)

sation of the frontal sinus was preformed through
a coronal approach. The surgery was effective in
treating the cosmetic defect but afterwards, he
developed nasal CSF leakage which was treated
with 3 days of external lumbal CSF drainage and
prophylactic antibiotics. On discharge, he was
diagnosed with epilepsy and mild cognitive dys-
functions which were not present on initial pre-

Fig. 11.7 Postoperative open reduction and internal fixa-
tion of comminuted superior orbital rim and frontal sinus
anterior table fracture (patient Fig. 11.3)

Fig. 11.8 CT scan revealing an orbito-frontal fracture,
displacement present, with involvement of the orbital roof
and frontal sinus
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Fig. 11.9 CT scan revealing an orbito-frontal fracture
with involvement of the orbital roof and frontal sinus
including a pneumocephalus

B.van der Pol et al.

sentation. This case illustrates that clinical
outcome after orbital roof fractures is mostly
dependent on the extent of the traumatic injury to
the brain.

Patient Il

In a third case, a 34-year-old male patient pre-
sented to the ER after being involved in a bike
accident and fell with the tempo-frontal side of
his head onto the pavement. The patient complaint
about severe headache, no vomiting. There was
no double vision. Facial examination revealed
some flattening of the involved forehead, more
evident on the right side. Also, evident enophthal-
mos OD was measured, which was, according to
the patient not present prior to the accident. No
diplopia was reported, BSV was present and all
ductions were normal. A CT scan showed an
extensive comminuted fracture of the supraorbital
rim as well as a blow-out fracture of the orbital
roof (Fig. 11.10). Because of the extent of the

Fig. 11.10 CT scan, coronal, sagittal and axial view including 3-D reconstruction showing an extensive supraorbital
rim fracture in combination with a cranially displaced orbital roof fracture (patient Fig. 11.10)
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comminution of the rim fracture, the displaced
orbital roof fracture and the resultant enophthal-
mos, open reduction and internal fixation was car-
ried out using a coronal approach which allowed
for wide exposure of the fracture site (Fig. 11.11).
Miniplate fixation was applied (Fig. 11.12a, b).
Postoperatively, facial symmetry was accom-
plished with proper globe position, no double
vision or neurological symptoms occurred.

Fig. 11.11 Bicoronal incision providing wide access to
the fracture of the supraorbital rim and associated orbital
roof OD (patient Fig. 11.10)

Fig. 11.12 (a) Open reduction and internal fixation with  miniplates of comminuted supraorbital fracture (patient
miniplates of comminuted supraorbital fracture (patient Fig. 11.10)
Fig. 11.10). (b) Open reduction and internal fixation with
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Conclusion

The evaluation and treatment of complex orbital
fractures is best done in a medical centre with
experience in craniofacial trauma and by a multi-
disciplinary team. The indication of surgical
treatment of orbital roof fractures is limited to
fractures with substantial dislocation of bone
fragments that result in penetration of the orbit
and/or cranial fault, visual disturbance or cos-
metic defects. The surgical goals are reduction of
penetrating bone fragments, dural repair and
(cosmetic) reconstruction of orbit and frontal
sinus. Although scientific evidence to guide treat-
ment choices is limited to case series and expert
opinions, both surgical and conservative treat-
ment are effective in selected patients. The clini-
cal outcome of these patients depends mostly on
collateral damage due to traumatic brain injury
and visual disturbances.
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Learning Objectives

e Orbital fractures in children exhibit dif-
ferent features in children as compared
to the adult population: children are no
small adults.

e A white eye after blunt trauma in a child
can be deceiving. A trapdoor fracture
may betray itself only by a limitation of
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elevation. An attempt to elevate the eyes
may result in a cardiac arrest.

e Such a trapdoor trauma requires instant
intervention.

e Nausea caused by trapdoor fractures
may be confused with concurrent head
injury i.e., concussion.

e A growing skull fracture can be a late
complication in case of orbital roof frac-
ture involvement.

Introduction
Epidemiology

In children, a traumatic injury to the craniofacial
skeleton can result in facial fractures but may
also affect and disturb facial growth [1, 2].
Fortunately, facial fractures in children are rela-
tively rare and are less common than in the adult
population [2, 3]. The incidence of facial frac-
tures varies with age. Only approximately 1% of
all facial fractures occur in children under the age
of 1 year. The majority of fractures are observed
in children within the age group of 13—18 years
of age; boys are twice as much involved in facial
fractures as girls are [1-6]. In children, under the
age of 16, the overall incidence of orbital wall
fractures is 5-25% of all facial fractures, which is
lower than the incidence in the adult population
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(around 50%) [1-5]. As explained further on, a
skull fracture may occur in the very young and
can include a fracture of the anterior skull base
resulting in intracranial injury [1, 2].

A contiguous orbital roof fracture is more
common in very young children [7-9]. However,
the incidence of orbital roof fracture is likely to
be underreported [8, 9]. Although fractures of the
orbital floor and medial wall are diagnosed at any
age, there is an increase of isolated fractures of
the orbital floor with age and development [3, 5].
In case of an orbital floor fracture in children,
more than 50% entrapment of orbital soft tissue
is encountered [1-6, 10]. Not surprisingly, the
mechanism of the craniofacial impact, differs
with age (Table 12.1):

Growth and Development
and Subsequent Different Kind
of Patterns of Injury

In the pediatric population, there is a relatively
high proportion of cancellous, richly vascular
bone and growing sutures of cartilaginous struc-
ture which is responsible for the characteristic of
elasticity of the young growing bone. In adults,
the bone becomes more compact, dense and
rigid. The craniofacial skeleton undergoing min-
eralization, most profoundly at the age 23 years,
changes from an elastic to a rigid structure with
age. The elastic structure still has the intrinsic
capacity to deform or buckle instead of fracture
when force is applied resulting in less fractures.
Depending on age, the size and shape, the
anatomy-proportion of the skull changes. The
orbital floor itself deepens and becomes less
steep from lateral to medial with age. The low-
est point along the orbital floor shifts posteri-
orly [3, 4]. Neurocranial growth is continuous

Table 12.1 Type of impact related to age

Young | Impact as a result of daily activities, like a

child fall. More skull fractures and orbital roof
fractures

Older Impact as a result of sport, traffic or

child violence and sport related injuries, results
in orbital floor and medial wall fractures

and stimulated by the enlarging brain. There is
a preponderance of this growth mainly in the
first 2 years, after which it gradually decreases
over the following years. Facial skeletal growth
is discontinuous, is multifactorial and varies
in location and direction [2, 3]. Orbital depth
reaches 90% of adult dimensions at age 6 and
95% at age 12, which is analogous to the cra-
nial growth [3, 11, 12]. The fastest growth of
the orbit is within 12-24 months; after age 6,
the rate of expansion declines (Table 12.2) [11,
12].

Pneumatization of the paranasal sinuses devel-
ops during childhood. While in utero, the sinuses
and nasal cavity are in fact mucosal tissue within
cancellous bone and form one single structure.
During development, the ethmoid, frontal and
maxillary sinus subdivide in a predictable
sequence [2] (Table 12.3).

The frontal sinus pneumatization evolves at
age 7, completes before adulthood at around age
16 [1,2,7,9]. Radiographically, this pneumatiza-
tion becomes “visible” at age 8. The lack of
pneumatization in young children allows for
more direct transmission of force to the supra-
orbital rim which extends directly posterior to the
anterior cranial base and orbital roof with subse-
quent an increased risk of an orbital roof fracture
as aresult [2, 3, 6, 9]. Once frontal sinus pneuma-
tization has been completed, less force is directly
transmitted to the anterior cranial base and impact
forces are dissipated.

Table 12.2 Average orbital volume (mL) [12]

At birth 9-15
6 years 20
Mature age 25-28

Table 12.3 Growth and development [1, 2]

Years of age of Adult size reached
development at (year)

Maxillary 0-3 and 7-12 16

sinus

Ethmoid 1-12 12

sinus

Frontal 7-16 16

sinus
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Ethmoid air cells already present at birth grad-
ually grow to an adult size at age 12 (Fig. 12.1).
During the continuous pneumatization and sub-
sequent expansion, the medial orbital wall
becomes progressively thinner as the lamina pap-
yracea and thus more susceptible for orbital wall
fracture in adulthood [2, 3].

Maxillary sinus development is biphasic. Its
growth peaks at age 0-3 and at age 7-12. The
maxillary sinus is initially located medial to the
orbit, by age 4, it develops more infero-laterally,
expands at age 12 and reaches its adult size at age
16. Eventually, both the changes in bone mor-
phology of the craniofacial skeleton and the sinus
development during growth will affect how the
force of impact will be transmitted and how this

Fig. 12.1 The early presence of ethmoid air cells, axial
view
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will result
(Table 12.4).

In the group till the age of 7, due to a higher
cranial to face ratio (Table 12.5) which results in
a proportionately larger neurocranium i.e., more
exposure of the frontal bone, head trauma will
more often result in a skull and orbital roof frac-
ture rather than into a fracture of the facial com-
plex [2, 5, 7-9] (Figs. 12.2 and 12.3).

With exceeding age (older than 7), isolated
fractures of the lateral wall are declining in fre-
quency because of its increase in thickness and
non-sinus boundary.

The probability of fractures of the orbital floor
does not exceed that of the orbital roof until age 7
[1,2,4,7,10]. It is said that the orbital floor frac-
ture only “starts” at age 3—4 because of the pneu-
matization of the maxillary sinus [2, 9, 10].
Unerupted maxillary dentition in the undevel-
oped maxillary sinus also resists orbital floor
fractures in young children, especially under the
age of 7 [2] (Figs. 12.4, 12.5 and 12.6).

in a variable fracture pattern

Table 12.4 Relation between age and facial fracture
pattern

Birth—till age | Orbital Incomplete
7 roof > pneumatization frontal
orbital sinus
floor High cranium-face ratio
presence unerupted
maxillary dentition
Age Orbital Completion maxillary
7—adulthood | floor > sinus pneumatization
orbital Eruption maxillary
roof dentition completion
Increase ethmoid sinus
medial pneumatization
wall

Table 12.5 Anatomical changes during maturation “size ratio” in growth and adult size

Ratio neurocranium:face

Birth 8:1 35%
2 years 75%
5 years 4:1

10 years 95%
Mature 2:1 100%

% of Adult size neurocranium

% of Adult size face
25%
70%
80%

100%
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Fig. 12.4 The high maxillary cuspid location during
mixed dentition: eye—teeth. Panoramic view

Fig.12.2 Fracture of the anterior skull and orbital roof in
the very young child after fall, coronal view

Fig. 12.5 The small maxillary sinus at early age and the
high position of the mixed dentition just below the orbital
floor, sagittal view

Fig. 12.3 Fracture of the anterior skull and orbital roof in
the very young child after fall, sagittal view
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Fig. 12.6 View of early, developing stage ethmoid air
cells and maxillary sinus, high position mixed dentition,
coronal view

The Orbital Floor Fracture
in Children: “An Evolving Pattern”

Fracture patterns and susceptibility of orbital
fractures change with age. As stated above, this is
the combined result of a change in anatomy on
the one hand, and a physiological change due to
growth and development during maturation on
the other. Besides these anatomical changes,
physiology during growth will affect the mechan-
ical properties of the craniofacial skeleton.
Cancellous immature elastic bone develops into
rigid mature bone. Elastic bone will absorb
energy differently compared to rigid bone. The
elastic, flexible bone that comprise the immature
orbital floor is able to deform more than adult
compact bone when traumatic force is applied.
Because of the flexibility, the orbital floor may
bend rather than fracture and if a fracture does
occur, the intrinsic elastic property allows for the
tendency to recoil. The thick and elastic perios-
teum may also contribute to the trapdoor mecha-
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Fig. 12.7 Coronal view trapdoor fracture orbital floor
OS; subtle tear-drop sign present; small accompanying
low medial wall fracture

nism of the orbital wall involved [13]. But before
the fracture recoils, soft tissue may herniate and
remain entrapped after the hinge-fracture returns
to its original position [1, 3, 4, 6]. Mature bone in
these cases is much more prone to fracture with-
out subsequent recoil. In the adult case, we are
mostly dealing with an open floor fracture with
downward displacement of the orbital content,
clearly visible on the coronal image of the CT
scan. However, in the younger still growing pedi-
atric population, when the child presents with
clinical symptoms of an orbital floor fracture,
often hardly any findings of displacement of the
orbital floor are diagnosed on the CT scan
(Fig. 12.7). The thin not fully mineralized bone
may be hard to recognize on the scan images or
only a tear-drop sign may be present, suggesting
orbital soft tissue to prolapse (Figs.12.7 and
12.8). This trapdoor phenomenon causes an
acute mechanical failure in vertical gaze. Apart
from periosteal lining and orbital fat, the inferior
rectus- and inferior oblique muscle may become
entrapped, the muscle component causing more
pronounced inability of vertical globe motility
[1-4,6,7,13-19].
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Fig. 12.8 Teardrop sign as a result of an orbital floor
trapdoor fracture OS, coronal view

Trapdoor Fracture of the Orbital
Floor: Findings

Early Findings

Clinical symptoms:

— Few/absence of peri-orbital signs of facial
trauma (ecchymosis), subconjunctival
hemorrhage (white eyed orbital fracture)

— Pain/decreased sensation infraorbital nerve
supply region

- Lack of enophthalmos

— Marked impaired ocular mobility: limited
vertical gaze (Fig. 12.9)

— Head posture (torticollis) to counteract double
vision (Fig. 12.10)

—  More rarely: oculo-cardiac/oculo-vagal reflex as
a result stimulation of the ophthalmic division
NV—afferent reticular formation—visceral
motor nuclei N Vagus: efferent limb to cardiac
system [7, 16—-19]. There also may be traction
on baroreceptors potentially present in the
orbital soft tissue

— Nausea-vomiting-vertigo/bradycardia-
hypotension/syncope (watch for potential
arrhythmias)

As explained above, due to the elasticity of the
bone in children and the ability to recoil, impact
to the orbit results in a pure and linear fracture of
the orbital floor and peri-orbital content may
become entrapped resulting in an acute restric-

tion of eyeball elevation: the patient experiences
double vision.

Once the peri-orbital lining is disrupted, extra-
conal fat and the highly organized connective tis-
sue septa, an accessory locomotor system can
herniate in pathologic circumstances like blow-
out fractures and can account for the motility dis-
turbances in these cases [20]. As a result, upward
gaze is severely restricted and can luxate the ocu-
locardiac reflex. Posturing of the head will reduce
the diplopia. Traction on the orbital soft tissue,
the extra ocular muscles (EOM) or peri-orbital
fat lining stimulates the afferent ophthalmic divi-
sion of NV resulting in nausea, vomiting and a
vaso-vagal (including bradycardia-syncope) as a
response [3, 6, 16—19]. The nausea may be con-
fused with concurrent head injury i.e., concus-
sion. Spontaneous resolution is highly unlikely,
surgical intervention should be employed prefer-
ably within 12-24 h [1, 3, 19, 21-24]. As stated
above, a typical “finding” is the just subtle or
absence of skeletal radiological CT findings
which may lead to misdiagnosis (Fig. 12.7).
Despite multislice (1.0 mm thickness, 1.0 mm
increment) computed tomography, CT images
are restricted in revealing orbital soft tissue
entrapment [18, 24]. In the examination of the
patient, the clinical presentation often with
marked limitation of globe elevation should out-
weigh  the radiographical  (non)findings
(Figs. 12.7 and 12.9a, b). When in doubt, an addi-
tional MRI can depict more precisely the extent
and differentiation of the injured orbital soft
tissue.

Late Findings

When no proper surgical intervention is carried
out within time, as a result of persisting ischemia,
necrosis of herniated, incarcerated orbital soft tis-
sue may develop [4, 18, 21, 23-25]. This is espe-
cially true for connective tissue septae, orbital fat
and fascial muscle sheet. Fibrosis and finally
scarring result in persisting or potentially perma-
nent vertical motility restriction of the globe [21,
23, 24, 26, 27]. Ischemia of developing orbital
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Fig. 12.9 (a) Preoperatively clinical view: primary gaze. (b) Preoperatively clinical view: limited upward gaze OS

Fig. 12.10 Young boy with torticollis, compensatory
head tilt to limit double vision

soft tissue and EOM tissue is more likely to result
in incapacitating ocular motility: one can assume
that the growing potential to an adult structure is
irreversibly interrupted by the longer standing
incarceration or strangulation of especially infe-
rior oblique-inferior rectus muscle resulting in a
complication very difficult to correct. It is
reported that, in the younger patient group, diplo-
pia takes more time to resolve and that they have
more persistent problems [6, 28]. So, if left
untreated, permanent restriction in ocular motil-
ity may result.

In some cases, patients are referred after sev-
eral weeks; meanwhile, the patient may develop a
torticollis to compensate for the double vision
(Fig.12.10).

Variations in Orbital Wall Fractures

Blow-Up Fracture, Blow-In Fracture

A blow-up fracture involves the superior dis-
placement of the orbital roof into the anterior cra-
nial fossa [4]. A blow-in fracture describes an
inferior displacement of the orbital roof [4]. In
case of an orbital roof fracture, watch for dis-

placement and possible accompanying dural tear-
ing resulting in a possible leptomeningeal cyst
(encephalocele) or (progressive) pulsatile exoph-
thalmos; proptosis, vertical dystopia may
develop. Rarely, a progressive, growing orbital
roof skull fracture is seen, which may still
develop months after head injury has occurred [2,
8,9, 29, 30].

Pure Versus Impure Orbital Floor

Fracture

A distinction can be made between a pure or indi-
rect (solely orbital floor fracture) and impure or
direct (orbital floor in conjunction with other
fractures) orbital floor fracture [2].

Open Door Fracture Versus Trapdoor
Opposite of the trapdoor fracture is the “open
door” fracture, a floor fracture without entrap-
ment which is more common in de adult popula-
tion [2]. When the children grow older, chances
of an open door, blowout fracture increase and
enophthalmos may result. The term “blow-out”
fracture had already been introduced by Smith
and Regan in 1951 [14].

Medial Wall Fracture
The medial wall fracture in older children is simi-
lar to adults and is described in Chap. 10.

Complex (Multi) Fracture

Orbital fractures can of course also be part of a
complex Naso-Orbito-Ethmoid (NOE) fracture, a
midface Lefort fracture (<5%) or a relatively
simple zygomatic complex fracture (16%), fortu-
nately rare in younger children [2, 7].
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Tests and Treatment Principles

The management of growing individuals who
present with an orbital fracture requires a cus-
tomized approach, adjusted according to the
growing individual. In the evaluation of the
patient, apart from a change in vision, critical
aspects consist of globe motility disturbances and
enophthalmos or hypoglobus.

Thorough examination by the OMF surgeon,
the ophthalmologist and orthoptist should be car-
ried out (Fig. 12.11a). However, a complete
examination can be difficult to obtain in the
young, sometimes obstinate uncooperative
patient. A “white-eye” orbital fracture may even
lead to denial diagnosis and doctor’s delay in
adequate treatment [25, 26]. A CT scan should be
obtained in case of suspicion of an orbital wall
fracture. Displacement of bone structures pro-
vides a simple diagnosis but often the findings in
children are limited to a tear-drop sign (Fig. 12.8).
Moreover, CT images may also incorrectly deny
the existence of a fracture (Fig. 12.7). A 3D
reconstruction can support a more accurate diag-
nosis. Nonetheless, the clinical findings are in the
lead when it comes to a treatment plan.

When no acute enophthalmos, hypoglobus,
diplopia or entrapment is present, these fractures
can be treated conservatively, closely monitored
during surveillance. When diplopia is present,
orthoptic evaluation is mandatory prior to sur-
gery to classify the extent of the motility disorder
and compare these initial findings with future
recovery development (Fig.12.11a—c). When on
initial presentation, there is double vision in
many or all directions, this is most likely to be
caused by swelling i.e., oedema instead of
entrapment of orbital soft tissue. Allow some

time to recover and follow closely. When double
vision is seen in just a few or one direction,
entrapment is the most obvious diagnosis which
warrants immediate intervention [24, 29]. Once
entrapment is diagnosed, surgical intervention of
especially the incarcerated tissue should be done
within 12-24 h [1-4, 7, 14, 15, 19, 21, 24, 25,
27]. The primary goal is to release the entrapped
orbital soft tissue (Figs. 12.12 and 12.13).
Because of the recoil of the linear trapdoor frac-
ture, there is hardly any need to restore the orbital
floor in such cases (Fig. 12.13). If intervention is
carried out instantly, a complete recovery within
days is very likely (Figs. 12.11c and 12.14a, b).
Another indication for immediate or early inter-
vention is the presence of acute enophthalmos
>2 mm and hypoglobus. The Hertel exophthal-
mometer is used to measure the extent of the
enophthalmos.

When during follow-up the initial (peri)orbital
swelling has subsided and clinical signs and
symptoms of limited recovery of ocular motility
or enophthalmos >2 mm and hypoglobus become
apparent, early intervention (2—14 days) may be
indicated. Again, the definition, measurement
and reduction of double vision i.e., diplopia
should always be objectivated by careful orthop-
tic evaluation [31].

Delayed intervention (2-3 weeks) may be per-
formed when there is insufficient recovery of
double vision. However, a delayed or late inter-
vention will generally result in a poorer outcome,
especially in the younger generation. Moreover,
the high bone and soft tissue turnover in the
younger patient group challenges the interven-
tion at a later stage.

Late enophthalmos can be an indication for
late intervention (>3 weeks).

Fig. 12.11 (a) Orthoptic evaluation: Hess preopera-
tively: severe limitation of upward gaze OS, confined
limitation of depression OS, near (30 cm distance) little
exophoria, small right—hyperphoria (no double vision),
far (5 m distance) little right—hypertropia (double vision),
overshoot upward gaze OD. (b) Orthoptic evaluation:

»
'

Hess 2 weeks postoperatively, restore eye motility, how-
ever not yet complete recovery upward gaze OS, recovery
limitation of depression OS, still some overshoot OD. (¢)
Orthoptic evaluation: Hess 3 months postoperatively, full
recovery of limitation of elevation OS
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Fig. 12.12 Intraoperative view orbital floor OS: herni-
ated, incarcerated orbital soft tissue in linear trapdoor
orbital floor fracture (patient Fig. 12.9)

Fig.12.13 Intraoperative view orbital view OS: retrieved
orbital soft tissue from linear trapdoor orbital floor frac-
ture (patient Fig. 12.9)

Fig. 12.14 (a) Postoperatively 2 weeks: primary gaze: binocular single vision. (b) Postoperatively 2 weeks: recovery

limitation elevation OS

When treatment is indicated, even in children,
a transconjunctival approach gives ample access
to the orbital floor. Nevertheless, when surgically
intervening in the growing orbit, we should
always keep in mind that the orbital wall mor-
phology is different in children and further devel-
opment is still to come [1, 32].

