SURVEY OF OPHTHALMOLOGY VOLUME 52 * NUMBER 5 * SEPTEMBER-OCTOBER 2007

ELSEVIER

MAJOR REVIEW

Diagnosis and Management of Enophthalmos

Mehrad Hamedani, MD,1 Jean-Antoine C. Pournaras, MD,1 and David Goldblum, MD?

! Jules Gonin Eye Hospital—University of Lausanne, Lausanne, Switzerland; and 2 Universitdts-Augenklinik,
University of Basel, Basel, Switzerland

Abstract. Enophthalmos is a relatively frequent and misdiagnosed clinical sign in orbital diseases. The
knowledge of the different etiologies of enophthalmos and its adequate management are important,
because in some cases, it could be the first sign revealing a life-threatening disease. This article provides
a comprehensive review of the pathophysiology, evaluation, and management of enophthalmos. The
main etiologies, such as trauma, chronic maxillary atelectasis (silent sinus syndrome), breast cancer
metastasis, and orbital varix, will be discussed. Its objective is to enable the reader to recognize, assess, and
treat the spectrum of disorders causing enophthalmos. (Surv Ophthalmol 52:457-473, 2007. © 2007

Elsevier Inc. All rights reserved.)
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I. Diagnosis of Enophthalmos
A. DEFINITION

Enophthalmos is a posterior displacement of the
eyeball within the orbit in an antero-posterior plane
due to several etiologies.” The volume of the globe is
normal. In case of unilaterality, a difference of more
than 2 mm between the two eyes can be considered
diagnostic. It is the opposite of exophthalmos
(proptosis) where the globe is pushed forward.

B. CLINICAL PRESENTATION
1. Symptoms

Subjective complaints depend strongly on the
etiology and severity of enophthalmos. The most
common disturbances are facial asymmetry and
double vision. Sometimes, the patient may consider
the disorder as a ptosis or contralateral proptosis.

© 2007 by Elsevier Inc.
All rights reserved.

2. Clinical Examinaton

Enophthalmos is often obvious during the in-
spection of a patient’s face. The diagnosis is
simplified in cases of unilaterality or major asym-
metry. Indirect clinical signs contribute to the
diagnosis of enophthalmos and include deep
superior sulcus, narrowing of the palpebral fissure
(pseudoptosis), and lagophthalmos.

The position of the globe in the orbit has a high
variability due to age, sex, and ethnic background.
The best position for the clinical recognition of
enophthalmos is asking the patient to look up with
the head tilted back, and the observer being in front
of the patient (Fig. 1). Objective and quantitative
measurement can be achieved by Hertel exophthal-
mometry. In case of orbital fractures with displace-
ment of the lateral orbital rim, other devices using
a frontal support are necessary (e.g., Naugle exoph-
thalmometer). Concomitant vertical misalignement
(hypoglobus) is often present.

0039-6257/07/$-see front matter
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Fig. 1.

Left enophthalmos.

C. RADIOLOGICAL IMAGING

Radiological investigations, computed tomogra-
phy (CT) scan and magnetic resonance imaging
(MRI), confirm and also quantify enophthalmos.
Axial sections in the neuro-ocular plane provide
reproducible measurements and can be used for
follow-up comparison.22’170 Coronal and sagittal
sections are equally important for the analysis of
the surrounding tissues and sinuses. The CT scan
serves as the reference for the analysis of the bony
structures (orbital container), whereas the MRI is
more relevant for the observation of the globe
surrounding soft tissues (orbital content).

D. PSEUDOENOPHTHALMOS

The definition of true enophthalmos has been
described in previous sections; therefore, it is
important to distinguish disorders that may initially
appear as enophthalmos, due to lid malpositions,
globe size anomalies, or structural deviations (Table
1), but are not associated with an actual axial
displacement of the globe.

1. Globe
a. Phthisis Bulbi

Phthisis bulbi is defined as a shrinking of the
globe often following injury, surgery, infection, or

TABLE 1
Etiologies of Pseudoenophthalmos

Phthisis bulbi

Microphthalmos, microcornea

Refractive-Anisometropia

Horner’s syndrome

Ptosis

Contralateral lid retraction

Post Enucleation Socket Syndrome
(PESS) /Anophthalmic socket

Contralateral exophthalmos

Facial/Bony asymmetry

Globe

Altered lid position

Structural lesions
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disease. Due to the reduced volume, the eye will
appear sunken in to the orbit and the lids will seem
ptotic without actual axial displacement of the globe
in relation to its surrounding structures (Fig. 2A).%

b. Microphthalmos, Microcornea

Microphthalmos is defined as a congenitally small
eye with reduction of the volume of the globe in the
absence of other ocular anomalies.***? On the basis
of the small corneal diameters the diagnosis is
obvious and seldom missed, even in young infants.
As described for phthisis bulbi, the volume reduction
of the globe or anterior segment will make the eye
appear enophthalmic. Microphthalmos could be
part of hemifacial microsomia (Fig. 2B).