Releasing the entrapped soft tissue will often
be enough treatment; orbital floor reconstruction
is seldom necessary. If a larger floor defect needs
coverage to prevent recurrence of herniation, we
preferably use an autologous graft. The autolo-
gous grafts are instantly available, have ideal
mechanical properties, revascularization poten-
tial and adaptation to orbital tissue with a mini-
mal immune response. In the growing individual,
we are hesitant to use foreign or non-degradable
materials. We tend not to use alloplastic materi-

als, there is an increased rate of infection and
possible migration of the reconstruction material.
Screw fixation of Med Por or titanium plates
(mesh) should be avoided in the growing indi-
vidual [4]. Resorbable materials are more suit-
able but may cause an inflammatory response
during the resorption process which negatively
affects the surrounding orbital soft tissue [33].
Intra-operatively, a presurgical and postsurgical
forced duction test is conducted (Fig.12.15).
Postoperatively, neurologic, ophthalmologic and
orthoptic follow-up are necessary. Instructions
are given not to blow the nose and patients are
cautioned to avoid sneezing: both can cause sub-
cutaneous or intra-orbital emphysema. Generally,
if surgical intervention is carried out in time, a
good final outcome can be expected
(Fig. 12.16a-g).
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Fig. 12.15 AO illustration of forced duction test (with permission from AO Foundation)

Post-operative Warning Signs

Increasing pain or reduced visual acuity or inad-
equate pupil reaction require instant re-
examination and exploration. A compartment
syndrome of the orbital apex or retrobulbar hem-

orrhage is a serious threat for vision. Orbital roof
fractures can be associated with a fracture of the
anterior skull base, the dura lining may be torn
resulting in CSF leakage. Thus, in the long term,
the development of a growing orbital roof frac-
ture is exceptional [29].
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Fig. 12.16 (a) Postoperatively 2 years: primary gaze:
binocular single vision. (b) Postoperatively 2 years:
abduction, single vision. (¢) Postoperatively 2 years:
adduction, single vision. (d) Postoperatively 2 years: ele-
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Introduction

Loss of vision is the most dramatic outcome of
disorders of the eye and of orbital trauma and
orbital diseases. One of the most common causes
of loss of vision is trauma or disease of the eye-
ball itself, such as perforation of the cornea or
globe, inflammation of the globe (endophthalmi-
tis) or massive intraocular hemorrhage, but these
conditions are beyond the scope of this book.
Brain trauma or diseases may also result in blind-
ness. Here, we will focus on situations that may
cause blindness, which are located outside the
globe itself and are due to changes of the optic
nerve. The optic nerve is sensitive for shock and
compression. Blunt trauma of the orbit can cause
blindness due to contusion of the optic nerve. A
number of intraorbital changes, that give an
increase in intraocular tension may cause optic
neuropathy, eventually leading to loss of visual
functions.

Traumatic Optic Neuropathy

Even rather mild contusion of the orbit can cause
optic neuropathy, which is thought to be the result
of a transmitted shock to the optic canal resulting
in edema of the intracanalicular part of the optic
nerve, compression, ischemia and loss of axons.
This condition is called indirect traumatic optic
neuropathy (TON) and can stand alone or present
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in combination with orbital fractures. The term
direct TON is reserved for situations in which
after trauma, orbital bony fragments have injured
the optic nerve. The majority of patients with
TON are young males [1].

Patients with TON complain of blurred vision,
and/or decreased color vision, and/or decreased
visual field. On inspection, the pupil on the
affected side is wide and not responding to light
or a RAPD (Chap. 7) is present. After some
weeks to months, the optic nerve head can
become pale as a sign of atrophy.

In order to decease optic nerve edema, patients
with TON have been treated with high doses of
prednisone or with optic canal decompression,
but neither appeared to result in a better outcome
than no treatment at all (e.g., observation) [2, 3].
Moreover, the Corticosteroid Randomization for
Acute Head Trauma (CRASH) trial found an
increased rate of death among patients with acute
head trauma treated with high-dose corticoste-
roids compared to placebo-treated patients [1].
Hence, no treatment exists at this time for patients
with TON. However, some spontaneous improve-
ment is to be expected in up to 57% [2].

Retrobulbar Hemorrhage

A so-called retrobulbar hemorrhage (RH) in fact
is a bleeding that can occur at any place in the
orbit and not just posterior to the globe. Because
the orbit is surrounded by bony walls at the
medial, lateral, superior and inferior side and by
the orbital septum in the front, a compartment
syndrome with increasing intraorbital pressure
develops if the intraorbital volume increases.
Typical causes of increasing intraorbital volume
are enlargement of the extraocular muscles and
fat increase as seen in patients with Graves’ orbi-
topathy (Chap. 14), subperiosteal empyema and
orbital abscess in retroseptal orbital cellulitis
(Chap. 17) and hemorrhages due to orbital vari-
ces or venous malformations and to orbital
trauma. RH after retrobulbar nerve blocks for
intraocular surgery have been reported in 55 out
of 12,500 patients, e.g., in 0.44% [4]. RH causing
blindness has been described after elective sur-

gery, such as, orbital decompression, blepharo-
plasty and even after fine-needle aspiration
[5-8].

Patients with RH complain about extreme
pain and blurred vision. On inspection, there is
swelling of the eyelids, increasing exophthalmos,
impaired motility, a RAPD that turns into a wide
pupil not responding to light and finally a tight
orbit with no light perception.

The best option for treatment is a lateral can-
thotomy and inferior cantholysis of the lateral
ligament. The upper and lower lid are cut in a
skin fold with sharp scissors in the lateral angle,
where the eyelids fuse (Fig. 13.1).

One blade of scissors is then placed under the
lower arm of the lateral canthal ligament and cut.
Immediately, the lower lid gives way and the
intraorbital tension decreases followed by a nar-
rowing of the dilated pupil. Local anesthesia is
not necessarily used. Infiltration with anesthetic
fluid takes time and would increase the pressure
even more. In addition, the pain caused by the cut
is quickly compensated as the pain caused by the
high pressure decreases [9, 10]. This wound usu-
ally heals beautifully even without stitches.
Cantholysis for RH should be done as soon as
possible if a tight orbit is found. RH can occur
together with other manifestations of orbital
trauma such as orbital fractures. Further clinical
and radiological evaluation of the patient, how-
ever, should be postponed until a cantholysis has
been performed.

Cantholysis is generally advised to do within
24 hours after the onset of the proptosis, but we
have seen patients with a complete recovery of
visual functions, who had been operated after

Fig. 13.1 Lateral cantholysis
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more than 24 hours. So, it is worth the effort to do
a cantholysis in any patient with a tight orbit [11].
The significance of a cantholysis in a tight orbit is
comparable to a tracheotomy in obstructed air-
ways. Tracheotomy saves lives; cantholysis saves
eyes.

An alternative for a cantholysis is a horizontal
incision through the eyelid halfway the lid mar-
gin and the eyebrow. The cut should have a length
of 1-2 cm and be deep enough to pass through
the orbital septum (Chap. 22), which will be
apparent from a prolapse of pre-aponeurotic fat
through the wound. Steroids or tension lowering
eyedrops are of little use. If no or insufficient
response is seen after cantholysis or incision of
the orbital septum, other causes of optic injury
have to be excluded and orbital decompression
can be considered.

Conclusion

It must be clear that the clinician should be alert
on signs and symptoms of trauma or compression
of the optic nerve which often warrants immedi-
ate intervention. Depending on the cause of the
optic nerve damage, decompression and or ste-
roid therapy can be considered.
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Graves’ Disease: Introduction

Maarten P. Mourits

Learning Objectives

e Graves’ orbitopathy is a common auto-
immune disease that affects women 5-6
times more than men.

e The natural course of Graves’ orbitopa-
thy is characterized by a phase of
increasing severity, a plateau phase and
a phase of decreasing severity.

e Graves’ orbitopathy starts with an
increase of extraocular muscle volume,
which is usually accompanied by signs
of inflammation.

* Smoking, old age, high antibody levels
and male gender are the most important
risk factors to develop severe Graves’
orbitopathy. Thus, women more often
have GO than men, but when men have
GO, they mostly have a more severe form.

Incidence, Nomenclature, History

With an estimated incidence of 45 (36.8 females,
8.3 males) per 100,000 persons per year, Graves’
disease (GD) is the most common autoimmune
disease [1]. GD (or: Basedow’s disease) serves as
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an umbrella term for Graves’ thyroid disease,
Graves’ eye/orbit disease, pretibial myxedema,
and acropachy. These subentities can occur
together or separately.

Graves’ thyroid disease (GTD) is the most fre-
quent of them. Although the cause is still
unknown, the body produces TSH-receptor-
binding immunoglobulins (TBII) which either
stimulate, suppress or do not influence thyroid
function. As a result, circa 85% of patients with
GTD are hyperthyroid, 5-10% are hypothyroid,
and the remainder are euthyroid.

Depending upon the criteria used, approximately
50% of GD patients have Graves’ eye/orbit disease,
called Graves’ Orbitopathy or Ophthalmopathy in
most European countries (GO), Thyroid Associated
Orbitopathy (TAO) in the UK, and GO or Thyroid
Eye Disease (TED) in the United States of America.

Pretibial myxedema, that is reddish, thickened
areas on the lower legs, often associated with
pruritis, and acropachy, i.e., soft-tissue swelling
of the hands and clubbing of the fingers due to
periostitis of the metacarpal bones, is rare. When
present together with GO, the symptoms are usu-
ally more severe [2].

The oldest descriptions of what we now call GD,
among which a combination of goiter, tachycardia
and exophthalmos, the so-called Merseburger trias,
are from the Welshman Caleb Hillier Parry (Fig. 14.1,
1786, published in 1825), the Dubliner Robert James
Graves (Fig. 14.2, 1835) and the German Carl
Adolph von Basedow (Fig. 14.3, 1840).
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Fig. 14.1 Caleb Parry (taken from Wikipedia—public
domain)

Fig. 14.2 Robert Graves (taken from Wikipedia—public
domain)

Fig. 14.3 Carl von Basedow (taken from Wikipedia—
public domain)

Temporal Relationship Go with GTD,
Risk Factors

The majority of patients develop GTD and GO
within a time span of 12 months; in a minority of
patients, the onset of the eye complaints precedes
the thyroid disease, whereas in some more
patients, the eye disease starts after the onset of
GTD. Approximately, 15% develop GO more
than 5 years after the onset of their GTD [3].
Patients may develop GO in the absence of
hyperthyroidism. This is called euthyroid GO.

GO is 5-6 times more frequent in females.
Although GO may start at any age (from 0 to
100), it is most frequent in women between 30
and 60 years of age. Men often develop GO at
older age and suffer from more severe forms. GO
at childhood is extremely rare; soft tissue involve-
ment and proptosis are the more frequent signs in
children with GO [4].
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Risk factors to develop GO are as follows
1. Smoking [5]

2. Female gender

3. Radioactive iodine treatment [6]

4. Iatrogenic hypothyroidism [6]

Risk factors to develop severe GO are as

follows

. Smoking

. Male gender

. Old age

. Concomitant diabetes mellitus [7]

. Concomitant pretibial dermopathy and/or
acropachy [2]

6. High antibody titers [8, 9]

WD A W =

Natural Course

As Rundle described in 1957 [10], untreated GO
has a biphasic course. It starts with a period of
increasing severity, then reaches a plateau phase
and subsequently a phase of spontaneous
improvement (Fig. 14.4), although a complete
disappearance of symptoms and signs is mostly
not to be expected.

The initial phase is called the active phase and
is usually accompanied by signs of inflammation,
such as red, swollen eyelids, pain and worsening
(Chap. 15). During the inactive phase, signs of
inflammation disappear; exophthalmos, eyelid
retraction and motility impairment (might)
remain. The duration of the several phases varies

Fig. 14.4 Natural
course of GO: severity
versus time

Active phase

considerably. A total length of 3-5 years is no
exception.

Exophthalmos in GO is the result of two path-
ological processes in the orbit: an increase of
orbital contents by neo-adipogenesis and an
increase of muscle volume (Fig. 14.5). Recently,
we have studied the course of mild GO in terms
of volume changes. We, therefore, had adopted
and validated a CT-based method (Mimics,
Materialise) for the calculation of orbital soft tis-
sue volumes [11]. We found that an increase in
muscle volume is an early phenomenon and coin-
cides with inflammatory changes. After about 1
year, muscle volume deceases slightly (with
1 cm?), but fat volume starts to increase over the
next 4 years (with almost 2 cm?) and then stabi-
lizes. Interestingly, this fat volume increase does
not seem to be related to inflammatory changes
[12].

Differences in the duration and severity of
these two processes might explain the different
presentations of GO. Of interest is also that
smoking is associated with both muscle volume
increase and inflammatory changes [13].

A strong relationship has been found between
smoking and the severity of GO (Fig. 14.6) [5].

In 95 newly diagnosed patients with GO, we
found that in 25% of them, the muscle and fat
volumes were within the limits of normalcy; 61%
of the patients only had an increase of muscle
volume, 5% only an increase in fat volume and
9% demonstrated an increase in both muscle and
fat volume [14].

Severity of Thyroid eye disease

Inactive phase

Time —



268

M. P. Mourits

Fig. 14.5 Exophthalmos in GO due to fat (left) and muscle (right) volume

Severity of Graves’ orbitopathy

1-3 sig/day

; =)

Mo Smoking

>20 sig/day >30 sig/day

Odds ratio’s between smoking habbits

Fig. 14.6 Smoking (X-axis) versus disease severity (Y-axis) after Prummel et al. (1993) [5]

Auto-antibodies, such as TBII, correlate with
the severity and activity of GO [15, 16] and have
prognostic significance for the course of GO
[16]. Iatrogenic hypothyroidism and treatment
with radio-active iodine may worsen the orbitop-
athy [17, 18].

Once GO has burnt out, it is unlikely to flare
up again. However, we have seen recurrences as
late as 7 years after the first episode [19].

During pregnancy, TBII serum levels decrease
and the orbitopathy declines. However, post-
partum antibody titers often increase to levels
that exceed pre-pregnancy values and can cause a
recurrence of GO and a clinical relapse of disease
activity [20].
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Diagnosis of Graves’ Orbitopathy

Maarten P. Mourits

Learning Objectives

e There is an abundance of symptoms and
signs in  Graves’ orbitopathy.
Nevertheless (or because of this), the
diagnosis can be challenging

* In order to start the right treatment, the
patient must be classified in terms of
disease severity and activity

* The orbitopathy has a huge impact on
the life of patients with Graves’ orbi-
topathy. Generally, the changed appear-
ance is perhaps the most significant of
all aspects of Graves’ orbitopathy,
although not every patient would easily
admit that

Symptoms and Signs

Undoubtedly, exophthalmos is the best-known
sign of patients with Graves’ orbitopathy (GO). It
occurs in 60% of patients diagnosed with
GO. Exophthalmos means an axial globe posi-
tion above the limit of normal (Chap. 7). However,
upper eyelid retraction is more common and is
seen in at least 90% of the patients [1-3]. The
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combination of eyelid retraction and exophthal-
mos is responsible for the change in externality.
The resulting ‘startling appearance’ is the source
of social disregard and reduced self-acceptance.
Patients avoid being photographed and feel they
do not look what they are or were.

Frank upper lid retraction may be preceded by
scleral show in downgaze, called von Graefe’s
sign: when looking downward, the upper lid is
not exactly following the eyeball and the white
sclera above the corneal limbus (or iris) becomes
visible.

Due to the increased surface of the eye
exposed to the outside world, the eye starts to feel
gritty, may start tearing spontaneously, while
bright light is less tolerated (photophobia). The
patient tries to compensate for these inconve-
niences by squeezing with the eyelids, which in
turn leads to frowns on the forehead and nega-
tively contributes to the changed appearance
(Figs. 15.1 and 15.2). Apart from upper lid retrac-
tion, there may be lower lid retraction and lag-
ophthalmos (the eyes cannot be closed
completely), which contributes to the evapora-
tion of the tear film, eventually resulting in break-
down of the corneal epithelium. If not treated
adequately and in time, a corneal ulcer may
develop that can cause permanent blindness.

In the next phase, the eyelids become swol-
len, either due to edema or to an increase of fat
tissue. The conjunctiva also becomes swollen
(chemosis), and epibulbar blood vessels dilate,
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Fig. 15.1 Historic photograph of a woman with upper lid
retraction and exophthalmos. Note the frowns on her fore-
head (taken from Wikipedia—public domain)

Fig.15.2 Male patient with severe and vision-threatening
GO: extreme proptosis, eyelid retraction and swelling. He
reported a markedly decreased quality of life

causing a reddish appearance. Around 40% of
GO-patients show motility impairment. Because
the inferior rectus muscle is most often involved,

an elevation impairment is most frequently
seen. When the inferior rectus of both eyes is
equally involved, the patient will compensate
for the inability to elevate her/his eyes by keep-
ing the head back (torticollis). This head pos-
ture may (wrongly) be perceived as an arrogant
attitude. When the inferior recti muscles are
unequally affected, double vision becomes inev-
itable as long as both eyes have good vision.
Apart from vertical impairment of eye move-
ments, motility reduction can occur in any
direction of gaze.

In the most severe presentation of GO, called
Dysthyroid Optic Neuropathy (DON) [4], a num-
ber of symptoms become evident that are related
to compression or stretching of the optic nerve
due to increased soft tissue volumes in the orbit.
These are reduced color vision (especially in the
blue/yellow axis), reduced visual acuity, reduced
visual fields and—in case of predominantly uni-
lateral GO—a Relative Afferent Pupil Defect
(RAPD; the pupil at the most affected side
becomes larger rather than smaller when illumi-
nating each eye alternately). Ophthalmoscopy
shows a swollen optic nerve head and choroidal
folds.

The most distressing sign of GO is globe luxa-
tion: the globe becomes positioned anterior to the
eyelids. This can happen with sagging eyelids.
Gentle pressure puts the eye back in place.

Typical of GO is the diversity of clinical signs
and symptoms. Typical also is the asymmetry. GO
is the most common cause of bilateral, but also
of unilateral, exophthalmos. But even in bilateral
GO, the presentation of the two sides may differ
considerably.

Diagnosis, Imaging and Differential
Diagnosis

Despite the multitude of symptoms and signs, a
diagnosis of GO remains difficult. In 70% of
patients referred to a specialized center for
Graves’ disease, the question was: ‘Is this GO?’
In such a center, an ophthalmologist together
with an endocrinologist were able to rule out GO
in about 10%, and to confirm GO in >80%.
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Diagnosis of GO is based on the combination of
the following items:

1. Upper lid retraction

2. Exophthalmos

3. Eye movement reduction, especially elevation
restriction

4. (Family) history of Graves’ disease

5. Enlarged extraocular muscle(s) on CT scan or
MRI scan

6. Presence of auto-antibodies: TSH-receptor-
binding immunoglobulins (TBII), thyroid per-
oxidase antibodies (anti-TPO)

Eyelid swelling is deliberately not included in
this list, because it is a non-specific sign which
can also be seen in healthy elderly people and is
often seen in smokers. Strict criteria for a defini-
tion of eyelid swelling do not exist, and therefore,
the prevalence of eyelid swelling is unknown.
However, it is important to consider GO in
patients with non-understood eyelid swelling,
even when other manifestations of GO are
lacking. Blepharoplasty to correct eyelid swell-
ing in patients with a beginning GO easily results
in eyelid retraction and it will be difficult for the
surgeon to explain afterwards that eyelid retrac-
tion would have occurred anyway (e.g., without a
previous operation).

As described above, the following items are

paramount in the diagnosis of GO

1. Upper eyelid retraction can be congenital or
the result of a contralateral blepharoptosis. It
can also be caused by eyelid fibrosis second-
ary to trauma or surgery. It is sometimes seen
in patients having undergone a (too enthusias-
tically performed) blepharoplasty.

2. Exophthalmos is seen in many conditions,
such as shown in Chap. 7. The combination of
upper eyelid retraction and exophthalmos is
extremely suggestive for GO. In contrast, the
combination of blepharoptosis and exophthal-
mos is highly suggestive for other diseases
than GO.

3. Acquired motility impairment with or without
diplopia is also very suggestive for GO. In the
early stages, patients typically complain about

double vision in the early morning or when
tired. Another cause of acquired double vision
is a palsy of the fourth cranial nerve (trochlear
nerve), seen after trauma, in patients with dia-
betes mellitus or otherwise healthy, though
elderly people. In contrast to patients with
GO, in order to compensate for their double
vision, they tilt their head down.

. GO is assumed to originate from genetic

mutations that predispose to disease and inter-
act with environmental factors, such as infec-
tions, through epigenetic modification [5].
Whether true or not, GO is seen in families
with kinswoman that have or have had GD far
more frequently than expected by coinci-
dence. Obviously, the presence of GD in rela-
tives, only supports, but does not prove GO.

. As discussed above, extraocular muscle

enlargement is an early phenomenon and
occurs in up to 70% of the patients [6]. The
inferior and medial recti are most frequently
involved. One or more muscles may be
enlarged, but it is uncommon for the lateral
rectus muscle to be solely enlarged (in con-
trast to the inferior and medial recti). In con-
trast to myositis, in which the lateral rectus
muscle is often affected as the only extraocu-
lar muscle, the tendons of the muscles in GO
are not thickened. Enlargement of the tendons
together with evident pain is very suggestive
for myositis or other forms of idiopathic
orbital inflammation (Chap. 5). Swelling of
the extraocular muscles can also be seen in
caroticocavernous fistulas. The muscles are
swollen due to congestion.

. Both CT and MRI scans are helpful in making

a diagnosis of GO. CT scans have the advan-
tage of a clear visualization of the orbital
bones, which is useful in preparing for orbital
decompression. The disadvantage is the irra-
diation burden. MRI scans have no radiation
burden at all and can help to distinguish
between active and burnt-out GO (see next
session). Both CT scans and MRI scans show
enlargement of the extraocular muscles, api-
cal crowding and stretching of the optic nerve
and tenting of the posterior sclera, when pres-
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ent. Moreover, these scans also help to rule
out other diseases than GO. TBII and/or anti-
TPO serum levels are elevated in more than
95% of patients with GO [7].

Severity

In each patient with GO, the disease severity
grade and the activity stage have to be assessed.
For grading the disease severity, the Werner’s
NOSPECS classification has been used [8], but
the EUGOGO classification is easier and proba-
bly more relevant [3]. Three classes of severity
are distinguished:

1. Mild GO: There are only mild symptoms and
signs that are not or hardly interfering with
daily life activities. These could be eyelid
retraction, mild proptosis, mild motility
impairment without significant diplopia and/
or mild corneal involvement (stippling of the
corneal epithelium). Approximately, 60% of
all patients with GO have this mild form.
Treatment consists of lubricants and dark
glasses. Smoking must be discouraged.
Otherwise, a wait-and-see policy is justified.
If there are signs of disease activity, selenium
can be considered [9]. When the situation is
stable for 6 months, corrective surgery can be
started.

2. Moderate GO: There is significant eyelid
swelling and/or proptosis. Evident restriction
of eye movements causes torticollis and/or
diplopia. Daily life activities are seriously
affected. Around 35% of patients seen at ter-
tiary referral centers suffer from this form.
Especially in this group, assessment of dis-
ease activity is of the utmost importance.
Patients with active GO are initially treated
with immunosuppressive therapy. When the
disease has become or is stable, rehabilitating
surgical steps can be undertaken.

3. Severe or vision-threatening GO: Also
called Dysthyroid Optic Neuropathy (DON)
[5]. Due to extreme swelling of the orbital
soft tissues in combination with a tight
orbital septum and subsequent raised intra-

orbital pressure [10], the optic nerve
becomes stretched or compressed, eventu-
ally leading to blindness. This is an excep-
tional form, which only occurs in about 5%
of patients. Interestingly, the amount of pro-
ptosis is usually not excessive. A tight
orbital septum is believed to prevent auto-
decompression, thus causing less exoph-
thalmos and DON [11]. Patients with DON
always have active GO. Immediately,
immunosuppressive treatment should be
started. When there is no or an insufficient
response, orbital decompression should be
performed. Even in patients with longstand-
ing blindness due to DON, orbital decom-
pression may result in the return of vision.
A corneal ulcer can also lead to vision loss.
In countries with good and accessible health
care, it is rarely seen. Finally, globe luxa-
tion is also vision-threatening and needs
immediate correction.

Activity

Also, the disease activity has to be scored. As dis-
cussed above, the initial phase of Rundle’s curve
is associated with inflammation and worsening of
signs and symptoms.

Immunosuppressive treatments, such as glu-
cocorticosteroids or orbital irradiation, are
thought to be effective only in the active stage of
the disease. On the other hand, certain surgical
treatments, such strabismus surgery, should only
be undertaken when the disease is quiet and no
changes have been observed for at least
3—6 months. Thus, it is important to distinguish
patients who have active and patients who have
burnt-out GO. Patients with moderate or severe
as well as active GO should be treated with
immunosuppressive therapy, whereas patients
with burnt-out GO can be scheduled for surgical
intervention(s).

To assess the activity of GO, the Clinical
Activity Score (CAS) has been developed [12].
The CAS (Table 15.1) is based on the classic
signs of inflammation, e.g., rubor (redness), dolor
(pain), tumor (swelling) and function laesa
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Table 15.1 The Clinical Activity Score (CAS) for GO by
Mourits et al. (1989) [12]

Pain

1. Painful, oppressive feeling on or behind the
globe
2. Pain on attempted up-, side- or downgaze

Redness

3. Redness of eyelids
4. Diffuse redness of the conjunctiva
Swelling

5. Chemosis (edema of the conjunctiva)

6. Swollen caruncle or plica
7. Edema of the eyelids
8. Increase of proptosis of »2 mm in the last
1-3 months
Impaired function
9. Worsening of motility in any direction of »5° in
the last 1-3 months
10. Decrease of visual acuity of »1 line on the
Snellen chart in the last 1-3 months (using a
pinhole)

Fig. 15.3 A 40-year-old female with active GO: pain,
eyelid swelling, redness conjunctiva and chemosis;
CAS=4

(impaired function). The fifth classic sign of
Celsius has not been included, because the CAS
is a clinical score, that—for the sake of conve-
nience—should be applied without special instru-
ments such as a heat detector (Figs. 15.3 and
15.4).

For each of the signs present, one point is
given. The sum of these points defines the activ-
ity score. Items 1-7 can be scored after one visit;
items 8—10 require at least two subsequent visits
with an interval of at least 1 month.

Our initial study showed that patients with a
CAS of three or more out of 10 responded well to
immunosuppressive treatment, while those with
less than three points were likely not to respond
[12]. The CAS has been criticized for several rea-

Fig.15.4 A 44-year-old female with remaining upper lid
retraction and swelling, and unchanged convergent stra-
bismus, in burnt-out GO, CAS =1

sons. Firstly, all features are given equal weight-
ing, and it is not clear whether this is appropriate.
Secondly, the first seven items are subjective.
Thirdly, the scoring is binary. Some improvement
is not sufficient to alter the score of each item.
Dickinson and Perros, therefore, developed for
the EUGOGO a photographic atlas of graded
inflammatory signs, which is available at www.
eugogo.org, to overcome some of these draw-
backs [13]. In spite of its disadvantages, the CAS
has become quite popular and a fixed item of ran-
domized clinical trials [14—16]. With some effort,
observers reached agreement in 86% of cases
[17]. In a subsequent study, we showed that,
using a cut-off point of 4 on a scale of 10, the
positive predictive value of the CAS was 80%,
the negative predictive value 64%, the sensitivity
55% and the specificity 86% [18]. It should be
realized that response to prednisone or irradiation
as a quality measure of the CAS is a derivative
and does not take into account that prednisone is
ineffective in some individuals. We found that
intravenously administered prednisone stabilizes
active GO in 85% and reduces the severity of GO
in 38% of the treated patients. It appears that
some patients do not respond to prednisone at all,
and this becomes clear already after several
weeks [19, 20].

The intrinsic value of the CAS has been fur-
ther established by its relationship with TBII
serum levels, ultrasonography and octreotide
uptake on octreotide scintigraphy, all of which
are considered parameters of disease activity
[21-23]. Over the years, there has been a ten-
dency to use the first seven items of the CAS
only, which has the advantage that a score can be
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assessed on the same day during the first visit.
The 7-item CAS, however, has never been evalu-
ated for its predicting value.

Impact and Quality of Life

The changed appearance, complaints of painful
eyes, double vision and blurred vision have a
major impact on the patient with GO. Parties are
avoided, driving becomes difficult or impossible;
the hot flush caused by the hyperthyroidism can
easily lead to arguments. Not infrequently,
patients with a severe form of GO often lose both
their partner and their job. The long duration of
more serious forms of GO (up to 5 years) plays a
role in this. Patients with GO score their situation
worse than patients with type-I diabetes mellitus
do.

Gerding et al. demonstrated that the quality of
life in patients with GO is markedly decreased
[24]. Forty percent of our patients reports limita-
tions of daily life activities, such as driving a car
or leisure activities, 80% mentions reduced self-
confidence and 44% complains about some kind
of social isolation.

Terwee et al. developed a disease-specific
quality-of-life questionnaire for patients with
GO, the so-called GO-QOL, which is very help-
ful in studies to perceive the disease from the
patient’s point of view [25].
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Introduction

The etiology of Graves’ orbitopathy (GO) is still
incompletely understood, but many aspects of the
pathogenesis have been unraveled over the last
decades. Family members of Graves’ patients have
an increased risk to develop the same disease, and
smoking is a strong risk factor both to provoke GO
and to develop severe forms of GO. The mechanis-
tic explanation of the orbital reshaping in GO is
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now well-understood, whereas significant progress
has been made in our understanding of immuno-
logical and molecular changes leading to GO.

Mechanistic Explanation of Eye
Changes in Graves’ Orbitopathy

The hallmark of Graves’ orbitopathy (GO) is
swelling of extraocular muscles and orbital fat,
evident from orbital imaging with CT-scans or
MRI. Swollen retrobulbar tissues are due to local
inflammation and production of excessive
amounts of hydrophilic glysoaminoglycans (par-
ticularly hyaluronan) causing edema. When the
extraocular muscles are affected, it leads to dys-
function due to a failure of relaxation. It limits
movement into the field of the ipsilateral antago-
nist, which, if asymmetrical, gives rise to double
vision [1]. The human orbit is a tight space, com-
pletely surrounded by bone except anteriorly.
Here, instead of bone, there is a fascial sheet
across the orbital opening called the anterior
orbital septum. Because of the bony surround-
ings, swollen retrobulbar tissues have no other
outlet than pushing the globe forwards causing
exophthalmos [2].

The development of exophthalmos has even
been termed “nature’s own decompression”. A
tight anterior orbital septum might preclude pro-
ptosis and nature’s own decompression, resulting
in higher retrobulbar pressures and optic neurop-
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athy. This mechanism is supported by measuring
retrobulbar pressure with an intraorbitally posi-
tioned micropressure transducer. In GO patients
with sight loss due to dysthyroid optic neuropa-
thy (DON), retrobulbar pressure ranged from 17
to 40 mmHg (mean 29 mmHg) falling to
9-12 mmHg upon decompression; in GO patients
with marked exophthalmos but without DON,
retrobulbar pressure was 9-11 mmHg, with no
reduction upon surgical decompression [3].
Pressure on the optic nerve leads to colour
impairment, altered pupil responses and loss of
vision. In contrast, patients with equivalent intra-
orbital soft tissue swelling but with a lax anterior
orbital septum will “self-decompress” to develop
exophthalmos with no or limited rise in retrobul-
bar pressure. Thus, patients with muscle restric-
tion but without exophthalmos are at risk for
DON [1]. Inflammation in the eyelids causes vis-
ible edema, erythema and festoons. Upper eyelid
retraction is multifactorial, due to a combination
of increased sympathetic stimulation of Miiller’s
muscle, contraction of the levator muscle due to
its direct involvement, and scarring between the
lacrimal gland fascia and levator which specifi-
cally gives rise to lateral flare [1]. Corneal signs
are secondary phenomena: a wide palpebral aper-
ture leads to increased tear evaporation, which
combined with poor blinking causes superficial
punctate erosions and symptoms of surface irrita-
tion [1].

Recent volumetric studies of Caucasian
human orbits have quantified the size of orbital
contents. Bony orbital cavity volume (OV) in
control males is greater than in control females
(28.9 cm® vs 24.9 cm?, p < 0.001); likewise,
orbital fat volume in males is greater than in
females (16.2 cm® vs 14.0 cm?, p < 0.001), and
the same is true for muscle volume (4.2 cm?® vs
3.7 em?, p < 0.001) [4]. The sex difference disap-
pears when applying the ratio of fat volume to
orbital volume (FV/OV 056 =+ O0.11 vs
0.56 = 0.10) and of muscle volume to orbital vol-
ume (MV/OV 0.15 £ 0.02 vs 0.15 + 0.02). There
exists a direct correlation between age and FV/
OV and a weaker indirect correlation between
MV/OV and age, indicating an increase of fat

volume and a decrease of muscle volume with
advancing age [4]. Age-specific reference ranges
of FV/OV and MV/OV ratios could thus be estab-
lished [4]. These data have been applied to a
series of 95 consecutive referrals with untreated
GO. All patients were Caucasians and had defi-
nite GO, but the patient mix was heterogenenous
ranging from mild to severe ophthalmopathy [5].
In 25% of patients, neither FV nor MV was
exceeding the upper normal limit, 5% had only
an increased FV, 61% had only increased MV,
and 9% had both increased FV and MV. It should
be realized that patients without increased fat or
muscle volumes (values lower than the 97.5th
percentile of the reference interval) could have
volumes which increased recently to values still
within the P, 5—Py; 5 reference interval. Comparing
patients with and without increased MV (MV/
OV 0.24 vs 0.16 p < 0.00; FV/OV 0.59 vs 0.60,
NS), patients with increased MV were older
(52 year vs 45 year), had more proptosis (22 mm
vs 20 mm), more impaired ductions (e.g. eleva-
tion 40° vs 45°), higher diplopia scores (1 vs 0),
and higher serum TBII concentrations (9.7 vs
4.2 U/L). Relative to patients without increased
FV, patients with increased FV (FV/OV 0.81 vs
0.57, p < 0.00; MV/OV 0.22 vs 0.20, NS) had
more proptosis (24 mm vs 21 mm) and less dip-
lopia (score O vs 1) [5]. Whereas these associa-
tions make sense, the differential involvement of
orbital fat and extraocular muscle enlargement in
GO remains incompletely understood [6]. It
could exist a number of GO variants, each with a
different immunopathogenesis: one with pre-
dominant muscle enlargement and another with
predominant fat enlargement, and mixtures. An
alternative hypothesis is that the increase in
orbital fat is just a late phenomenon in the natural
history of GO [6]. This view is strengthened by
the finding that a long duration of GO at diagno-
sis is associated with a greater orbital fat volume
as compared to a shorter duration (FV/OV
>1 year 0.65 vs FV/OV <1 year 0.55, p = 0.004),
whereas muscle volume was similar (MV/OV
>1 year 0.22 vs MV/OV <1 year 0.21, NS) [6].
The hypothesis is further supported by a 4-year
follow-up of patients with mild GO who did not
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require specific treatment: fat volume was greater
at follow-up (FV/OV at baseline 0.57 vs FV/OV
at4 year 0.65, p < 0.000) whereas muscle volume
was smaller at follow-up (MV/OV at baseline
0.17 vs MV/OV at 4 year 0.14, p < 0.000) [7, 8].
The swelling of orbital fat appears to be a rather
late phenomenon, in line with the transition of a
subset of orbital fibroblasts into mature adipo-
cytes (adipogenesis) during the immunopatho-
genesis of GO.

Immunopathogenesis of Graves’
Orbitopathy

Orbital fibroblasts (OF) are considered the target
cells of the autoimmune attack in GO. For retro-
bulbar T cells from GO patients recognize autol-
ogous OF (but not eye muscle extracts) ina MHC
class I restricted manner, and proliferate in
response to autologous proteins from OF (but not
from orbital myoblasts). Conversely, OF prolifer-
ate in response to autologous T cells dependent
on MHC class IT and CD40-CD40L signaling [9].
OF are capable, when stimulated, to produce
excessive amounts of glycosaminoglycans
(GAG), notably hyaluronic acid (HA). GAGs are
very hydrophilic compounds and thus attract
much water, resulting in edematous swelling.
GAGs accumulate in the endomysial space
between muscle fibers. There is no increase in the
number of muscle fibers and no ultrastructural
damage to the muscle cells themselves in GO
(except in very advanced cases when some dam-
age may be seen). OF investing the extraocular
muscle fibers and residing within the orbital con-
nective/fatty tissue are heterogeneous cells,
which can be classified based on the presence or
absence of the cell surface glycoprotein CD90
also known as thymocyte antigen-1 (Thy-1) [10,
11]. OF expressing this antigen are capable of
excessive HA production and are abundant in the
extraocular muscles. Conversely, OF within the
orbital connective/fatty tissue are Thy-1 negative
and characteristically undergo adipogenesis
under appropriate conditions.

Immunocompetent cells in the orbital tissues
consist of CD4+ and CD8+ T cells, few B cells,
monocytes, and abundant macrophages [12].
Many of these cells are activated memory cells,
frequently located adjacent to blood vessels.
Macrophages, but also B cells, might present the
responsible autoantigen—most likely the TSH
receptor- to T cells, which are then stimulated to
recognize OF. Activated infiltrating T cells pro-
duce cytokines and chemokines capable of
remodeling orbital tissues. The cytokine profile
in the early stages of GO is predominantly
derived from T,1 cells, whereas cytokines are
mostly derived from T2 cells in patients with a
GO duration >2 years [13]. Data suggest GO is
primarily a T-cell mediated disease, initiated by
the migration of T-helper cells into the orbit.
Cytokines induce expression of immunomodula-
tory proteins on orbital endothelial cells and
fibroblasts, such as HLA, hsp-72 and several
adhesion molecules, generating T-cell migration.
Cytokine-activated OF synthesize chemo attrac-
tants, IL6 and RANTES, perpetuating the
immune attack.

Macrophages may present antigen to T-cells
(CDA40L) through provision of costimulatory and
proinflammatory cytokines. Activated T-cells
bind to CD40+ fibroblasts, inducing proinflam-
matory compounds (like cytokines, COX2,
PGE2) and excessive GAG production. A subset
of OF may differentiate into mature adipocytes,
associated with increased expression of TSH
receptors [14].

Fibrocytes are bone marrow derived cells
from the monocyte lineage, expressing CD45,
CD34, CXCR4, collagen 1, Tg and functional
TSH receptors. Circulating fibrocytes are highly
abundant in GO patients, and seem to infiltrate
orbital connective tissue where they might transi-
tion to CD34+ OF [15]. Teprotumumab, a human
monoclonal IGF-1R blocking antibody, attenu-
ates the actions of IGF-1 and TSH in fibrocytes;
specifically, it blocks the induction of proinflam-
matory cytokines by TSH [16]. It raises the ques-
tion about the nature of the autoantigen in Graves’
orbitopathy.
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TSH Receptors Are the Major
Autoantigen in Graves’ Orbitopathy

TSH receptors (TSHR) in human retrobulbar tis-
sues were detected in 1993, in GO patients to a
greater degree than in healthy persons [17]. It
raised the hypothesis that TSHR autoimmunity
(the hallmark of Graves’ hyperthyroidism) could
also impact the orbit. Full-length functional TSH
receptors are expressed on OF [18], in active
stages of the disease to a greater extent than in the
inactive stages, and directly related to IL-1f lev-
els in the orbit [19]. Graves’ immunoglobulins
(isolated from the serum of patients with Graves’
hyperthyroidism) as well as M22 (a monoclonal
TSH receptor stimulating antibody) recognize
TSH receptors on OF as evident from increased
cAMP and hyaluronan production in cell cultures
of differentiated human OF [9]. Another post-
TSHR signaling pathway runs not via cAMP but

through PI3K (phospho-inositide 3-kinase)
resulting in adipogenesis [10, 20].
Clinical studies support the role of

TSHR. First, serum TSHR-AD concentrations are
higher in patients with both Graves’ hyperthy-
roidism and GO than in patients with Graves’
hyperthyroidism without GO [21]. Second,
serum TSHR-AD are directly related to the activ-
ity and severity of GO [22]. Third, the higher
serum TSHR-ADb, the higher the risk of an unfa-
vorable course of GO [23]. Fourth, serum
TSHR-AD fall after thyroidectomy or treatment
with antithyroid drugs, but increase substantially
after radioactive iodine therapy. *'I therapy (but
not thyroidectomy or antithyroid drugs) is associ-
ated with development or worsening of GO in
about 15% of patients [24, 25]. One could argue
that not all GO patients have concomitant Graves’
hyperthyroidism: about 10% of all GO patients
are euthyroid or even hypothyroid. However,
serum TSHR-AD can be detected in the majority
if not all of such patients. But the most convinc-
ing argument for the TSH receptor as the primary
autoantigen in GO is derived from experimental
animal studies. Genetic immunization of mice
with the TSH receptor A-subunit plasmid have
produced a fair animal model of GO [26, 27].
Despite inherent limitations to the mouse model

(e.g., the lateral wall of the orbit in rodents is not
made of bone but consists of a connective tissue
septum), the model resembles reasonably well
the human condition.

Cross-Talk Between TSH Receptors
and IGF-1 Receptors

Another autoantigen in GO might be the insulin
like growth factor-1 receptor (IGF-1R). IGF-1R
are indeed upregulated on OF of GO patients, but
serum IGF-1 and IGF-binding proteins in GO
patients are normal. Graves’ immunoglobulins
are able to induce hyaluronan synthesis in OF;
the effect can be blocked by monoclonal IGF1-R
blocking antibodies, suggesting a pathway inde-
pendent of the TSHR [28]. The authors suggested
Graves’ IgG contain antibodies stimulating the
IGF-1R. IGF-1R antibodies were detected in
10% of GO patients and in 11% of controls [29].
IGF-1R antibodies were not related to GO dis-
ease activity or severity. Their serum concentra-
tions were rather constant, demonstrating
relatively stable expression over time. IGF-1R
antibodies failed to stimulate IGF-1R autophos-
phorylation but instead inhibited IGF-1-induced
signaling. Available data do not support the idea
that stimulating IGF-1R antibodies are involved
in the pathogenesis of GO [30]. Further studies
provided proof that TSHR stimulating antibodies
do not activate IGF-1 receptors [31]. Convincing
evidence that IGF-1 receptors do not act as pri-
mary autoantigens in GO is obtained from animal
studies applying genetic immunization with IGF-
IRa plasmid [27]. These mice generated high
levels of IGF-1Ra antibody, but did not develop
apparent pathology. Of interest is that some ani-
mals immunized with TSHR A-subunit devel-
oped low-titer IGF1-Ra antibodies shortly after
immunization. It can be concluded that the TSHR
and likely its A-subunit, is the primary autoanti-
gen in GO. TSHR are “the culprit as well as the
victim” not only in Graves’ hyperthyroidism, but
also in Graves’ orbitopathy [32].

Functional interactions between TSHR and
IGF-1R have been demonstrated in cultured OF
obtained from GO patients. Simultaneous activa-



16 Etiology and Pathogenesis of Graves’ Orbitopathy

283

tion by TSH and IGF-1 synergistically increases
hyaluronan secretion in OF [33]. Blockade of
IGF-1R inhibits both hyaluronan synthesis and
Akt phosphorylation induced by the monoclonal
TSHR stimulating antibody M22 or IGF-1 [34].
Such studies suggest a crosstalk between TSHR
and IGF-1R [35]. The TSHR is a heptahelical
G-protein coupled receptor, whereas the IGF-1R
is a receptor tyrosine kinase. Despite these funda-
mental structural differences, both receptors are
phosphorylated by G-protein receptor kinases,
which enables p-arrestin binding [36]. Arrestins
mediate receptor internalization and also activate
the mitogen-activated protein kinase (MAPK)
pathway. TSHR must neighbor IGF-1R for cross-
talk in GO fibroblasts to occur, and this depends
on arrestin-f3-1 acting as a scaffold [37]. TSH acti-
vates both G-proteins and f-arrestin, suggesting
the different signals in the TSHR are propagated
in differentiated intramolecular pathways [36]. A
signalosome has been proposed, in which
arrestin-f-1 mediates proximity and crosstalk of
the TSHR and IGF-1R [38]. Combination therapy
targeting simultaneously TSHR and IGF-IR
might be more effective than targeting either
receptor alone (the TSH receptor by either small
molecule TSHR antagonists or monoclonal TSHR
blocking antibodies, and the IGF-1R by monoclo-
nal IGF-1R blocking antibodies) [36, 38].

Genes and Environment

A number of susceptibility genes for Graves’ dis-
ease has been identified, notably TSHR, HLA,
CTLA4, PTPN22, CD40 and FRCL3. However,
the frequency of particular polymorphisms in
these susceptibility genes do not differ substan-
tially between Graves’ hyperthyroid patients
with and without Graves’ orbitopathy [39]. In the
absence of clear genetic markers specific for GO,
it is difficult to explain why, among Graves’
hyperthyroid patients with the same level of TSH
receptor antibodies, some will develop GO
whereas others will not. TSHR immunoglobulins
are heterogeneous, comprising antibodies that
stimulate or block the TSH receptor or antibodies
that are neutral with respect to their binding to

the TSHR; the various classes of TSHR-Ab might
have differential effects on orbital tissues.

Alternatively, environmental factors could
play a role, and in this respect, it is noteworthy
that smoking greatly increases the risk for GO
(odds ratio 7.7, 95% CI1 4.3-13.7) [40]. The pro-
portion of GO among all referred patients with
Graves’ hyperthyroidism decreased from 57%
in 1960 to 35% in 1990, and to 29% in 2010 [41,
42]. The secular decline in smoking is likely
causally related to a lower prevalence of GO in
the last decades [43]. GO patients referred in
2012 had less severe and less active ophthal-
mopathy than those referred in 2000 [44].
Orbital muscle volume is larger in GO patients
who are current smokers compared to GO
patients who are never smokers or ex-smokers;
orbital fat volume had no relationship with
smoking behaviour [45].

A new risk factor for GO might be hypercho-
lesterolaemia [46]. Statin use (for >60 days in
the past year vs <60 days or nonuse) was associ-
ated with a 40% decreased hazard of GO
(adjusted HR 0.60, CI10.37-0.93) in a population
of patients with newly diagnosed Graves’ hyper-
thyroidism [47]. No significant association was
found for the use of nonstatin cholesterol-lower-
ing medication or cyclooxygenase 2 inhibitors
and the development of GO. Subsequent studies
confirmed high serum cholesterol levels as a
potential risk, at least in patients with a relatively
short duration of Graves’ disease [48, 49]. The
pleiotropic anti-inflammatory actions of statins,
which are not related to their cholesterol-lower-
ing action, could be key in explaining the asso-
ciation with GO [46].
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Introduction

The overall management of GO is based on three
pillars: (1) smoking cessation, (2) restoration and
maintenance of euthyroid function, and (3) man-
agement of the orbital disease itself. Here, we
distinguish between (a) local measures to be
applied in any stage of GO, (b) medical interven-
tions to be applied in the active stage of GO, and
(c) surgical interventions to be applied in the
inactive stage of GO (like orbital decompression,
eye muscle surgery, and eyelid surgery)
(Fig. 17.1). GO guidelines are available [1]. One
of the recommendations is to refer GO patients—
except for the mildest cases- to combined thyroid-
eye clinics or specialized centers providing
endocrinological and ophthalmological exper-
tise. There is some evidence that in doing so, out-
comes are improved [2—4]. Patients often need
moral and psychological support. Thyroid and/or
GO patient associations and contact with fellow
patients could be very important in helping
patients to cope with their disease [4].
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Smoking Cessation

To convince people to stop smoking is rarely suc-
cessful. However, the deleterious effects of
smoking on thyroid eye disease in particular may
increase the likelihood that GO patients are sus-
ceptible to take the advice to stop smoking [5].
Current smoking increases the risk of Graves’
hyperthyroidism about twofold and of Graves’
ophthalmopathy about threefold. Smokers tend
to have more severe GO. Smoking increases the
risk of developing or worsening of eye changes
about fourfold after *'I therapy of Graves’ hyper-
thyroidism. The outcome of GO treatment with
glucocorticoids or retrobulbar irradiation is less
favorable in smokers relative to nonsmokers.
Refraining from smoking might reduce the risk
of developing exophthalmos and diplopia. The
regarding guideline reads “We recommend that
physicians urge all patients with Graves’ hyper-
thyroidism, irrespective of the presence or
absence of GO, to refrain from smoking, if neces-
sary with the help of specialized smoking cessa-
tion programs or clinics” [1].

Restoration and Maintenance
of Euthyroidism

GO occurs mostly in the presence of Graves’
hyperthyroidism, whereas a minority (about
5-10%) presents with euthyroidism or hypothy-
roidism. Both hyperthyroidism and hypothyroid-
ism have a negative impact on GO, and prompt
restoration and maintenance of euthyroidism is
indicated [1, 6]. Hypothyroidism should be
treated with levothyroxine tablets, but making the
appropriate choice how to treat Graves’ hyper-
thyroidism under these circumstances is more
complicated. This is caused by worsening of GO
after radioactive iodine treatment in about 15%
[7]. Risk factors for such worsening are recent
onset GO, active GO, severe hyperthyroidism,
high TSHR-Ab (TSH-receptor antibodies), and
smoking. Worsening can be prevented with oral
prednisone starting with a daily dose of 0.3—
0.5 mg/kg (or lower doses in low-risk patients)
for 6-12 weeks. Consequently, *'I therapy is not
preferred in active moderate-to-severe GO and
DON. ¥ therapy in active mild GO can be used



17 Medical Management of Graves’ Orbitopathy

289

with steroid prophylaxis. Patients with inactive
GO can safely receive radioiodine without ste-
roid cover, as long as post-radioiodine hypothy-
roidism is avoided and other risk factors
(particularly smoking) are absent. Antithyroid
drugs can be used irrespective of active or inac-
tive GO. Some centers continue antithyroid drugs
as long as medical or surgical treatment of GO is
required, and discontinue antithyroid drugs never
or only after 2—4 years when GO has arrived in its
late inactive stages [8, 9]. If recurrent hyperthy-
roidism occurs after stopping antithyroid drugs,
radioiodine might be given successfully [8]. Total
thyroidectomy could be effective treatment of
GO at least theoretically by removing all thyroid
antigens and thyroid-infiltrating lymphocytes,
especially when done at a rather early stage of the
disease. Trials investigating early thyroid abla-
tion in GO patients ("*'I therapy + thyroidectomy
vs B! therapy alone) have not shown convinc-
ingly the superiority of thyroidectomy [10].

Local Measures

GO patients may benefit from simple local mea-
sures [11]. Sunglasses are helpful against photo-
phobia and reflex tearing in response to wind
when outdoors. Dark glasses may be also com-
fortable for patients who are self-conscious of
their changed appearance and prefer to hide their
eyes. Ocular surface symptoms are common,
related to dry eyes secondary to increased lid
aperture, exophthalmos, and reduced blink rate.
Artificial tears help to control surface symptoms
during the day, while gels protect the corneal
surface during the night. It is recommended that
all GO patients are treated extensively with non-
preserved artificial tears with osmoprotective
properties. Raising the head of the bed and diuret-
ics have been advocated as a mean to reduce peri-
orbital oedema, but good evidence for their
efficacy in this respect is lacking. Botulinum
toxin type A has been used to reduce lid retrac-
tion by one or more injections of 5 IU into the

levator complex of the upper lid. Botulinum toxin
has also been used successfully for chemical
denervation of the overactive supercilii muscle to
address mid-brow frowning and glabellar lines in
GO patients. Botulinum toxin might be applied to
reduce diplopia by injecting the drug into the
appropriate extraocular muscle; the effect lasts
for about 12 weeks but nevertheless is often
appreciated by patients to bridge the time until
GO has become inactive and corrective eye mus-
cle surgery can be done. Prisms might be consid-
ered as an alternative to manage troublesome
diplopia in the active stage of GO.

Mild Graves’ Orbitopathy

Mild GO is characterized by ophthalmological
features which have only a minor impact on daily
life, insufficient to justify immunosuppressive or
surgical treatment. Usually, there exists one or
more of the following features: minor lid retrac-
tion (<2 mm), mild soft-tissue involvement,
exophthalmos <3 mm above normal for race and
gender, no or intermittent diplopia, and corneal
exposure responsive to lubricants [1]. In most
patients with mild GO, a “wait-and-see” strategy
is sufficient. To refrain from smoking, restoration
of euthyroid function and appropriate local mea-
sures are usually sufficient. It also helps that there
exists a tendency to spontaneous improvement in
the natural history of GO. Selenium supplemen-
tation has been formally recommended in mild
GO [1]. In a randomized double-blind placebo-
controlled study, patients with mild GO received
either 100 pg selenium twice daily or placebo for
6 months [12]. At 6 months, quality-of-life as
assessed by the disease-specific GO-QoL and
overall ocular involvement had improved more
often in the selenium group compared to the pla-
cebo group (61% vs 36%, p < 0.001); after with-
drawal of selenium, the improvement was
maintained at 12 months. The progression of GO
to more severe forms was significantly lower in
the selenium group than in the placebo group
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(7% vs 26%). No selenium-related adverse events
were observed. Enrolled patients mostly came
from marginally selenium-deficient areas in
Europe [13]. It is unclear whether selenium sup-
plementation is beneficial and safe in selenium-
sufficient areas. In longstanding inactive mild
GO, there is no evidence that selenium is effec-
tive. Selenium is incorporated as selenocysteine
in selenoproteins, which play a major role in the
maintenance of the cellular redox state [1].
Increased generation of reactive oxygen species
may be involved in the pathogenesis of GO, pro-
viding a biologic rationale for the application of
selenium [13, 14]. Occasionally, objectively mild
GO has such a profound impact on quality-of-life
that these cases might be considered not mild but
moderate-to-severe: it would qualify for immu-
nosuppressive treatment if active, or rehabilita-
tive surgery if inactive [1].

Moderate-to-Severe Graves’
Orbitopathy

Moderate-to-severe GO is characterized by oph-
thalmological features which have sufficient
impact on daily life to justify the risks of immu-
nosuppression (if active) or surgical intervention
(if inactive). Usually, there exists two or more of
the following features: lid retraction >2 mm,
moderate or severe soft tissue involvement,
exophthalmos >3 mm above normal for race and
gender, inconstant or constant diplopia. Sight-
threatening GO should be absent [1]. Essential
for an appropriate choice of treatment is the
assessment of the disease activity of GO. This
can be done by the clinical activity score (CAS),
based on the classical signs of inflammation
(dolor, rubor, and tumor): a CAS <3 likely indi-
cates inactive GO and a CAS >3 active GO [15].
Ever since the MRC report of Sir Brain in 1955,
glucocorticoids have been the mainstay of
medical treatment for advanced forms of GO
[16]. Glucocorticoids are more effective than pla-
cebo (response rates 83% vs 11%) [17], intrave-
nous methylprednisolone is more effective and
better tolerated than oral prednisone (response
rates 77% vs 51%) [18], and intravenous methyl-

prednisolone + mycophenolate is more effective
than iv methylprednisolone alone (response rate
71% vs 53%) [19], as demonstrated in successive
RCTs [1]. A commonly used dosing schedule for
oral prednisone is 60 mg for 2 weeks, 40 mg for
2 weeks, 30 mg for 4 weeks, 20 mg for 4 weeks,
and then tapering down to zero dose in 8 weeks.
The optimal dose of intravenous methylpredniso-
lone pulse therapy has been investigated in a
RCT [20]. The preferred scheme was 500 mg iv
once weekly for 6 weeks followed by 250 mg
once weekly for another 6 weeks, a cumulative
dose of 4.5 g [20]. A lower cumulative dose of
2.25 g was less effective, but a higher cumulative
dose of 7.5 g might be used in the most severe
cases. Mycophenolate can be added to the iv
methylprednisolone pulse therapy (cumulative
dose 4.5 g given in 12 weeks) in a daily dose of
360 mg twice daily for 24 weeks [19]. Steroids
are effective especially against soft tissue involve-
ment (pain, redness, and oedema) and double
vision, but their effect on exophthalmos reduc-
tion is often disappointing. The side effects of
steroids are well known, but in the early days of
intravenous pulses of methylprednisolone, rare
but very severe side effects occurred (like liver
failure and cardiovascular events) [21]. Current
recommendations therefore are that iv pulses of
steroids should not be used in patients with recent
viral hepatitis, significant liver dysfunction,
severe cardiovascular morbidity, or psychiatric
disorders [1, 22]. Cumulative doses exceeding
8 g should be avoided, and daily doses should be
restricted to <1 g and infused slowly. Diabetes
and hypertension should be controlled. Using this
strategy, steroids will inactivate GO in most
patients, allowing rehabilitative surgery as
required in the late inactive fibrotic stages of the
disease. Not all patients with active moderate-to-
severe GO respond to GO, and a flare-up of the
ophthalmopathy after an initial response to ste-
roids is frequently seen. It could be seen that
combining iv steroids with orbital irradiation or
mycophenolate reduces the relapse rate. In case
of a partial or no response to steroids, shared
decision-making is recommended to select a
second-line therapy [1]. Several options are avail-
able if GO is still active (Fig. 17.2). (1) A second
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Fig. 17.2 Management of active moderate-to-severe Graves’ orbitopathy, and treatment options in case of partial or no

response to steroids

course of iv methylprednisolone pulses if the
patient tolerates it, and a cumulative dose of >8 g
is avoided. (2) Low-dose oral prednisone (e.g.
20 mg daily) + orbital irradiation (administered
e.g. in 10 daily doses of 2 Gy over 2 weeks).
Retrobulbar irradiation in GO is more effective
than sham irradiation according to two RCTs
[23, 24]. (3) Low-dose oral prednisone + cyclo-
sporine (e.g. starting dose 5 mg/kg), which has
shown to be effective in two RCTs [25, 26]. (4)
Rituximab in a dose of 1000 mg given twice over
2 weeks, causes depletion of B-cells (also in the
orbit) and modulation of all B-cell functions.
The results of two RCTs in active moderate-to-
severe GO have been conflicting: one study com-
pared rituximab with placebo and found no
difference [27] and the other study compared
rituximab with iv methylprednisolone pulses and
found rituximab slightly better in improving
CAS, ocular motility and QoL [28]. The discrep-
ancy is incompletely understood [29], but on the
other hand, the number of positive responses on
even single doses of 500 mg or even 100 mg
rituximab in open studies cannot be denied. It
appears to justify rituximab therapy in case of
steroid failure. A serious but fortunately rare
adverse event of rituximab is a cytokine storm
leading to the subacute development of dysthy-
roid optic neuropathy (DON) [30]. Monoclonal
antibodies against tumor necrosis factor-alpha
(anti-TNFa) have been tried in active moderate-

to-severe GO with disappointing results [1].
Monoclonal antibodies against interleukin-6
receptors (anti-IL-6R, tocilizumab) have been
given with remarkable success in GO patients
not responding to steroids [31]; these results
await confirmation by independent groups. A
major breakthrough has been the recent develop-
ment of monoclonal antibodies blocking the
IGF-1 receptors on orbital fibroblasts and lym-
phocytes. Teprotumumab (anti-IGF-1R mono-
clonal antibody) in a dose of 10 mg/kg for the
first infusion and 20 mg/kg for the next seven
infusions or placebo was administered intrave-
nously once every 3 weeks for 24 weeks in 170
patients with active moderate-to-severe GO [32,
33]. Responders were 73% in the teprotumumab
and 14% in the placebo group. The response
involved improvement in CAS, proptosis, dou-
ble vision, and GO-QoL. Especially, the reduc-
tion in exophthalmos was impressive: the mean
reduction in proptosis by week 24 ranged from
2.95 to 3.32 mm. That extent of proptosis reduc-
tion is not often seen upon steroid treatment. The
safety profile of the drug is reassuring. It is not
known whether or not teprotumumab will have
the same great effect on proptosis reduction if
given during the late inactive fibrotic stage of
GO. Teprotumumab has been approved for adult
GO by the FDA in the USA. Application in
Europe awaits head-to-head comparison with iv
steroids, as well as cost-effectiveness studies.
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Very Severe Graves’ Orbitopathy

Very severe GO or sight-threatening GO includes
patients with dysthyroid optic neuropathy (DON)
and/or corneal breakdown. There has been just
one RCT on the treatment of DON, comparing
high-dose steroid pulses and immediate orbital
decompression surgery [34]. About 83% of the
surgically treated patients failed to improve
visual acuity within 2 weeks vs 44% in the medi-
cally treated patients; all patients improved after
switching to the other treatment modality.
Consequently, the recommendation is to start
immediately with very high doses of methylpred-
nisolone: 1000 mg iv daily for 3 consecutive days
during the first week, to be repeated in the second
week. If response is absent or poor at day 14,
urgent orbital decompression is required. Severe
corneal exposure should be treated medically or
by means of progressively more invasive surger-
ies in order to avoid progression to corneal break-
down [1].

Conclusion

The outcome of Graves’ orbitopathy has
improved greatly over the last few decades.
Improvement has been caused not only by earlier
diagnosis and treatment of associated Graves’
hyperthyroidism, but also by early referral to spe-
cialized thyroid/eye clinics and a structured
approach in the diagnosis and management of the
ophthalmopathy itself. Further improvement is to
be expected as Graves’ orbitopathy is to a certain
extent a preventable disease (stop smoking!), and
a real causal therapy of Graves’ disease will be
available in the next few years directed at block-
ing signaling via the TSH receptor.
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Learning Objectives

e Surgical rehabilitation of the patient
with GO follows four steps: orbital
decompression, strabismus surgery,
eyelid lengthening procedures and
blepharoplasty [1].

* Each previous step may influence a sub-
sequent step.

e Surgery is performed during the quies-
cent stage of GO. There is one excep-
tion: dysthyroid optic neuropathy that is
not responding to medical treatment.
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* Not a single orbital decompression tech-
nique is best. Probably the best is to tai-
lor the orbital decompression technique
to the patient and to the surgeon [2].

Introduction and History

In the first half of the nineteenth century, Caleb
Hillier Parry, Robert James Graves and Carl
Adolph von Basedow, independently described
signs and symptoms of a new disease, which we
now call Graves’ disease [3—5]. From the very
beginning, a wide variety of treatment modali-
ties have been considered for this disease, of
which surgical intervention played an impor-
tant role. An interesting paper about the pio-
neers of Graves’ disease was published by
Alper in 1995 [6].

Management of patients with Graves’ orbi-
topathy (GO), nowadays, consists of medical
treatment (Chap. 17), if patients have active and
moderately to severe disease, or surgical treat-
ment, if patients have burnt-out (Chap. 17) dis-
ease. The most important aim of medical
treatment is inactivation of the disease process,
whereas surgical treatment aims at functional and
cosmetical rehabilitation. Usually, a period of
3-6 months of unchanging symptoms and signs
is awaited before surgery is undertaken. The only
exception is dysthyroid optic neuropathy (DON),
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not responding to medical treatment. Immediate
orbital decompression is indicated in such cases.
The surgical rehabilitation of a patient with GO
often requires four steps: orbital decompression,
strabismus surgery, eyelid lengthening and
blepharoplasty procedures. As each previous step
may influence a subsequent step, this sequence of
surgeries has to be respected. To get an impres-
sion how many treatment modalities an ‘average’
GO-patient, referred to a tertiary referral insti-
tute, undergoes, we evaluated a 1-year’s cohort of
95 consecutive new patients. After a follow-up of
5 years, 24 patients had been treated with intrave-
nously administered prednisolone pulse treat-
ment, 50 had undergone orbital decompression,
39 one or more strabismus corrections, and 51
eyelid corrections (at the last visit to the clinic,
78% of patients had no complaints anymore,
16% had diplopia in the extremes of gaze, 5%
had diplopia in all directions and one had
complaints of facial pain). In conclusion, 50% of
them underwent orbital decompression.

In GO, there is a discrepancy between the bony
orbital volume and its contents (Figs. 18.1 and
18.2). Nature itself tries to compensate by ‘sponta-
neous’ orbital decompression; the walls, especially
the medial wall, become concave [7]. This phe-
nomenon, unfortunately, is rare and its effects lim-
ited. The solution, therefore, is either making the
orbital bony volume bigger by creating an orbital
fracture (Fig. 18.3), or decreasing the orbital fat
volume; in other words, removing orbital fat.

In 1888, Kronlein excised an orbital tumor
via a lateral orbitotomy, thus after having

Fig. 18.1 Increase of orbital contents due to enlargement
of the extraocular muscles

Fig. 18.2 Increase of orbital contents due to fat tissue
increase

Fig. 18.3 Enlarged left orbit after extensive 3-wall
decompression

removed an orbital bony boundary [8]. Dollinger,
in 1890, was the first to perform an orbital
decompression in a patient with GO [9]. Hirsch,
in 1930, described a route via the canine fossa to
approach the orbital floor to correct ‘eines exces-
siven Exophthalmus’ and, in 1950, to treat
‘Malignant Exophthalmos’ [10, 11] Naffziger, in
1931, adapted a transcranial technique and
removed the orbital roof for progressive exoph-
thalmos following thyroidectomy [12]. Sewall
and Kistner, in 1936, approached the orbit via
the medial wall [13]. Walsh and Ogura described
a transantral approach for orbital decompression
[14]. Hence, over time, approaches via all four
orbital walls have been explored. The history of
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more than hundred years of orbital decompres-
sion has been recorded by Daniel Rootman [15].

Sole fat removal to correct exophthalmos in
Graves’ disease has been described by Moore in
1920 [16], but had initially a rather questionable
reputation in Western-Europe due to a lack of
pertinent data. This changed when better studies
were published [17, 18]. It was reported that
1 cc of fat removal corresponded with 1 mm of
proptosis reduction [19]. Several studies on fat
removal for GO-patients came from Asian coun-
tries [20, 21]. The outcomes of these studies
cannot be simply applied on patients in Western
countries as their orbits differ from Asian orbits
and perhaps the presentation of GO in Asians
also differs from that in Westerners [22].
Moreover, it is difficult to understand how fat
removal alone could reduce the exophthalmos
when muscle enlargement is the principle cause
of exophthalmos [23]. Here, we enter a major
problem in the literature and our knowledge of
orbital decompression in GO-patients. Although
this literature is abundant (> than 1000 Pubmed
publications on orbital decompressive surgery
in GO or TED), almost all studies are retrospec-
tive and not comparative. Outcome criteria are
not well-defined and evaluation of complica-
tions differ significantly. These shortcomings
have made that there has been little progress in
our understanding of orbital decompression
despite the huge numbers of publications. One
of the very view comparative studies on orbital
decompression is a EUGOGO-study [2] with 18
different approaches in 139 patients, that shows
that the more orbital walls are removed, the
more proptosis reduction can be expected, no
matter what technique has been used. In addi-
tion, fat removal, adds to the proptosis
reduction.

Next to fat removal and bony orbital decom-
pression, there is a third way to camouflage dis-
figuring proptosis: by enlargement of the orbital
rim [24]. This technique has never found many
followers as far as we know. In conclusion, the
overwhelming majority of orbital decompressions

is a bony decompression, with or without
fat-removal.

Bony Orbital Decompression:
Indications and Approaches

The strongest indication for GO is DON not
responding to other treatment modalities [25].
Orbital decompression appears to be very effec-
tive in restauration of visual functions [25]. After
Leo Koornneef, in Amsterdam, in 1985, had
introduced the 3-wall coronal approach
(Fig. 18.4), we started to do orbital decompres-
sions for disfiguring proptosis as well [26, 27].
Other indications were persistent pain or a cor-
neal ulcer as a complication of severe proptosis
and lagophthalmos or the very exceptional globe
(sub-) luxation.

The most common techniques and approaches
at that time were the transantral/nasal (Ogura-
Walsh) [14], the Lynch (medial), the lateral (with
or without the orbital rim), the translid and the
transconjunctival approaches. Or combinations
of these, such as the ‘balanced’ decompression
(medial and lateral wall, in order to decrease iat-

Fig. 18.4 The coronal approach
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rogenic diplopia) [28]. Other techniques that
quickly gained popularity were the deep lateral
wall approach via a superior eyelid crease inci-
sion [29, 30] and the endoscopic approach [31].
Basically, with these techniques, one to three
orbital walls are (partly) removed, the periosteum
is incised and the orbital fat is allowed to herniate
into the surrounding cavities (sinuses) or in later
years is removed. The techniques differ in the
way the walls are approached. Some complica-
tions are specifically related to the chosen tech-
nique. For instance, postoperative numbness of
the cheek is caused by dissection of the bony
canal of the infraorbital nerve and thus only seen
after orbital floor decompression. A complication
that is seen after any kind of orbital decompres-
sion is induced or worsened diplopia. Minor
modifications have been proposed in order to
improve the outcome or to reduce complications.
It is assumed that in DON especially the medial
wall has to be removed in order to get the best
results, because the medial wall is closest to the
medial rectus muscle, which is thought to
contribute the most to compression of the optic
nerve. However, a reduction alone of intra-orbital
pressure, obtained by any orbital decompression,
appears already to be effective [26, 32].

In line with these modifications are the ‘bal-
anced’ decompression [28] and the decompres-
sion with leaving the periosteum intact [33],
which are assumed to cause less diplopia. These
assumptions sound plausible, but we do not know
if they are true, as comparative studies with well-
described inclusion and outcome criteria and
fixed protocols for i.e., the assessment of diplopia
have never been carried out. To provide such
well-described criteria, we have suggested to use
the Goldman perimeter and Sullivan’s score (see:
Chap. 6), with which diplopia can be scored in an
easy and reproducible fashion [34].

Clearly, the goals of orbital decompressive
surgery are normalization of the visual functions
(if they were impaired) and restauration of the
premorbid face. It is often thought that the more
proptosis reduction the better, but this is not true.
Far more important is a symmetrical position of
the globes. Symmetrical Hertel values are not
always obtained after a single operation and

redo-decompressions can result in a satisfactory
outcome in the end.

Orbital decompression is one step in the func-
tional and cosmetic rehabilitation of the patient
with GO, but not the only one. Strabismus and
eyelid correction contribute markedly to the final
result. Thus, the final evaluation cannot be made
before all steps have been taken [35].

For the reasons aforementioned, we cannot
say which decompression is best. We, ourselves,
started with the coronal approach but shifted to
the ‘swinging eyelid’ technique, which was
described by McCord already in 1981 [36].
Before our change, we compared both techniques
in a prospective way. We found that both tech-
niques, in our hands, were equally effective, but
the swinging eyelid is much faster, less imposing
to the patient than the coronal, with a shorter hos-
pitalization time and less morbidity [37]. For the
medial wall we chose an additional retrocaruncu-
lar approach.

Swinging Eyelid Technique
and Retrocaruncular Approach

To obtain decompression of the globe, an increase
of volume of the bony orbit usually combined
with a decrease of periorbital fat is the recom-
mended treatment. Hence, an easy access to the
orbital walls, but also to the periorbital fat is
mandatory. Especially, the transconjunctival
approach combined with a swinging eyelid inci-
sion gives in our opinion an optimal approach to
the orbital floor, the medial and the lateral wall. If
the more posterior and superior regions of the
medial orbit have to be approached, an additional
transcaruncular approach can be done (Fig. 18.5).

During any orbital decompression, the pupil
has to be checked repeatedly throughout the
entire procedure. We therefore do not recom-
mend a non-transparent cornea-eye shield. At
regular intervals, the retractors should be released
and the pupil should be checked. If the pupil
dilates and anisocoria develops, the procedure
must be interrupted. This unwanted effect on the
pupil is most likely caused by too much and or
too long pressure on the ciliary ganglion located
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Fig. 18.5 Transconjunctival approach for orbital decom-
pression (with permission from AO Foundation)

in the orbital apex. Continued elevated intraor-
bital pressure may damage the parasympathetic
pathways in the ganglion resulting in deficient
innervation to the sphincter pupillac muscle and
to the ciliary muscle. Pupillary dilatation will
occur and should be considered a warning sign to
relief apical pressure (Chap. 5). Limited alertness
to this sign may result in permanent pupillary
dilatation and loss of accommodation. During the
entire procedure, the cornea is kept wet, either by
eyedrops or by gels or by ointment.

We prefer diathermal cutting with a protective
sleeve exposing just about 5 mm of the needle,
thus reducing the risk of collateral thermal dam-
age to the eye. The lateral eyelid technique is
relatively straight forward. The procedure begins
with a cantholysis: an incision is made in the lat-
eral canthal fold of about 810 mm, dissecting
the dermis, the inferior lateral canthal tendon and
the periosteum (Fig. 18.6). After dissection, the
lower eyelid gives way, exposing the conjunctiva.
Subsequently, a flexible metal spatula puts ten-
sion on the conjunctiva on the posterior side of
the infra orbital rim. A Desmarres retractor is
placed on the anterior part of the orbital rim, thus
creating a stretched path for dissection of the
conjunctiva and periosteum (Fig. 18.7). The inci-
sion can be either pre- or post-septal.
Subsequently, the incision is extended on the
medial side up to the lacrimal punctum
(Fig. 18.8). Leaving the retractors in place, the
orbit itself can be accessed. Starting on top or just

Fig. 18.6 The cantholysis

Fig. 18.7 Exposure of the infraorbital rim and incision of
the conjunctiva

Fig. 18.8 Access to the orbital contents
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posteriorly of the orbital rim, the periorbit can be
elevated from the lateral wall, the orbital floor
and the lower part of the medial wall. The flexible
spatula can be replaced to gently lift or shift the
bulbus to reveal and give access to the different
orbital walls (Fig. 18.9). Care is taken not to
detach the inferior oblique muscle located medi-
ally of the lacrimal punctum. Now that the differ-
ent orbital walls are accessible, osteotomies can
be made perpendicular to the orbital rim and par-
allel to the infraorbital nerve using a piezotome
(Fig. 18.10), the instrument which allows us to
precisely make the necessary bone cuts and helps
control to leave the bone-boundary of the infraor-
bital canal intact. Fragments of the thin orbital
floor can be removed easily. In our opinion, it is
paramount to preserve a small bony bridge cover-
ing the infraorbital nerve both to protect the nerve

itself (Fig. 18.11), as well as to prevent post-
operative hypoglobus.

The lateral wall can be approached in a similar
way using the piezotome to set out the boundar-
ies for the osteotomy. The bone of the lateral wall
exists of two bony plates (Chap. 2) and is much
more rigid and sturdy compared to the orbital
floor. Therefore, an osteotome has to be used as
well to mobilize the different parts of the wall
(Fig. 18.12). Care should be taken not to damage
the temporal muscle; this will lead to profuse
bleeding. Tamponade with Surgicel or Spongostan
will normally resolve this bleeding. The bone

Fig. 18.11 Bony bridge covering the infraorbital nerve is
kept intact

Fig. 18.10 Use of piezotome

Fig. 18.12 Use of osteotome to remove lateral wall from
inside out
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removal of the orbital floor can be continuous
with the lateral wall, no strut has to be preserved.
On the medial side, however, a key area of bone
has to be preserved for the proper support and
position of the globe and to prevent iatrogenic
obliteration of the infundibulum.

The swinging eyelid technique will provide
ample approach of the anterior and inferior part
of the medial wall. If further decompression is
needed, an additional retrocaruncular approach
can be used. To facilitate this approach, a suture
is placed in both the lower and upper eyelid that
are subsequently used as retractor (Fig. 18.13).
An additional retractor is placed medially to
expose the caruncle. A vertical incision is made
just lateral/posterior of the caruncle using dia-
thermy. Subsequently, blunt dissection is per-
formed posteriorly till the medial wall is exposed.
The exposure will be posterior to the lacrimal
sac. Using this technique, a good exposure of the
more posterior and superior parts of the medial
wall is accomplished. Care should be taken to
locate and preserve the anterior and posterior eth-
moidal arteries or obtain good cauterization. As a
rule of thumb, 2-3 mm of the most medial part of
the orbital floor and the 2-3 mm of the most infe-
rior part of the medial wall should be kept in
place. After the bony decompression, further
decompression is obtained by periorbital fat
removal. The first step is careful dissection of the
periorbita in a perpendicular plane to the orbital
rim. Subsequently using Metzenbaum scissors,

the periorbita is further opened allowing the peri-
orbital fat to bulge into the newly created space
of the bony orbit. The amount of fat to be har-
vested is individually tapered (Fig. 18.14).
Special care is taken not to damage the orbital
muscles or the peri-muscular fat as this will
enhance the risk of contusion and adhesions of
these delicate orbital soft tissues potentially
resulting in an increase of postoperative
diplopia.

After hemostasis and conformation of the
proper symmetrical position of the globes, the
wounds can be closed. Using a resorbable 5 x 0
suture, the closure starts with aligning the lateral
canthus. The suture runs through the periosteum,
the inferior tarsal tendon and the superior tarsal
tendon. Care is taken to position the upper eyelid
just anterior of the lower eyelid (Fig. 18.15).
After correct alignment of the lateral canthus, the
dermis is closed with a non-resorbable 6 x 0
suture. There is a lot of controversy regarding the

Fig. 18.14 Assessment of quantity of removed fat

Fig. 18.13 Access to the medial wall

Fig. 18.15 Repositioning of the lateral canthus
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closure of the conjunctiva, we prefer not to close noticed. Figure 18.16 shows the results of a
the conjunctiva to lessen the chance of creating 3-wall orbital decompression (plus eyelid correc-
an entropion and no adverse reaction have been tions) as described above.

Fig.18.16 (a—f) 52 year-old lady, who underwent bilateral 3-wall orbital decompression and eyelid corrections. Hertel
values dropped from 22 to 18 mm and from 23 to 19 mm. Diplopia disappeared completely
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Complications

The most feared complication of orbital decom-
pression, no doubt, is a retrobulbar hemorrhage
causing blindness. We have seen retrobulbar
bleedings at the time the patients awoke from
their general anesthesia, started to cough and
raised their intraorbital pressure. Proptosis
quickly recurred and the orbit felt very stiff.
Immediate evacuation of the blood reversed the
threatening  situation. Therefore, operated
patients have to be watched closely at the moment
of extubation, but also during the next 24 h post-
operative. We have never seen hemorrhages after
that period of time. The most frequent complica-
tion is induction or worsening of diplopia [38].
Here, a lot of misunderstanding exists, because
everyone defines these conditions differently.
We, therefore, suggested fixed models to assess
diplopia and changes of diplopia [34], but till
present, these have reached few followers.
Numbness of the region innervated by the infra-
orbital nerve is rather common after floor decom-
pressions, but mostly resolves with time.
Obstruction of the ostiomeatal complex after
medial wall and/or floor decompression can
cause drainage problems (Fig. 18.17) and recur-
rence of exophthalmos and retrobulbar pain.
Preservation of the medial orbital strut prevents
this complication. Re-opening of the passage of
the maxillary sinus to the nose and aeration of the
sinus cures the problem. Hypoglossus is another
complication of orbital floor decompression,
however since the sagittal bone strut i.e., the roof
of the infraorbital canal is left intact, no post-
operative hypoglobus has been observed.

CSF-leakage and anosmia are rare complica-
tions after decompressions including the medial
wall. Remarkably, the incidence of postoperative
infections of the orbits are extremely low. There
is no need to prescribe peri-operative antibiotics,
prophylactically.

Fig. 18.17 Obstruction of the left antrum after medial
wall and floor orbital decompression

Conclusion

Since the fifties of the last century, all over the
world, numerous bony orbital decompressions
have been performed. What can be said is that all
bony decompressions are more or less effective
in the restauration of the visual functions and in
reduction of proptosis and -at the same time- are
safe [2]. The chance of persistent blindness is
around 1% [39]. There are many complications
described, but most of them are infrequent
and -moreover-can be taken care off.
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Orbital Cellulitis

Maarten P. Mourits

Learning Objectives

* The term subperiosteal abscess is a mis-
nomer. It should be called more appro-
priately subperiosteal empyema.

e For Chandler’s classification,
seems to be little support.

* Orbital abscess formation as a compli-
cation of orbital cellulitis is rare.

e If during inspection, the eye itself can-
not be visualized because of severe
swelling and tightness of the eyelids, the
condition must be regarded as a retro-
septal orbital cellulitis and managed
accordingly.

there

Introduction: Classifications
and Fallacies

Rootman [1] and others distinguish several types
of orbital inflammation:

1. Specific inflammations, characterized by a
specific pathogen or a specific clinical con-
stellation and/or a specific histopathology:
(a) Caused by bacteria, viruses, fungi or

parasites
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(b) With predominant vasculitis (granuloma-
tosis with polyangiitis or Wegener’s
disease)

(c) With predominant granulomatosis (sar-
coidosis, xanthogranulomatosis)

(d) Transitional (Kimura’s disease, Sjogren’s
disease)

(e) Autoimmune (Graves’
related disease)

2. Non-specific inflammation:

(a) Idiopathic orbital inflammation

disease, IgG4-

In this chapter, we will mainly focus on infec-
tious orbital inflammations caused by bacteria,
which are called orbital cellulitis (OC). Two
types of OC can be distinguished: (1) the rather
innocent preseptal orbital cellulitis (pOC) and (2)
the potentially life-threatening retroseptal orbital
cellulitis (rOC). The orbital septum is a thin, but
firm, fibrous structure stretched out between the
orbital rim and the transition of the eyelid retrac-
tors to the tarsal plate (Fig. 19.1). The orbital sep-
tum separates the orbital contents from the skin.
A pOC is hence no more than an inflammation of
the eyelid, whereas a rOC is an inflammation of
the orbit itself.

Patients with OC are seen by many different
medical doctors: general practitioners, pediatri-
cians, ear, nose and throat specialists, ophthal-
mologists, oromaxillary surgeons, neurosurgeons,
and radiologists. The literature on OC appears in
all of their specialized journals, and this may
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Fig. 19.1 Orbital septum, the anterior border of the orbital cavity

contribute to the erroneous ideas that exist in this
field of medicine.

The most important fallacy is that no distinc-
tion is made between an orbital abscess and a
subperiosteal empyema, for which then the mis-
nomer subperiosteal abscess is used. As will be
explained, subperiosteal empyema and an
orbital abscess are extensions and complica-
tions of OC, but differ significantly in their
nature and require different therapeutical
approaches.

An abscess is a collection of pus that has been
accumulating within a tissue [2]. It is a defensive
reaction to prevent the spread of infectious mate-
rial to other parts of the body. An abscess is com-
posed of an abscess wall (or: capsule), which is
formed by adjacent healthy cells in an attempt to
keep the pus from infecting neighboring
structures. However, such an encapsulation may

prevent penetration of antibiotics and immune
cells from attacking bacteria present within the
pus or from reaching the causative organism or
foreign object. Therefore, treatment of an abscess
consists of opening the abscess wall and draining
its contents. In contrast, an empyema is a collec-
tion of pus in an extant space, such as the space
between the bone and the periosteum. There is no
capsule that hampers antibiotics to reach their
target.

Another misconception, in our understanding,
is the classification of the progression of the
inflammation as proposed by Chandler et al. [3]:
L. preseptal cellulitis > II. diffuse infiltration of
the orbit (OC) > III. subperiosteal abscess > I'V.
orbital abscess > V. cavernous sinus thrombosis.
In our series, only 2 out of 68 patients with pOC
developed a rOC [4], i.e., 2.9%. It is more plau-
sible to assume that bacteria spread to the most
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adjacent structures. So, infections of the ethmoid
sinuses spread primarily to the orbit, whereas
infections of the sphenoid sinus spread to the
cavernous sinus and infections of the frontal
sinus spread preferentially to the orbit and to the
brain.

We have defined the several presentations of

OC as follows [4]

1. Diffuse OC: Diffuse or localized infiltration
of the orbital fat without fluid collection or
rim enhancement (Fig. 19.2).

2. Orbital subperiosteal empyema: Fluid collec-
tion between the orbital wall and the perior-
bita (Fig. 19.3).

3. Orbital abscess: Fluid collection with periph-
eral enhancement and intraorbital extension
through a defect of the periorbita (Fig. 19.4).

Fig. 19.2 Diffuse infiltration of the medial part of the
orbit secondary to ethmoidal sinus disease

Fig. 19.3 Orbital abscess: fluid collection with periph-
eral enhancement and intraorbital extension through a
defect of the periorbita

Fig. 19.4 Orbital abscess: fluid collection with periph-
eral enhancement and intraorbital extension through a
defect of the periorbita

Epidemiology and Presentation

OC is a disease of all ages. Over a period of
26 years, 53 adults with OC were seen at a uni-
versity clinic in Split, Croatia [5]. For 6 years, 28
children with OC were seen at a university clinic
in Marrakech, Morocco [6]. In the University
Medical Center of Amsterdam, we have seen 116
patients, both children and adults, with OC dur-
ing a period of 7 years [4]. Sixty-eight of them
had pOC, 48 had rOC. Seventeen patients (25%)
with pOC were younger than 9 years of age;
another 17 (35%) with rOC fell in the same age-
group. In conclusion, OC—albeit pOC or rOC—
is rather rare. The reported incidence is 0.1-3.5
per 100,000 individuals [7]. It is assumed that
children suffer from OC more often than adults.
This is not in accordance with our experience, but
this may be due to referral bias. In our series,
47% of the patients with pOC and 77% of the
patients with rOC were male.

Clinical symptoms of pOC are diffuse eyelid
swelling, eyelid redness, chemosis, and conjunc-
tival redness. Symptoms of rOC are in addition:
pain, exophthalmos, eye motility impairment, a
relative afferent pupil defect, retinal vascular
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Fig. 19.5 Young child with swollen ptotic and red eyelid
suggestive for orbital cellulitis

involvement, loss of visual functions, and a swol-
len optic nerve head as the result of compression
of the optic nerve. If the eyelids are swollen and
tight to such an extent that the eye itself cannot be
inspected and the abovementioned symptoms
cannot be assessed, the condition must be
regarded as a pOC (Fig. 19.5).

Etiology, Differential Diagnosis
and Complications

The most frequent cause of OC is an extension
of paranasal sinus disease. Inflammation of the
ethmoid sinus can co-exist with signs of pOC or
with a rOC. The medial wall of the orbit is paper-
thin (hence, its name lamina papyracea).
Extension of infectious material along vessels
through the openings in this wall or retrograde
spread by the interconnecting valveless venous
system of the orbit and the sinuses easily results
in OC. pOC is also seen as a complication of der-
matitis. The diagnosis is based upon the pres-
ence of the clinical symptoms in combination
with (a history of) upper respiratory disease or
dermal disease. MRI scans or CT scans of the
orbit and paranasal sinuses are indicated in case

of doubt and to differentiate between the possi-
ble sources of origin and the different orbital
presentations. A peculiar form is cellulitis of
odontogenic origin, which is feared for its bad
outcome [8].

In general, a distinction is made between OC
in adults and in young children. According to
Harris et al. [9] the populations of causative bac-
teria in children under the age of nine are usually
monomicrobial in nature and less aggressive than
those found in older patients. Therefore, they
would better respond to antibiotic therapy. In
odontogenic cellulitis, in contrast, a polymicro-
bial infection consisting of both aerobic and
anaerobic bacteria is responsible for the bad out-
come [10].

The eyelid swelling and redness as seen in
pOC must be differentiated from severe conjunc-
tivitis, secondary to severe uveitis or endophthal-
mitis, and secondary to eyelid or orbital surgery.
A mosquito bite, allergic reactions, or malignan-
cies such as a rhabdomyosarcoma or non-
Hodgkin lymphoma can also be mistaken for OC.

Apart from blindness, extension to the cavern-
ous sinus resulting in thrombosis and extension
to other intracranial loci are feared complications
of OC. Cavernous sinus thrombosis will be dis-
cussed at the end of this chapter. In our series, we
have seen three children and one adult with intra-
cranial spread of OC. Interestingly, they had a
short history of disease (less than 4 days) and
presented with manifestations of cerebral spread,
already at their admission to the hospital
(Figs. 19.6 and 19.7). They all survived and none
had long-term complications.

Other long-term complications are diplopia
due to motility impairment and eyelid abnormali-
ties (retraction, entropion, ptosis, and lasting
swelling.
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Fig. 19.6 and 19.7 CT scans showing orbital cellulitis and cerebral involvement

Treatment and Outcome

Since classical times, the adage “ubi pus, ibi
evacua” (pus must be surgically drained wherever
it shows itself) has been cherished in western
medicine and through empowerment of time
modern-age, medical doctors act almost automat-
ically to the term abscess with an intention to
operate. In our series, we found many cases in
which surgery had been performed without clear
indications. In the era of antibiotics, the need for a
surgical approach of OC has dramatically
decreased. Souliere and Harris demonstrated that
medical treatment alone is safe in most children
younger than 9 years of age [11, 12]. In our retro-
spective series, 68 patients with pOC were treated
with antibiotics (74% orally, and 26% intrave-
nously administered). Five patients (7%) under-
went orbital surgery (incision and drainage, the
indication could not be retrieved). All patients
with pOC recovered completely without any com-

plication. We therefore suggest ambulatory oral
antibiotics as an initial treatment for patients with
pOC plus careful watching. We found that only
two patients (3%) with pOC developed a rOC.

Of 48 patients with rOC, 83% had co-existing
paranasal sinus disease. All patients were admit-
ted to the hospital. Nineteen patients (40%) were
treated with intravenously administered antibiot-
ics alone. The remaining 29 patients (60%)
underwent surgery as well (21 underwent exter-
nal orbitotomy with or without sinus surgery; 8
underwent sinus surgery alone). Retrospective
evaluation between the two groups (antibiotics
alone versus antibiotics plus surgery) revealed no
significant changes in age, gender, duration of
disease prior to admission, presumed origin of
the disease, intraorbital localization of the inflam-
mation, and cultured bacteria. In other words, the
criteria for surgery could not be clarified. Was it
the term subperiosteal abscess that prompted
surgery?



314

M. P. Mourits

In our initial radiological reports, orbital
abscess was mentioned in 16 patients.
Re-examination of the MRI scans and CT scans,
using the abovementioned criteria, resulted in 12
subperiosteal empyema’s and only four true
orbital abscesses in a series of 48 patients with
rOC (8%).

Three out of 48 patients (6.5%) experienced
permanent blindness due to the inflammation. In
contrast, one 58-year-old woman without any
light perception for 24 subsequent hours left the
hospital with normal visual functions. Other
long-term complications were reduced motility
in five patients, ptosis in two patients, and lag-
ophthalmos in another two patients. These com-
plications seemed to be caused by excessive
fibrosis secondary to the inflammation. A prudent
use of adjuvant systemic steroids may therefore
be considered [13].

In conclusion, in patients with rOC we advise
to start with intravenously administered antibiot-
ics. If the response is not sufficient within the
next 48-72 h, surgery can be considered.
Immediate surgery is advised in cases with: (1) a
tight orbit with signs of compressive opticopathy,
due to raised intraorbital pressure [14] as a conse-
quence of space-taking swellings in the orbit,
such as a very large subperiosteal empyema
(compare with retrobulbar hemorrhage), (2) true
orbital abscess, and (3) odontogenic OC.

Cavernous Sinus Thrombosis
and Mucormycosis

Cavernous sinus thrombosis (CST) is notorious
for its bad prognosis in terms of mortality and
morbidity, but frequencies of these are based on
old series. Using the files of the University
Medical Center at Amsterdam during the period
2005-2017, we found only 12 patients with
CST. Eleven survived and nine recovered without
any permanent deficits [15]. Patients presented
with eyelid swelling, chemosis, proptosis, high
rates of impaired ocular motility, and signs of

optic neuropathy. In contrast to “simple” OC,
patients with CST more often had bilateral eye
symptoms, high fever, and severe headaches. CT
scans—or preferably contrast-enhanced MRI
scans—show direct and indirect signs of
CST. Direct signs are expansion of and filling
defects in the cavernous sinus. Indirect signs,
caused by venous obstruction, are dilatation of
the superior ophthalmic vein, exophthalmos, and
increased dural enhancement of the border of the
cavernous sinus. An associated sign is secondary
thrombosis. In our series, 50% of the CST was
caused by extension of an infection of the sphe-
noid sinus. Other causes were otitis media, fungal
rhinosinusitis, pharyngeal infection, and menin-
gitis. Treatment consists of intravenously admin-
istered antibiotics in combination with surgical
(endoscopic) drainage of the initially infected
spaces or paranasal sinuses. In addition, selective
anticoagulation therapy should be considered.

Rhino-orbital mucormycosis is a rare and
opportunistic fungal infection, which is seen in
patients with diabetes mellitus or ketoacidosis as
well as in immunocompromised individuals. At
the early stage of the infection, occlusion of
blood vessels and subsequent thrombosis and
necrosis can lead to a blind and immobile eye.
Immediate treatment of the underlying disease
together with extensive surgical debridement
(often including orbital exenteration) and sys-
temic antifungal drugs can be life-saving
(Fig. 19.8).

Fig. 19.8 A 20-year-old woman with status after eyelid-
sparing exenteration for mucormycosis after ketoacidosis
in diabetes mellitus
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e Watch carefully when, after the removal
of an infected tooth-molar the patient
returns with complaints in or around the
eye

e If there is suspicion of orbital involve-
ment of an original dentogenic infec-
tion, do not hesitate to employ early
intervention

Introduction

A 50-year-old female, otherwise healthy patient
visited the dentist because she suffered from mild
toothache problems in the left upper jaw since
6 days. The dentist diagnosed a deeply carious
non-vital upper molar which was subsequently
removed. The molar removal did not result in an
apparent oro-antral communication. In the days
following the removal, the patient developed
swelling of the ipsilateral side of the face, reason
for the dentist to start antibiotic therapy: amoxi-
cillin 500 mg 3 times per day orally. Despite the
antibiotics, the infection continued to spread pro-
gressively, including swelling around the eye.
Once fever developed, the patient decided to visit
the general practitioner (GP). The GP directly
referred the patient to the outpatient clinic of oral
and maxillofacial surgery for further evaluation
and treatment.
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Fig. 20.1 and 20.2 Presentation of a 50-year-old patient with periorbital swelling and proptosis in a frontal (Fig. 1)

and a lateral (Fig. 2) view

Physical Examination

On her visit to the clinic, we saw a moderately
sick woman, in mild distress, with a body tem-
perature of 37.8 °C, a blood pressure of 140/85,
blood values showed a CRP 185, and leucocytes
16.8, including a left shift. Intraorally, there was
an undisturbed alveolus healing without dis-
charge. An oro-antral communication could not
be demonstrated.

Visual inspection showed an erythematous
swelling of the left half of the face with impres-
sive ipsilateral eyelid involvement (Figs. 20.1
and 20.2). On palpation, there was a tense swell-
ing of the left upper eyelid. There was spontaneous
discharge of purulent material from the medial
canthal region. The patient was not able to open
the eye spontaneously and after manual opening
of the eyelids, the pupil was not reactive to direct
light stimulus, and in addition, the patient denied
vision. The globe felt firm on pressure while the
iris showed a cloudy aspect. There was extreme
limitation of globe motility, and ductions were
not possible.

Fig. 20.3 Panoramic X-ray with obscuration of the left
maxillary sinus. Note the extraction alveolus of the upper
left first molar and the close relationship with the maxil-
lary sinus

Radiological Examination

The orthopantomogram showed obscuration of
the left maxillary sinus (Fig. 20.3). Additional
computer tomography (CT) examination of the
head and neck area showed a fluid level of the
maxillary sinus on the left-hand side, which is
consistent with an inflammatory process cranial
of the alveolus of the removed upper left first
molar. The inflammation extended, through the



20 Orbital Cellulitis as a Result of Spread of Odontogenic Infection

319

Fig. 20.4 Coronal and axial slide of the CT scan. The
oral-antral communication is visible with partial obscura-
tion of the maxillary sinus to flow out the nasal infundibu-

nasal infundibulum superiorly into the left eth-
moid sinus and, after perforation of the extremely
thin lamina papyracea, in the orbital space
(Fig. 20.4). In the orbit, a pus pocket was visible
under the inferior rectus muscle with gas forma-
tion. Another pus pocket was diagnosed in the
upper eyelid which was connected to the supra-
and retrobulbar space. There was no evidence of
intracranial spread-extension of the infection
(Fig. 20.4).

Therapy

The patient was subsequently taken to the operat-
ing theatre to carry out an emergency incision
and evacuation of the pus pockets under general
anaesthesia, leaving drains both intraorally at the
location of alveolus upper left first molar where
an oro-antral opening was created for adequate
drainage of the maxillary sinus and at the loca-
tion of the lower and upper eyelid in the orbit
(Fig. 20.5).

The drainage material was sampled and sent
for microbiology culture. The culture outcome
showed growth of Streptococcus anginosus and
Bacteroides, both sensitive to Augmentin
(amoxicillin + clavulanic acid). Due to insuffi-

onl] S 0 IR
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lum to the ethmoid sinus and resulting in a spread of the
abscess along the medial wall of the orbit (lamina papyra-
cea) into the orbit

cient clinical improvement of the swelling and
pupil reaction, the patient was transferred to an
academic hospital. Unfortunately, it turned out
that bulb rupture had already taken place and
vision of the left eye had been lost. It was then
decided to perform evisceration of the left eye
while retaining the sclera and the extraocular eye
musculature (Fig. 20.6). After extensive intrave-
nous antibiotic treatment during a period of
2 weeks hospitalization, the patient made a good
clinical recovery. At a later stage, an acrylic
implant was placed in the vacant eye cavity
(Figs. 20.7 and 20.8).

Contemplation

In this specific case, the periapical infectious pro-
cess had developed into a maxillary sinusitis. In
time, the isolated sinus infection extended along
the nasal infundibulum into the ethmoid cells.
From here, perforation of the lamina papyracea
occurred resulting in further spread of the infec-
tion into the orbital cavity and upper and lower
eyelids. Especially the impressive swelling of the
upper eyelid that obscured the eye accordingly
was of most concern to the patient. There were no
obvious complaints from the mouth; no residual
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Fig. 20.5 Intra-operative image of the drainage of the
abscess of the lower and upper eyelid. Through these
access points, the abscess could be released of the pus at
the upper eye lid, and the lower eye lid to the orbital floor

Fig. 20.6 Post operative image without the implant,
orbital cavity visible

swelling or discharge was reported or seen after
the molar removal. The purulent infection which
was insufficiently responsive to antibiotic treat-
ment eventually resulted in a pre- and retroseptal
and retrobulbar abscess. The course of the illness
was further complicated by complete loss of
vision, probably due to compression of the vaso
nervorum and direct compression of the optic
nerve. Bulb rupture resulted as a consequence of
increased pressure in and around the eye cavity.
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Fig. 20.7 and 20.8 Postoperative image with eye implant in situ

Discussion

Orbital infections (cellulitis and abscess) are
infections of orbital tissue with various causes
such as trauma, as a complication after eye sur-
gery, tear duct infections, eyelid infections and
dental infections. In 1970, Chandler developed a
classification method for infections of the orbit
which, however, is currently open to debate
(Table 20.1) [1]. An apparent distinction here is
a preseptal infection (stage I), which often can
be treated with antibiotics, compared to retro-
septal infection (other stages), which requires
more frequent surgical intervention. An odonto-
genic cause of an orbit infection is very rare.
However, should this complicating pathway
occur, there is usually retroseptal abscess forma-

Table 20.1 Chandler’s classification system for infec-
tions of the orbit

Stadium I Preseptal Infection and oedema
cellulite anterior of the orbital
septum (preseptal)
Stadium IT | Orbit cellulitis | Extension of infection
posterior of orbital
septum (retroseptal)
Stadium III | Subperiosteal | Abscess between the
abscess peri-orbita and the
orbital wall
Stadium IV | Intraorbital Abscess within orbita
abscess content
Stadium V| Sinus Extension of
cavernosus inflammation and
thrombosis posterior phlebitis

with thrombus
formation to sinus
cavernosus with
bilateral eye
abnormalities
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tion (Stage III or IV) requiring surgical interven-
tion. Successively, the aetiology, symptoms,
treatment and outcomes of odontogenic orbit
infections will be discussed.

Aetiology

The immune status of the patient appeared to
have a predictive role for the causative agent of
an odontogenic orbital infection. In patients with
a normal functioning immune system (immune
competence), there is usually a bacterial agent
causing the infection [2]. The most common
pathogens are anaerobic bacteria (mouth flora),
S. aureus (in some cases multidrug-resistant
Staphylococcus aureus, MRSA), S. epidermidis,
haemolytic Streptococci, Pseudomonas aerugi-
nosa and S. milleri. In many of the infections, a
combination of bacteria are responsible for the
infection [2, 3]. In immunocompromised patients,
such as patients with disordered diabetes melli-
tus, chemotherapeutic treatment or use of immu-
nosuppressants, in addition to bacteria, fungi are
the secondary cause of orbital infection.
Ketoacidosis in a dysregulated diabetes patient
leads to a structural change of neutrophils, and
both immunosuppressants and chemotherapy
reduce the quality and quantity of functioning
neutrophils and macrophages. This reduces the
immune response in these patients to withstand
fungal infections. Common pathogens in immu-
nocompromised patients are Aspergillus and
Mucorales [2].

Spread of the Infection

The route along which a dental infection can
spread is largely determined by the relationship
between the radix, bone, adjacent muscle attach-
ments and fascial blades, air spaces and gravity.
In odontogenic orbit infections, four different
routes have been identified in which an odonto-
genic infection can spread towards the orbit [3]
(Fig. 20.9). The most common route is from the

apices of premolars or molars to the maxillary
sinus. The infection then spreads easily to the air-
bearing adjacent ethmoid cells (ethmoid sinus)
via the infundibulum nasi. Here the infection can
spread to the orbit without too much resistance
via perforation of the paper-thin lamina
papyracea. Also, after having spread to the adja-
cent maxillary sinus, the infection may travel
superiorly to the orbital floor. The infection can
spread to the orbit through bone erosion of the
orbital floor or via the infraorbital canal [4]
(Fig. 20.9a). The second route is along the fossa
canina between the bone (the buccal cortical
plate) and the periosteum (periosteum) towards
the periorbital tissue. In the third route, infection
spreads from the molar region through the ptery-
gopalatine fossa and the communicating infra-
temporal fossa to the orbit through the cranial
inferior orbital fissure (Fig. 20.9b). The last route
is through the facial plexus veins. Because the
facial veins, eyes and paranasal sinuses are con-
nected without the presence of valves, an infec-
tion or a septic thrombo-embolus can spread to
the orbit as a result of haematogenic regurgitation
[3, 5] (Fig. 20.9¢). With this extension pathway:
watch for early signs of septic cavernous sinus
thrombosis.

Symptoms

Proptosis and periorbital oedema are the most
common symptoms of an odontogenic orbit
infection [3, 4]. When the infection spreads post-
septically, it can result in increased eye pressure,
manifested in decreased eye tracking move-
ments, loss of vision or retrobulbar pain, due to
pressure on the vasa nervorum orbita [4]. A dis-
turbed pupil reaction is much rarer; this probably
occurs as a result of pressure on the ciliary gan-
glion (efferent pathway), here the indirect pupil
response should also be tested. If disturbed, this
indicates compression or infection of the optic
nerve (afferent trajectory). For the diagnosis,
additional imaging by contrast CT scan is indi-
cated to visualize the infection/abscess with
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Fig. 20.9 Spread route odontogenic infection: (a) I via
maxillary sinus—infundibulum nasi—ethmoid sinus—
perforation lamina papyracea—orbit. II via maxillary
sinus—erosion orbital floor—orbit. III via subperiosteal
route along the canine fossa or buccal vestibule—perfo-

edge staining. In addition to periapical radiolu-
cency at the apex of an odontogenic focus, this
often shows ipsilateral obscuration of the maxil-
lary sinus. In addition, in the case of a subperios-
teal abscess (stage III) or orbit abscess (stage
IV), the scan shows the exact pus location [3]
(see Chap. 4).

Therapy

In addition to treatment of the odontogenic focus
through extraction of the responsible tooth, direct
antibiotic treatment with broad spectrum antibi-
otics is the cornerstone of the treatment of odon-

rate eyelid septum—orbital septum—orbit. (b) Via pter-
ygopalatine fossa—infra-temporal fossa—infra-
orbital-fissure—orbit. (¢) Via retrograde venous flow
through valveless facial plexus—orbit/cavernous sinus
(Courtesy of Serge Steenen)

togenic orbital infections. Treatment consists of a
combination of antibiotics (augmentin, cefurox-
ime and/or metronidazole) for adequate cover-
age, which can be specifically adjusted after
cultivation of the responsible bacteria [2, 3, 5]. In
addition, corticosteroids (prednisone or dexa-
methasone) can also be given in the case of
orbital cellulitis. The anti-inflammatory medica-
tion is said to have a rapid effect on pain, fever,
periorbital swelling and reduction of proptosis,
although the effect on vision in the long term has
not been demonstrated. This makes both the dose
and timing of corticosteroid treatment a subject
of discussion [6]. In immunocompromised
patients, local and systemic antifungal treatment
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should also be started and any dysregulated glu-
cose level should be treated [2].

In the case of a subperiosteal abscess (stage
II) or orbit abscess (stage IV), surgical interven-
tion is necessary. In addition, with an odonto-
genic orbital infection without evident abscess,
one should be wary of a more fulminant course
than with an average orbital infection. In cases of
an orbital cellulitis (stage II), in addition to anti-
biotic treatment, surgical treatment is also indi-
cated in a few cases [5]. The approach to an
orbital abscess depends on the location of the
abscess on the CT scan, but in most cases, it will
be an open approach through the conjunctiva
(with medial or lateral canthotomy), through the
lower eyelid to the orbital floor. In addition, the
maxillary sinus often needs to be drained, which
can be done via the alveolus of the causal tooth or
via a Caldwell Luc approach or a transnasal
approach. In the case of a medial orbital abscess,
an endoscopic approach is sometimes used with
removal of the anterior part of the ethmoid sinus
and lamina papyracea by an ENT surgeon [3, 4].
In a rare case of rapidly progressive infection,
strong pressure on the eyeball with pain, propto-
sis and loss of vision, an acute canthotomy is
indicated. At the level of the lateral canthus, a
sharp preparation is carried out along the tempo-
ral part of the orbit in a dorsal direction, so that
the dorsal pressure-increasing moment can be
acutely relieved or eliminated.

Outcome

If an odontogenic infection of the orbit is recog-
nized too late or left untreated, this can lead to
loss of vision. Analysis of 24 patients with an
orbital infection showed that half retained mod-
erate to good vision, but the other half retained
only light perception or no vision at all. The need
for (multiple) surgical intervention by means of
incision and drainage is associated with a higher
risk of permanent loss of vision. In addition, a

more serious visual impairment at presentation
such as limited light perception (afferent) or even
no light perception appears to be associated with
a higher risk of permanent loss of vision [7]. If
surgical intervention is necessary, treatment
within 24 h seems to give a higher chance of
complete visual recovery than treatment after
2-7 days [3]. Loss of the eye, as in this case, is
very rare.

Conclusion

Although rare, odontogenic infections may
spread into the orbit and can result in loss of
vision as a result of orbital abscess development
and subsequent necessary globe evisceration.

Despite the removal of the involved molar
tooth, the periapical infection had already devel-
oped into an independent infectious process.

Although the patient had been treated, fulmi-
nant postoperative complications still may occur.
Do not underestimate post extractionem signs
and or symptoms; once complaints of eye
involvement are reported, immediate evaluation
and appropriate targeted treatment should be car-
ried out.
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Periocular Necrotizing Fasciitis

Maarten P. Mourits

Learning Objectives

* The diagnosis of necrotizing fasciitis
can be troublesome, but an early start of
treatment is essential to prevent death.
So, in case of doubt, go for the worst-
case scenario.

Introduction

The infection, which sometimes starts at a small
skin lesion (varicella for example) or after sur-
gery, spreads along the fascia of the muscles and
causes necrosis of the skin, subcutaneous fat, fas-
cia, and sometimes the underlying muscles. In
common parlance, bacteria causing NF are there-
fore called “flesh-eating bacteria.” NF is a rare
disease in which a multitude of factors play a
role. Large series of patient cases are lacking and
hence reports on incidence, etiology, prognosis,
mortality rate etcetera are often conflicting. NF
seems to be more common in men than in women.
It occurs more frequently in African and Asian
countries. It is extremely rare in children.

Many risk factors (diabetes mellitus, burns,
intravenous drug use, varicella, immunosuppres-
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sion, malnutrition, age >60 years, decreased kid-
ney function, malignancy, and arterial
vasculopathy) have been suggested, but diabetes
mellitus appears to be the most important. From
a systematic literature search including 1463
patients, it is evident that in almost 50% of cases
diabetes mellitus is a comorbidity [1].

NF must be differentiated from erysipelas
(which has a less fulminant course) and gas gan-
grene by means of culturing micro-organisms
from infected tissues. In addition, orbital celluli-
tis must be distinguished from PONF. Signs that
help to come to a right and early diagnosis are
pain that is out of proportion, failure to respond
to broad-spectrum antibiotics, and the presence
of bullae and necrosis [2].

Presentation

Necrotizing fasciitis (NF) is a life-threatening
bacterial or fungal infection of the subcutaneous
tissues. Most often, the extremities and the peri-
neal region are involved [1], but occasionally
the eyelids and other parts of the face are the
target of the infection (Figs. 21.1, 21.2,21.3 and
21.4). In that case, we speak of periocular nec-
rotizing fasciitis (PONF). Characteristic for the
disorder is extreme pain together with swelling
and redness of the skin. Within hours to days,
the area turns from red to purple and then to
black. Bullae may arise, and crepitations can be
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Fig. 21.1 and 21.2 A 68-year-old male with PONF of the left part of his face starting around the orbit at admission

and 72 h later after debridement

Fig.21.3and 21.4 A 84-year-old male with PONF of the left orbit after debridement and after rehabilitative surgery

felt. The inflamed area is relatively painless,
whereas the adjacent parts are extremely pain-
ful. Next, the patient becomes seriously ill and
somnolent with high fever, nausea and diarrhea,
leukocytosis, and high sedimentation rates.
Release of toxins can cause toxic shock syn-
drome associated with multi-organ failure an
acute respiratory distress syndrome. Without
treatment, the disease is fatal within 24-72 h.

Etiology

Four types of NF can be distinguished as

follows

1. Type 1: Caused by a mixed flora of anaerobic
and aerobic bacteria. This type is seen most
often in patients with diabetes mellitus.
Crepitations may be present. It is assumed

that 70-80% of all cases belong to this type.
The prognosis is relatively good.

. Type 2: Caused by group A p-hemolytic

Streptococcus (i.e., Streptococcus pyogenes)
and by many other types of bacteria.
Streptococcus pyogenes is found in 20-30%
of cases of NF, but in up to 85% of patients
with PONF [3]. This type of NF is especially
seen in previously healthy individuals and is
known for its fulminant course with toxic
shock syndrome. Untreated, it is almost
always lethal. However, PONF caused by
Streptococcus pyogenes has a much better
prognosis.

. Type 3: Caused by Vibrio species from seawa-

ter. This type is seen especially in Asian coun-
tries and has a high mortality rate.

. Type 4: Caused by fungi (e.g., Candida). This

type also has a high mortality rate.
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Treatment

Treatment initially consists of intravenous
administration of broad-spectrum antibiotics
and surgical removal (debridement) of the
necrotic tissues. Every 2 h the boundaries of the
inflamed tissues have to be demarcated with a
dermo-marker in order to follow progression of
the disease. Because of obliteration of blood
vessels and tissue necrosis, the antibiotics not
always reach their targets and this explains the
initial failure of medical treatment. So, it is
important to remove the necrotic tissues until
healthy tissue is attained. This must be repeated
until the inflammation is gone. It is not excep-
tional that at least five sessions are required [3].
It is evident that antibiotic treatment should be
adjusted accordingly as soon as the causative
pathogens have been identified. In addition to

local measures, general (hemodynamic, respira-
tion) measures must be taken [4]. Once the
inflammation is gone, reconstruction of the tis-
sue defects with free or pedicled flaps can be
undertaken (Fig. 21.4).
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Applied Surgery of the Eyelids

Maarten P. Mourits

Learning Objectives

* Observation of the eyelids, globe posi-
tion, and pupillary reflex may uncover
life-threatening conditions.

e Upper eyelid surgery can best be
approached from the skin crease.

e Lower fornix incision as done in orbital
fracture surgery carries the risk of creat-
ing a cicatricial entropion.

e Intermittent eyelid edema is seen in
patients with the blepharochalasis syn-
drome, a diagnosis that is often missed.

Introduction: Anatomy

The eyelids are composed of two lamellae, the
outer (or: anterior) lamella consists of the skin
and the orbicularis muscle, whereas the inner (or:
posterior) lamella consists of a firm plate, called
the tarsal plate, and the conjunctiva. The conjunc-
tiva of the eyelids is continuous with the conjunc-
tiva of the bulbus via a curved bobby-pin-like
structure called the fornix.
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Horizontally, the eyelids are medially con-
nected via de medial canthal tendon to the perios-
teum of the medial ridge of the orbit. The medial
canthal tendon consists of an anterior and a pos-
terior crus, which enfold the lacrimal sac.

Laterally, the eyelids are connected via the lat-
eral canthal tendons to a small elevation on the
lateral wall just posterior to the orbital ridge,
called Whitnall’s tubercle. Vertically, the eyelids
are connected to the lid retractors. The upper con-
tains two retractors: the levator muscle, inner-
vated by the oculomotor nerve, and Miiller’s
muscle, which is innervated by orthosympathetic
neurons. The origin of the levator muscle is the
annulus tendineus communis (or: annulus of
Zinn). Whitnall’s suspensory ligament stretches
from the fascia around the trochlea horizontally
to the fascia of the lacrimal gland and supports
the eyelid and the levator aponeurosis. It allows
for a vector change of the levator muscle, enabling
the upper eyelid to be elevated rather than directly
retracted posteriorly. Anterior to the retractors
lies yellow fat, called preaponeurotic fat, not to
be mistaken with the fat underneath the eyebrow.
In the lower eyelid, the retractors are less well
developed and connected to the inferior rectus
muscle. The orbital septum (Fig. 22.1) is a thin,
but firm, fibrous structure stretched out between
the orbital rim and the transition of the eyelid
retractors to the tarsal plate. Extensions of the
levator tendon, called aponeurosis, fuse with the
medial and lateral canthal ligaments and insert
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into the skin, creating a skin or eyelid crease.
This skin crease determines someone’s looks. In
Asian people, the skin crease is often hidden by a
skin fold (and fat). Asymmetry of the skin crease,
and as a consequence asymmetry of the pretarsal
area, is almost always experienced as a cosmeti-
cally disturbing feature [1] (Fig. 22.2). In adults,
the horizontal eyelid aperture measures approxi-
mately 35 mm and the vertical aperture 8—11 mm.
The border of the inferior eyelid touches the cor-
neal limbus at 6 o’clock, whereas the upper lid
covers the cornea for about 2 mm at the 12
o’clock position [2]. The eyelid aperture is deter-
mined by the tension of the retractors on the one
hand, and the tension of the orbicularis muscle at
the other hand. The orbicularis muscle is inner-
vated by the facial nerve (CN VII). The tarsal
plate of the upper eyelid (8—10 mm) is about

Marginal arterial arcade

Fig.22.2 The skin crease partly covered by a skin fold at
the lateral side
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twice as high as that of the lower eyelid. The eye-
lid borders contain rows of eyelashes. Medially
to them, the lacrimal puncta arise, which are the
beginning of the canaliculi transporting tear fluid
to the lacrimal sac and, ultimately, to the nose.
Within the eyelids, a series of small glands are
found, which are essential for the permanent
lubrication of the eye. The lacrimal gland is
located in the upper lateral corner of the orbit and
consists of an intraorbital and a palpebral part.

Some Disorders of the Eyelids
and Their Management

The most common disorders of the eyelids, apart
from a chalazion, are dermatochalasis, blepha-
roptosis, entropion, ectropion, floppy eyelids,
and tumors of the eyelid. Common problems in
Graves’ orbitopathy are retraction of the upper
and/or lower eyelids (either too high or too low),
whereas in orbital fractures, entropion is regu-
larly seen after surgery. There is an abundance of
techniques to operate upon eyelids. For instance,
hundreds of techniques alone exist for the correc-
tion of entropion of the lower lid. The eyelid can
be approached from either the anterior (skin) side
or the posterior (conjunctival) side. We prefer the
anterior approach in order to avoid surgery to the
posterior lamella, because lesions of the palpe-
bral conjunctiva may be associated with tempo-
rary or lasting ocular irritation. Moreover, an
anterior approach can easily be combined with
skin resection (blepharoplasty). Upper eyelid sur-
gery can best start at the eyelid crease, whereas
the lower eyelids can best be approached with a
subciliary incision, the scar of which becomes
almost invisible after some weeks to months.

Dermatochalasis

Dermatochalasis is an excess of eyelid skin and/
or fat. It is seen especially in older people and in
smokers. The bleparochalasis syndrome [3] is a
disorder of unknown etiology, in which the upper
and/or lower eyelids, on one or both sides, swell
due to edema. Swelling disappears after a few

Fig. 22.3 Patient with blepharoochalasis syndrome of
recent onset

days, but repeated swelling stretches the skin and
finally disrupts eyelid architecture. The disorder
can start at any time of life (Fig. 22.3).

Blepharoptosis

Cosmetic or functional blepharoptosis (ptosis,
drooping eyelid) is one of the most common dis-
orders in oculoplastic surgery. The ptosis can be
present from birth (congenital) or appear at a
later age (acquired). To examine ptosis, after
excluding abnormal globe position and gaze
abnormalities, the distance between the pupillary
reflex and the margin of the upper eyelid is mea-
sured with a ruler, while the patient assumes the
primary sitting position (body and head straight
up, shoulders back, and looking forward). This
distance is called margin reflex distance 1
(MRD1). (MRD?2 is the reflex distance to the bor-
der of the lower eye lid.) Normally, MRD1 is
approximately 3 mm. In the Netherlands, insur-
ance companies reimburse ptosis surgery if
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MRDI1 is less than 1 mm. It should be noted that
ptosis is not a diagnosis, but a symptom, of which
the cause must be determined.

Congenital Ptosis

Ptosis becomes visible at a young age and is
more often unilateral than bilateral. Sometimes,
there is a long-standing family history of ptosis.
Typically, an eyelid lag is present at downgaze.
When the levator function is less than 5 mm, a
frontalis suspension is indicated. Ptosis in young
children can cause significant amblyopia.
Therefore, ptosis should be corrected as soon as
possible. The blepharophimosis syndrome is an
autosomal dominant disorder including bilateral
congenital ptosis, blepharophimosis, telecanthus,
and epicanthus inversus [4]. It can be associated
with infertility, microphthalmos, and other
conditions.

Aponeurotic Ptosis

This is by far the most frequent cause of ptosis, in
which innate weakness of the aponeurotic transi-
tion to the tarsal plate with our without mini-
traumas is assumed to contribute to its origin. It is
typically seen in patients wearing contact lenses
[5], in some families and at old age. Typically, the
skin crease has moved upwards, resulting in an
abnormally increased distance between the eye-
lid border and the skin crease. A deep superior
sulcus also fits the condition. Aponeurotic ptosis,
because of its presentation at a somewhat older
age, often presents in combination with dermato-
chalasis. Hence, in order to get a satisfactory sur-
gical outcome, ptosis correction should be
combined with a blepharoplasty in many cases.

Myogenic Ptosis

This is a rare form of ptosis and it is caused by
external ophthalmoplegia or ocular myopathies,
in which often not only the levator muscle is
involved but also other extraocular and non-
extraocular muscles. Hence, the risk of a postop-
erative corneal ulcer is much higher than in other
forms of ptosis surgery. Especially the Kearns-
Sayre syndrome—a mitochondrial muscle disor-
der—is of interest, because of its associated heart
rhythm abnormalities, which can lead to a sudden

cardiac arrest. The retina shows pigmentary alter-
ations typical for retinitis pigmentosa. Myasthenia
is another cause for ptosis. The disease itself
should be treated. Surgery on the levator is not
very beneficial.

Neurogenic Ptosis

A lesion of the oculomotor nerve (CN III), in par-
ticular involving the branch to the levator muscle,
causes complete ptosis. Surgery is usually not
possible because of the other manifestations of
oculomotor nerve palsy. Damage to the ortho-
sympathetic innervation causes 1-2 mm ptosis in
combination with a miosis (smaller-than-normal
pupil), which is called Horner’s syndrome. An
important factor causing this syndrome is a carci-
noma on the apex of the lung.

Mechanical Ptosis

Tumors of the eyelid can cause ptosis by their
weight, while cicatricial conjunctival conditions
may draw the eyelid downwards.

Marcus-Gunn Jaw-Winking Ptosis

This is a form of ptosis occurring during move-
ments of the mouth and is caused by aberrant
nerves branches.

Brow Ptosis

This is a condition in which the eyebrow is sag-
ging below the superior margin of the orbit. It
often presents with dermatochalasis.

Lash Ptosis

This is a condition in which the lashes of the
upper eyelid are directed downwards. The patient
has to look through his lashes.

The choice of ptosis surgery is determined by
the function of the levator muscle. The patient is
asked to look down and up. The excursion of the
eyelid is a proxy of levator muscle function
(normally more than 15 mm). Check that the
frontal muscle is not involved in elevation of the
upper eyelid. When levator muscle function is
more than 5 mm, levator reinsertion or plication
can be done. When levator muscle function is
less than 5 mm, a frontalis suspension may be
effective.



22 Applied Surgery of the Eyelids

337

Blepharoplasty

In case of an excess of skin with or without too
much eyelid fat, excessive skin and fat can be
excised. Although some patients report a number
of subjective complaints (“heavy eyelids”), the
most common indication for blepharoplasty is
cosmetic. However, one must not trivialize the
impact of a blepharoplasty on a patient’s well-
being. Dermatochalasis causes a tired look and is
sometimes mistakenly associated with alcohol
abuse or an exhausted physical state.
Dermatochalasis is sometimes associated with a
lacrimal gland prolapse. Soft lesions in the upper
lateral part of the eyelids may be palpable, and
these can also look like small eyelid tumors.
Treatment consists of repositing and fixing the
prolapsed part of the gland to the periosteum of
the superior margin of the orbit [6].

Levator Reinsertion/Plication

Preferably, levator reinsertion or plication is done
under local anesthesia, because during surgery
the eyelid aperture has to be checked (Fig. 22.4).
If general anesthesia is absolutely necessary, the
result of surgery is less predictable. After having
marked the skin crease with a dermomarker, a
few subcutaneous injections with xylocaine plus
epinephrine are given. A skin and orbicularis
muscle incision are made with a surgical knife

Fig. 22.4 A 54-year-old woman with dermatochalasis
and bilateral blepharoptosis

or—after having wetted the skin—with a mono-
polar electrocautery needle along the skin crease.
The septum is opened with a pair of Wescott scis-
sors, the preaponeurotic fat becomes visible and
it will be retracted with a Desmarres retractor.
Next, the tarsal plate and the aponeurosis are
exposed and a 6.0 Daclon suture (Daclon, because
of the particular shape of its needle that easily
cuts through the stiff tarsal plate) is placed
through the upper part of the tarsal plate anterior
to the conjunctiva and through the aponeurosis.
When the suture knot is temporarily tied, the eye-
lid comes up. The patient is put in a supine posi-
tion, and the eyelid aperture is inspected. If the
eyelid is still too low, the suture is tightened; if
the eyelid is too high, the suture is loosened. If
the eyelid contour is still not satisfying, a second
suture is placed next to the first one. The skin is
closed with a 6.0 Nylon suture which can be
removed after 7 days. This technique takes only
20-30 min in experienced hands and yields satis-
fying results in almost all patients with a levator
muscle function of more than 5 mm. Only a few
patients need a second procedure, during which
an incision through the previous scar is made and
the sutures are adapted. No absorbable sutures
should be used, because of the risk or a recur-
rence of the ptosis.

Frontalis Suspension

After six stab incisions (three through the skin of
the upper lid (2-3 mm above the lash line), one at
the medial border, one at the lateral border of the
eye brow, and the sixth 1-2 cm above the eye
brow right above the pupil in the primary posi-
tion), a silastic sling or a fascia lata strip is passed
underneath the skin and sutured at the top end. At
the end of the surgery, the tension of the strip
should be sufficient to put the eyelid margin at
the level of the limbus at 6 o’clock, with the
patient lying flat. The disadvantage of this tech-
nique (that has to be taken for granted) is some
degree of lagophthalmos. Hence, one has to use
lubricants, sometimes forever.
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(External) Browlift

A semi-ellipse of skin and subcutis just above the
brow is excised between the frontal nerve medi-
ally and the bifurcation of the facial nerve later-
ally. The wound is sutured with 5.0 Vicryl and 5.0
Nylon (intracutaneously). This extremely suc-
cessful procedure has only one disadvantage: It
takes 3—6 months before the scars become less
visible (Fig. 22.5).

Complications of Ptosis Surgery

Because of the enlarged eyelid aperture, there is
an increased risk of dry eye and even of corneal
ulcer. Therefore, lubricants must be used and
slowly tapering off according to the postoperative
course. In operations, in which the orbital septum
is opened, there is a small risk of retrobulbar
hemorrhage (see Chap. 13).

Ectropion and Entropion and Floppy
Eyelids

In both ectropion and entropion, the two lamellae
of the eyelid are dissociated. In ectropion, the
posterior lamella moves upwards, whereas in
entropion it is the anterior lamella that moves
upwards. Ectropion and entropion of the upper
eyelid are rare in Western countries and will not
be discussed. An ectropion (outward rotation of
the lid margin) of the lower lid is mostly involu-

Fig. 22.5 Male, 64 years of age, 3 months after external
brow lift

tional, i.e., caused by slackening of the underly-
ing connective tissue in the lower eyelid. Other
types of ectropion are congenital, cicatricial, or
paralytic. The outward rotation of the eyelid can
be more prominent at the medial side (so-called
medial ectropion).

Involutional ectropion is seen in elderly peo-
ple and often associated with horizontal laxity
and retractor weakness. A commonly used thera-
peutic procedure is horizontal shortening of the
eyelid by excising part of the lateral tarsal plate
and creating a new lateral canthal tendon. This is
called the lateral tarsal strip procedure. The lat-
eral canthal tendon, however, is not always found
as nicely as depicted in textbooks. Reconstruction
requires that the upper eyelid, which may be also
rather lax, covers the lower lid in the lateral cor-
ner. Sometimes, a small lateral tarsorrhaphy
helps to reach the desired outcome. Provided that
there is no significant canthal laxity, the eyelid
can simply be tightened by excision of a full-
thickness eyelid pentagon. This is especially
effective in medial ectropion. In ectropion with
predominant retractor weakness, characterized
by poor eyelid movement in downgaze, reinser-
tion or shortening of the retractors can add to the
positive outcome of surgery. Cicatricial ectro-
pion is caused by a shortage of skin, as seen in a
number of skin diseases (such as ichthyosis) and
after trauma or surgery. Sometimes, if the trac-
tion is superficial, a Z-plasty will be sufficient,
but more often a skin flap or a free skin graft is
needed to correct this kind of ectropion.

Involutional entropion is typically seen in
aging people. Due to the inward rotation of the
eyelid, the lashes point to the cornea and can eas-
ily damage the corneal epithelium. Treatment,
therefore, should not be delayed. A bandage lens
to protect the cornea against the lashes can be
inserted before surgery takes place. (N.B.:
Trichiasis is a condition in which not the whole
eyelid, but only one or more individual lashes
point to the cornea. (Repeated) coagulation of the
hair follicles of these lashes cures the problem.)
Similar to involutional ectropion, horizontal lax-
ity plays an important role. However, horizontal
shortening alone will not last in the long run. The
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shortening has to be combined with everting
sutures [7].

Cicatricial entropion is seen in diseases of the
conjunctiva or after (surgical) trauma. In severe
cases, the scar tissue has to be excised and
replaced by mucous membrane or hard palate
mucosa.

Floppy eyelids are lax eyelids that can easily
be everted. The phenomenon was first described
as the floppy eyelid syndrome in middle-aged
obese men and related to the obstructive sleep
apnea syndrome, but later it got a wider apprecia-
tion as a premature aging of the eyelid [8, 9].
Floppy eyelids easily cause chronic eye irritation.
Association with different conditions has been
described. Full-thickness excision of a pentagon
of the eyelid can result in lasting improvement
(Fig. 22.6).

Eyelid Tumors

There are numerous eyelid tumors, both benign
and malignant. Basal cell skin carcinoma is most
often seen in oculoplastic clinics. Mohs surgery
has become immensely popular. However,
basocellular carcinomas involving the eyelids
and in particular the eyelid margin should not be
left to a Mohs surgeon alone, who has no experi-
ence with reconstruction of (large) eyelid defects.
Close cooperation from the start between a Mohs
surgeon and an oculoplastic surgeon is advisable

Fig. 22.6 Floppy eyelid

Fig. 22.7 Full upper eyelid reconstruction with oral
mucosa and frontalis flap

to prevent “unforeseen” situations. Very small
tumors on the margin of the eyelid can be
removed by a shaving excision, larger lesions by
a full-thickness excision. If primary closure is
possible, it is the method of first choice. If not,
pedicled flaps can be used to close the defect. A
tarsoconjunctival flap (Hughes procedure) is
ideal to reconstruct a lower eyelid defect, a gla-
bella flap can be used to reconstruct medial
defects, and with a frontalis flap (in combination
with oral mucosa) a completely absent upper eye-
lid can be reconstructed (Fig. 22.7). Essential in
eyelid reconstruction is the recreation of both the
anterior lamella and the posterior lamella. The
inner (posterior) side should always be lined with
mucosa, for which buccal or labial mucosa can be
taken. Stability requires cartilage, for example,
auricular cartilage from the flattest part of the
helix of the pinna. The advantage of a hard palate
mucosal graft is that it offers both stability and
mucosal lining. Replacement of the orbicularis
muscle is never needed. Skin can be taken from
other eyelids or from the retro-auricular area or
the inner side of the arm. To prevent graft rejec-
tion, in composite reconstructions at least one
layer should be vascularized, but the second layer
may be a free flap. A frontalis flap is firm, so that
it does not need any additional support of carti-
lage or another material.
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Eyelid Retraction

Eyelid retraction is seen in 90% of patients with
Graves’ orbitopathy, but can also—although very
sporadically—be seen in other disorders. If the
retraction does not spontaneously disappear, the
eyelid must be lengthened. This can be attained
in the upper lid by a “reverse” ptosis operation.
The aponeurosis and Miiller’s muscle are dis-
sected from the tarsal plate until the desired posi-
tion is achieved. A non-absorbable hang-back
suture has to be placed between the tarsal plate
and the aponeurosis to prevent overcorrection
[10]. To correct lower eyelid retraction, a spacer
between the tarsal plate and the retractors is often
needed. This spacer can be either donor sclera or
auricular cartilage.

Epilogue

This overview of eyelid disorders and their man-
agement is far from complete and highly subjec-
tive. It mirrors the experience of the author in a
tertiary clinic in the Netherlands over a period of
more than 30 years.
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Anterior orbit, 26, 28 myogenic ptosis, 336
Aponeurotic ptosis, 336 neurogenic ptosis, 336
Arrestins mediate receptor, 283 Blood vessels dilate, 271
Arterial input function (AIF), 126 Blow-out fractures (BOF), 128, 201
Arterial spin labeling (ASL), 126 Blow-up fractures, 128
Arteriovenous (AV) fistulas, 177 Blunt trauma, 259
Arteriovenous shunts, 177 Bony building blocks, 8
Artificial intelligence, 121 Bony orbital cavity volume (OV), 280
Artificial intelligence (Al), 121, 126, 205 Bony orbit, lesions of, 134, 135
Astigmatism, 82 Botulinum toxin, 289
Auto-antibodies, 268 Botulinum toxin type A, 289
Autonomic nervous system, 101 Brain trauma, 259
Axial Globe Position (AGP), 171 Brainlab software, 225
Brow ptosis, 336
B
Balanced decompression, 297 C
Basocellular carcinomas, 339 Café-au-lait spots, 180
Beat Hammer’s key area, 4547 Caldwell Luc approach, 324
Bilobed exocrine gland, 73 Canal of Schlemm, 79
Binocular single vision (BSV), 150, 151, 155, 203, Canthal ligaments
209, 225 LCL, 69, 70
acquired/long-standing, 151, 153 MCL, 68, 69
in childhood, 150, 151 Cantholysis, 260
Cyclopean Eye, 150 Capillary/infantile hemangiomas, 175
field of, 156 Capsulopalpebral fascia, 67
level of, 150 Carboplatin, 175
© The Editor(s) (if applicable) and The Author(s) 2023 341

P. J. J. Gooris et al. (eds.), Surgery in and around the Orbit,
https://doi.org/10.1007/978-3-031-40697-3


https://doi.org/10.1007/978-3-031-40697-3

342

Index

Cavernous hemangiomas, 175

Cavernous sinus, 113, 114

Cavernous sinus thrombosis (CST), 314

Cavernous venous malformations, 134

Central retinal artery (CRA), 110

Central retinal vein, 113

Cerebrospinal fluid (CSF), 238

Chandler’s classification, 309, 321

Choroidal folds, 272

Cicatricial ectropion, 338

Cicatricial entropion, 339

Ciliary body, 102

Ciliary ganglion (CG), 101, 103, 105, 107, 108

Ciliary glands, 75

Ciliary muscle, 80

Ciliary veins, 113

Clinical activity score (CAS), 129, 275

CNI1IL, 91, 107

CN 111, 61, 92, 95, 107

CN 1V, 95,96

CN VII, 61

Collateral veins, 113

Color vision, 146

Compartment syndrome, 260

Complex (multi) fracture, 251

Complex midfacial fracture (CMF), 128

Computer-assisted evaluation, 224

Computer-assisted surgery (CAS), 217

Computer tomography (CT), 121-123, 128, 129, 135

Concomitant ophthalmologic and neurologic injuries, 239

Concomitant skull fractures, 239

Cone beam computer tomography (CBCT), 123, 204,
224,226

Cones, 145

Congenital ptosis, 336

Conjunctiva, 79

Conjunctival goblet cell (CGC) population, 74, 75

Connective tissue, 200

Conventional exophthalmometers, 172

Cornea, 79

Corticosteroid Randomization for Acute Head Trauma
(CRASH) trial, 260

Cranio-orbital foramen (COF), 29-31, 108

Cross-talk between TSH receptors and IGF-1 receptors,
282,283

Cyclopean Eye, 150

Cyclotorsion, 160

Cytokines, 281

D

Dacryoadenitis, 178

Deep head of the preseptal (DHPS), 69
Dermatochalasis, 333, 335

Dermoid cysts, 132

Desmarres retractor, 220

Destructive granulomatosis with poly-angiitis, 179
Diffuse intraconal metastasis of breast carcinoma, 182
Diffuse OC, 311

Diffusion-weighted imagine (DWI), 121, 124, 125, 130, 134
Dilated epibulbar vessels, 177

Diplopia, 149, 200, 209, 227
acquired/long-standing, 151, 153
and binocular single vision, 150, 151
in childhood, 150, 151
Cyclopean Eye, 150
level of, 150
causes of
abnormal structure, 154
head trauma, 153, 154
conservative treatment, 161, 162
abnormal head posture, 162
occlusion, 163
prisms, 162
evaluation, 161
monocular, 151
orthoptic investigative procedures, 154
binocular single vision, 155, 156
eye movement, 158, 159
eye position, 154
incomitant strabismus measurement, 159, 160
strabismus measurement, 155
surgical treatment, 163
Graves’ orbitopathy, 163, 164
strabismus, causes by other orbital conditions, 166
strabismus, in orbital fractures, 166
treatment of, 161
Disturbed pupil reaction, 322
Dixon technique, 124, 126
Dorsal nasal artery, 112
Double vision, 272
Ductions, 159, 160
Dynamic contrast-enhanced (DCE) perfusion, 125
Dysthyroid optic neuropathy (DON), 129, 272, 280,
292,295

E
Ectropion, 338, 339
Edema, 208, 279
Edinger Westphal Nucleus (EWN), 101
Elastic bone, 249
Elevation impairment, 272
Emission theory, 143
Enophthalmos, 172, 173, 181, 185-187, 217, 225, 227, 252
fracture, 181
metastasis of mammary carcinoma, 182
silent sinus syndrome, 181
varices, 181
Entropion, 220, 338, 339
Esotropia, 155
Ethmoid air cells, 247
Ethmoidal arteries, 111
Ethmoidal bone, 16, 17, 19
Ethmoidal foramina (EF), 33, 34
Ethmoidal veins, 113
Ethmoid sinus (EPS), 38
Euthyroid GO, 266
Euthyroidism, restoration and maintenance, 288, 289
Exophthalmos, 172-174, 188-192, 195, 267, 271-273,
279, 297
capillary/infantile hemangiomas, 175
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fibrous dysplasia, 180
idiopathic orbital inflammations (IOI), 180
lacrimal fossa lesions, 178
neurofibromatosis, 180
non-Hodgkin lymphoma, 177, 178
noninfectious inflammatory diseases, 179, 180
optic pathway glioma, 174, 175
orbital cavernous hemangioma (OCH), 175
orbital meningioma, 173, 174
rhabdomyosarcoma, 175, 177
Exotropia, 155, 166
External vrowlift, 338
External carotid artery (ECA) system, 107, 108
External orbitotomy, 313
Extraocular muscles (EOMs), 124, 129, 250, 273
Eyelids, 59, 60
anatomy, 333, 335
disorders and management, 335
blepharoptosis, 335-338
dermatochalasis, 335
ectropion and entropion and floppy eyelids, 338, 339
eyelid retraction, 340
eyelid tumors, 339
external browlift, 338
levator reinsertion/plication, 337
swelling, 273
Eye movement, 158, 159

F
Facial recognition, 148
Faden operation, 166
Fallacy, 310
Fat pocket, 91
Fat-suppression techniques, 124
Feel gritty, 271
Fibrocytes, 281
Fibrous dysplasia, 180
Flesh-eating bacteria, 327
Floppy eyelids, 338, 339
Focus impairment, 98
Follicular cyst, 191
Foramen rotundum (FR), 31, 32
Fractures, 181, 199
advanced diagnostics, 204-206
clinical decision-making, 206209
clinical presentation, 202, 203
clinical protocol, 209
first presentation, 209, 210
follow-up after orbital reconstruction, 211, 212
nonsurgical follow-up after 2 weeks, 210, 211
nonsurgical late follow-up, 211
etiology of, 200-202
imaging, 204
orthoptic examination, 203
in pediatric
epidemiology, 245, 246
growth and development and patterns of injury,
246, 247
post-operative warning signs, 255
test and treatment principles, 252, 254

pathophysiology of, 200-202
trapdoor fracture of orbital floor, 250, 251
treatment of, 199, 200
Frontal bone, 14, 15
Frontalis suspension, 337
Frontal nerve (FN), 96
Frontal sinus pneumatization, 246
Frontoethmoidal suture line (FES), 34, 38
Frontonasal artery, 111
Frontonasal maxillary process (FNMP), 16, 17, 19, 22
Fronto-zygomatic suture (FZS), 70
Functional/advanced MRI techniques, 125
Fundoscopy, 173

G
Gaze, nine position of, 160
General visceral efferent (GVE), 95
Glasgow Coma Scale, 238
Glucocorticoids, 290
Glycosaminoglycans (GAG), 89, 281
Goldman perimeter score, 298
Goldman perimetry, 156
Granulomatosis with polyangiitis (GPA), 132
Graves’ disease (GD), 65, 68
history, 265
incidence, 265
natural courses, 267, 268
nomenclature, 265
risk factors, 267
Graves’ hyperthyroidism, 288
Graves orbitopathy (GO), 121, 129, 130, 172, 260, 265,
279, 287
activity, 274-276
cross-talk between TSH receptors and IGF-1
receptors, 282, 283
diagnosis, 272, 273
differential diagnosis, 272, 273
euthyroidism, restoration and maintenance, 288, 289
eye changes in, 279-281
genes and environment, 283
imaging, 272, 273
immunopathogenesis, 281
impact and quality of life, 276
local measures, 289
mild, 289, 290
moderate-to-severe, 290, 291
orbital decompression
complications, 303
history, 295-297
indications and approaches, 297, 298
swinging eyelid technique, 298, 302
severity, 274
mild, 274
moderate, 274
severe/vision-threatening, 274
smoking cessation, 288
symptoms and signs, 271, 272
treatment with, 163, 164
TSH receptors (TSHR), 282
very severe, 292
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Graves’ thyroid disease (GTD), 265, 266
Greater (‘pterygopalatine’) (GPC), 32
Greater wing of the sphenoid (GWS), 108
Grey-line (intermarginal sulcus), 60, 61, 65

H

Harmswand screen, 156

Head trauma, 153, 154

Hertel exophthalmometer, 203, 252
Hess screen test, 209
High-energy trauma (HET), 202
Hirschberg method, 154, 155
Horner-Duverney’s muscle, 77
Horner’s muscle, 69, 78
Horner’s syndrome, 102, 336
Hughes procedure, 339
Hydraulic theory, 200
Hyperopia, 82

Hyperostosis, 174
Hyperthyroidism, 288
Hypertropia, 166

Hypoglobus, 172, 252
Hypoglossus, 303

Hypotropia, 155

I
Idiopathic orbital inflammations (I0I), 180
IGF-1 receptors, and TSH receptors, cross-talk between,
282,283
Imaging techniques, 122
CBCT, 123
CT, 122, 123
DWI, 125
functional/advanced MRI techniques, 125
MRI, 124
PWI, 125
Imploding antrum syndrome, 181
Incomitant strabismus, 151
cyclotorsion, 160
ductions, 159, 160
Gaze, nine position of, 160
Infectious follicular cyst, 192
Inferior nasal turbinate (INT), 40
Inferior ophthalmic vein (IOV), 112, 113
Inferior orbital fissure (IOF), 31, 72
Infero-medial orbital strut (I0S), 23
Infraorbital foramen (IOFN), 23, 34
Infraorbital margin (IMM), 22
Infraorbital nerve (ION), 68
Infraorbital process (IPZ), 26
Infundibulotomy, 186
Insulin like growth factor-1 receptor (IGF-1R), 282
Interdisciplinary care, 3
Intermediate venous axis, 113
Intermittent eyelid edema, 333
Internal carotid artery (ICA), 107-111
Internal orbital buttresses, 42
Intracranial meningioma, 174

Intraoperative mydriasis, 107

Intravenous iodinated contrast, 123
Intravoxel incoherent motion (IVIM), 126
Involutional ectropion, 338

Involutional entropion, 338

Isolated orbital roof fracture, 238, 239
Iterative model reconstruction (IMR), 129

J

Jones’ muscle, 69

K

Kearns-Sayre syndrome, 336
Keratocyst, 188—190
Krause’s glands, 73, 74

L

Lacrimal artery (LA), 111

Lacrimal bone, 16, 17, 19

Lacrimal caruncle, 77

Lacrimal drainage pathway, 76, 77
Lacrimal fossa lesions, 178

Lacrimal functional unit, 73

Lacrimal nerve (LN), 97

Lacrimal vein, 113

Lacrimo-maxillary suture (LMS), 36
Lagophthalmos, 271

Lamina cribrosa, 81

Lamina papyracea (LP), 38

Langerhans cell histiocytosis, 135

Lash ptosis, 336

Lateral canthal ligament (LCL), 62, 69, 70
Lateral canthotomy, 260

Lateral nasal wall, 40, 42

Lateral orbital wall, 26

Lateral orbitotomy, 296

Lateral rectus muscle (LRM), 73

Lateral sellar orbital junction (LSOJ), 114
Le Fort II/ITI fracture, 202

Lesser wing of the sphenoid (LWS), 62
Levator palpebrae superioris (LPSM), 62, 65
Levator reinsertion/plication, 337

Lid retractors, 67, 68

Light, defined, 146

Lockwood’s ligament, 67, 68, 88, 91, 200
Loss of vision, 259

Lower lid retraction, 67, 68, 271
Lymphatic drainage, 114

M

Macrophages, 281

Maddox tangent screen, 156

Magnetic resonance imaging (MRI), 121, 124, 128, 131,
133-135

Main and accessory aqueous lacrimal glands, 73

Malignant exophthalmos, 296
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Marcus-Gunn Jaw-Winking Ptosis, 336
Margin reflex distance 1 (MRD1), 335
Maxilla, 19

Maxillary line (ML), 36

Maxillary nerve, 97, 98, 101

Maxillary sinus/sinusitis, 39, 173, 185, 247, 319
Maxillary strut (MS), 31, 32

Mechanical ptosis, 336

Meckel’s ganglion, 105

Medial canthal ligament (MCL), 68, 69
Medial ectropion, 338

Medial frontal artery, 111

Medial orbital margin in the lower part (MOMLP), 8, 22
Medial orbital wall, 17

Medial palpebral arteries, 111

Medial wall fracture, 16, 200, 225, 251
Medical art, 3

Meibomian glands (MG), 75
Meningo-lacrimal connection (MMA-LA), 30
Merseburger trias, 265

Metal artifact reduction (MAR) algorithms, 122
Metastasis of mammary carcinoma, 182
Middle meningeal artery (MMA), 108

Middle nasal turbinate (MNT), 40

Midorbit, 26, 28

Mitogen-activated protein kinase (MAPK) pathway, 283
Modified Tofts model, 126

Mohs surgery, 339

Moll glands, 75

Monocular diplopia, 151

Motility impairment, 272

Motor innervation eyelid, 61

Mucormycosis, 314

Miiller’s muscle, 65

Miiller’s superior muscle, 62

Multidetector CT (MDCT), 122
Multidisciplinary approach, 3, 149
Multidisciplinary team, 3

Multiparametric imaging, 126, 132

Muscular arterial branches, 111

Muscular venous branches, 113

Myasthenia, 336

Myocutaneous lamella, 60

Myogenic ptosis, 336

Myopia, 81

N

Nasociliary nerve, 96, 102
Nasofrontal maxillary process, 62
Nasofrontal vein, 112

Nasolacrimal canal (NLC), 36-38
Nasolacrimal fossa (NLF), 36-38
Nasolacrimal groove (NLG), 36-38
Nasolacrimal sac/duct, 76, 77
Naso-orbital-ethmoid fractures (NOE), 128, 251
Naugle exophthalmometer, 203
Navigation system, 223, 224
Necrotizing fasciitis (NF), 327
Neural networks, 143

Neural tunic/retina, 81
Neurocranial growth, 246
Neurofibromatosis, 180
Neurofibromatosis type I, 180
Neurogenic ptosis, 336

Non-Hodgkin lymphoma (NHL), 177, 178
Noninfectious inflammatory diseases, 179, 180
Non-specific orbital inflammation (NSOI), 132

Nuclear medicine techniques, 122

(0]
Occlusion, 163
Ocular globe

adipose body of the orbit (ABO), 90, 91
gross anatomical outline/overview, 78—-81

topographic Spaces of Orbit, 90
Zinn’s ring, 82, 83, 85, 87, 88

Ocular globe, productive curtain system

canthal ligaments

LCL, 69, 70

MCL, 68, 69
eyelids, 59, 60
lacrimal caruncle, 77, 78

lacrimal drainage pathway, 76, 77

lacrimal functional unit, 73
lower eyelid, 67, 68
motor innervation eyelid, 61
orbital septum, 72, 73
periorbita, 72
plica semilunaris, 77
tarsal plate, 60, 61
tear producing glands
CGC population, 74, 75
ciliary glands, 75

main and accessory aqueous lacrimal glands, 73

ocular tear film, 75, 76
tarsal glands, 75
upper eyelid
musculature, 61, 62, 65
Whitnall’s ligaments, 66
Ocular surface (OS) system, 75
Ocular tear film, 75, 76
Oculomotor nerve (CN III), 92, 95
Oculorrhea, 239
Odontogenic orbital cellulitis, 317
etiology, 322
outcome, 324
physical examination, 318

radiological examination, 318, 319

spread of infection, 322

symptoms, 323

therapy, 319, 323, 324
Open door fracture, 251
Ophthalmic artery (OA), 107-111
Optic foramen/canal (OC), 28
Optic nerve (ON), 87, 91, 92
Optic nerve glioma, 174, 175

Optic nerve sheath meningioma (ONSM), 173, 174
Optic pathway gliomas (OPG), 174, 175
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Oral and maxillofacial (OMF), 200
Ora serrata, 81
Orbicularis oculi muscle (OOM), 60, 61, 67, 77
Orbit
arterial supply, 107
autonomic nervous system, 101
neurovascular anatomy
oculomotor nerve (CN III), 92, 95
optic nerve (CN II), 91, 92
trochlear nerve (CN 1V), 95, 96
osteology, 8
somatosensory innervation of, 96, 97
sphenoid bone, 12
venous outflow of, 112-114
Orbital abscess, 309, 311
Orbital apex, 13
Orbital cavernous hemangioma (OCH), 175
Orbital cavity, 7, 200
Orbital cellulitis (OC), 309, 311
complications, 312
differential diagnosis, 312
epidemiology and presentation, 311
etiology, 312
treatment and outcome, 313, 314
types of, 309
Orbital compartment syndrome, 238
Orbital decompression
complications, 303
history, 295-297
indications and approaches, 297, 298
swinging eyelid technique, 298, 302
Orbital dimensions, 44, 45, 47, 48
Orbital edema, 114
Orbital fibroblasts (OF), 281
Orbital floor fracture
in children, 249
pure vs. impure, 251
Orbital fractures, see Fractures
Orbital imaging, structural review of, 126, 127
Orbital implant, 226
Orbital infections, 130, 131
Orbital inflammation, 309
Orbital meningioma, 173, 174
Orbital OOM, 62
Orbital plate of the zygoma (OPZ), 70

Orbital plate/process of the palatine bone (OPPB), 21, 221

Orbital reconstruction, indications of, 209
Orbital roof constituent, 14, 15

Orbital roof fractures, 237, 238, 240, 242, 243, 255

clinical presentation, 238
management of, 238

concomitant ophthalmologic and neurologic

injuries, 239

oculorrhea and rhinorrhea, 239

skeletal injury, 238, 239
Orbital segmentation model, 206
Orbital septum, 72, 73
Orbital soft-tissue lesions, 131-134
Orbital subperiosteal empyema, 311
Orbital surface contours, 44, 45, 47, 48
Orbital surface of the maxilla (OSM), 22

Orbital trauma, 128, 129
Orbital volumes, 44, 45, 47, 48
Orbital wall fractures, 251
Orbitopathy, 3, 89

Osseous destruction, 132-133
Osteology, 8

P

Palatine bone, 19

Parallax-free ophthalmometer, 172
Paranasal air sinuses (PAS), 38—40
Parasympathetic fibre, 102, 107
Parasympathetic ganglia, 101
Patient-specific implant (PSI), 219, 220

Perfusion-weighted imaging (PWI), 121, 124-125, 134

Periocular necrotizing fasciitis (PONF), 327
characteristics, 327
etiology, 328
treatment, 328
types, 328
Periorbita, 72
Periorbital dissection, 114, 115
Periorbital oedema, 322
Photophobia, 271
Pilocytic astrocytoma, 174
Plain radiography, 128
Pleiomorphic adenoma, 178
Plica semilunaris, 77
Pneumatization, 246
Polidioxanone (PDS), 222
Posterior ciliary arteries, 110
Posterior most foramen (PEF), 33
Posterior orbit, 26, 28
Prednisone, 175
Presbyopia, 82
Preseptal cellulitis, 130
Preseptal OOM, 62
Preseptal orbicularis, 62
Preseptal orbital cellulitis (pOC), 309-311
Pretarsal OOM, 62
Pretibial myxedema, 265
Prisms, 162
Proptosis, 322
Pseudoproptosis, 172
Pterygoid canal (Vidian) (VC), 32, 33
Pterygomaxillary fissure (PMF), 32

Pterygopalatine fossa (PPF), 12, 21-22, 32, 33, 106
Pterygopalatine ganglion (PPG), 101, 106, 107

Q

Quality of life, 276

Quantitative MRI, 126

Quantitative perfusion parameters, 126

R
Reduced color vision, 272

Relative afferent pupil defect (RAPD), 173, 175, 260, 272

Retina, 145
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Retrobulbar abscess, 320

Retrobulbar hematoma, 202

Retrobulbar hemorrhage (RH), 260, 261
Retrobulbar lesions, 173

Retrocaruncular approach, 298, 301, 302
Retrocaruncular incison, 78
Retro-Orbicularis-Oculi Fat pocket (ROOF), 91
Retroseptal infection, 321

Retroseptal orbital cellulitis (rOC), 309, 311
Rhabdomyosarcoma, 175, 177
Rhino-orbital mucormucosis, 314
Rhinorrhea, 239

Riolan’s muscle, 61, 65

Rods, 145

S
Sarcoidosis, 178
Scirrhous metastasis, 182
Sclera, 79
Secondary enophthalmos, 40
Self-decompress, 280
Sensory innervation, 73
Silent sinus syndrome, 181, 185-187
Size Ratio, 247
smoking cessation, 288
Snellen optotypes, 146
Solitary orbital wall fractures
patient-specific implant (PSI), 219, 220
recovery and follow-up, 225
surgical decision-making and operative procedure, 216
biomaterials, 217
timing, 216
surgical techniques
approach, 220, 221
computer-assisted evaluation, 224
dissection of orbit, 221, 222
intraoperative navigation & imaging, 222-224
landmarks, 222
virtual 3D planning and implant choice, 217, 218
Sphenoid bone, 10-12
Sphenoid door jamb (SDJ), 12
Sphenoid sinus (SPS), 38-39
Sphenopalatine, see Pterygopalatine ganglion
Sphenopalatine foramen (SPF), 22, 32, 33
Sphenopalatine (pterygopalatine) nerve, 98
Sphenopalatine notch (SPN), 21, 33
Spheno-zygomatic suture line (SZS), 26
Sphincter pupillae muscle disturbance, 108
Spontaneous orbital decompression, 296
Startling appearance, 271
Stereoscopic vision, 147, 148
Strabismus, 151
causes by other orbital conditions, 166
measurement of, 155
treatment with, 166
Sub-Orbicularis-Oculi Fat (SOOF) pocket, 91
Subperiosteal abscess, 309, 324
Subtarsal approach, 68
Sullivan’s score, 298

Superficial head of the preseptal (SHPS), 69

Superficial head of the pretarsal (SHPT), 69

Superficial musculoaponeurotic system (SMAS), 61

Superior cervical ganglion (SCG), 101

Superior nasal turbinate (SNT), 40

Superior oblique tendon, 89

Superior ophthalmic vein (SOV), 112

Superior orbital fissure (SOF), 29, 98

Superior rectus muscle (SRM), 73

Superior salivatory nucleus (SSN), 101

Superior tarsal muscle of Miiller’s (STM), 65

Suppression, 150

Supraorbital and frontal foramina/notches (SOFN/
FOFN), 34, 35

Supraorbital artery (SA), 111

Supratrochlear artery, 111

Swinging eyelid technique, 298, 302

Swollen optic nerve head, 272

Symmetrical hertel values, 298

Sympathetic disruption, 102

Sympathetic fibers, 61

Sympathetic pathways, 101, 102

Sympathetic smooth inferior tarsal muscle, 67

T
Tarsal glands, 75
Tarsal plate, 60, 61
Team-based care, 3
Tear producing glands
CGC population, 74, 75
ciliary glands, 75
main and accessory aqueous lacrimal glands, 73
ocular tear film, 75, 76
tarsal glands, 75
Tenons capsule, 87
Teprotumumab, 291
3D position of orbital, 44, 45, 47, 48
Thyroid associated orbitopathy (TAO), 129, 265
Thyroid-associated ophthalmopathy, 129
Thyroid eye disease (TED), 265
Time-intensity curves (TICs), 125
Topographic Spaces of Orbit, 90
Transcaruncular approach, 78
Transconjunctival approach, 68, 220, 254, 298
Transnasal approach, 324
Trapdoor fracture, 200
finding, 250, 251
vs. open door fracture, 251
Trapezoidal lacrimal bones, 17
Traumatic optic neuropathy (TON), 259, 260
Trichiasis, 338
Trigeminal maxillary division (CN V2), 97, 98
Trigeminal nerve, 96, 97
Trochlea, 89
Trochlear nerve (CN IV), 95, 96, 153
TSH-receptor-binding immunoglobulins (TBII), 265
TSH receptors (TSHR), 282, 283
Type II Le Fort, 129
Type III Le Fort, 129
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Ultrasound, 122 Vorticose/vortex veins (VVs), 113

Upper eyelid

musculature, 61, 62, 65
Whitnall’s ligaments, 66
retraction, 271-273, 275, 280

\%

Valsalva maneuver, 173

Varices, 181

Vidian nerve, 106, 107

VIIth CN Parasympathetic Pathway, 105

Vincristine, 175

Vision, 143-145
color, 146
facial recognition, 148
seeing in darkness, 147
stereoscopic vision, 147, 148
visual acuity, 145, 146
visual field, 147
visual pathways, 144, 145

Visual acuity, 145, 146

Visual field, 147

von Graefe’s sign, 271

w

Wait-and-see strategy, 289

Werner’s NOSPECS classification, 274
White-eye orbital fracture, 252

Whitnall’s ligament, 62, 65, 66, 68, 70, 73
Wolfring’s glands, 73

Y/

Zeis glands, 75

Zinn’s ring, 82, 83, 85, 87, 88, 92, 96, 113

Zygoma, 26, 31

Zygomatic-frontal-suture line (ZFS), 26

Zygomatic nerve, 98

Zygomaticofacial foramina (ZFF), 35, 36
Zygomaticofacial nerve (ZFN), 68, 98
Zygomaticofrontal suture (ZFS), 8
Zygomaticomaxillary crest, 23

Zygomaticoorbital foramina/foramen (ZOF), 26, 35, 36
Zygomaticotemporal foramina/foramen (ZTF), 26, 35, 36
Zygomatico-temporal nerves (ZTN), 97, 98
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