¢. Refractive-Anisometropia

In case of significant anisometropia the shorter
eye may lead to the wrong impression of being
enophthalmic. It should be noted that the general
rule that 3 diopters translated into 1 mm of
biometric axial length may sometimes be mislead-
ing, given the widespread use of refractive surgery.

2. Altered Lid Position
a. Horner Syndrome

The syndrome named after Johann Friedrich
Horner” has generally been described with miosis,
ptosis, and enophthalmos, as well as anhidrosis.
A lesion at any point along the oculosympathetic
pathway will result in this syndrome with symptoms
on the same side and anisocoria.*® Anisocoria is
more apparent in dim illumination, and the
affected pupil shows dilation lag. Light and near
pupillary reactions are intact. The eyelid is ptotic
because of paresis of the sympathetically innervated
Miiller’s muscle. There seems to be apparent
enophthalmos (pseudoenophthalmos) due to the
ptosis and because the lower eyelid may be elevated;
exophthalmometry readings, however, are generally
equal (Fig. 2C). 108126175

b. Ptosis

Ptosis is defined as a drooping of one or both
eyelids. It may be complete or incomplete, varying
in degree of severity. As described in the Horner
syndrome section, a blepharoptosis can lead to the
impression of an enophthalmos (Fig. 2D).8

3. Structural Lesions
a. Post-Enucleation Socket Syndrome (PESS)

Marked pseudoenophthalmos frequently occurs
after enucleation with or without the use of intra-
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Fig. 2. A: Left pseudoenophthalmos: Phthisis Bulbi. B: Right pseudoenophthalmos: Microphthalmos. C: Right
pseudoenophthalmos: Horner’s syndrome. D: Right pseudoenophthalmos: Congenital Ptosis.

orbital implants (Fig. 3). It is often associated with
a superior sulcus syndrome, which is another
common finding in the anophthalmic socket. The
causes are reduction of orbital content, and pro-
gressive relaxation of the lower eyelid leading to
downward passage of the prosthesis, with associated
ectropion development and decreased volume of the
orbit. The main theory (based on clinical impression)
of orbital fat atrophy due to metabolic or circulatory
alterations was never proven by clinical or experi-
mental studies.””® To prevent PESS, careful evalua-
tion of an adequate-sized implant and correct
placement during surgery are important. Neverthe-
less, if the syndrome becomes apparent, relaxation of
the lower eyelid can be corrected with surgical repair
and if necessary support using, for example, autog-
enous fascia lata.'* Decreased volume of the orbital
content can be corrected also with materials such as
autogenous fat”™ or dermis—fat,ﬁg’lm’162 autogenous
cartilage,”® autogenous bone, sclera and liquid
collagen,160 silicone,ug"w?”167 glass beads,'®! or po-
rous polyethylene,"®%%!*7 using several surgical ap-
proaches and techniques (intraorbital, subperiostal).

b. Contralateral Proptosis/Exophthalmos

Exophthalmos is defined as a forward displace-
ment of the normal globe in relation to its bony orbit.
This may lead to the impression of an enophthalmic

condition on the contralateral side. Therefore, any
difference in the position of the eyes has to be
carefully evaluated for being pseudoexophthalmic or
pseudoenophthalmic in respect to its side.

c. Facial Asymmetry

Any bony malformation in the skull resulting in
a facial asymmetry can lead to the impression of an
enophthalmos due to the asymmetry of the face with
anterior or posterior displacement of the whole orbit.
The globe, however, might well be in a physiological
position in regard to the orbital surroundings.

II. Pathophysiology of Enophthalmos

Three main mechanisms are proposed in the
genesis of enophthalmos: enlargement of the
orbital container, reduction of the orbital content,
and contraction of the orbital content (Table 2).'*®

A. ENLARGEMENT OF THE ORBITAL CONTAINER

Enlargement of the orbital container seems to be
the most frequent cause of enophthalmos. Different
mechanisms may modify the orbital walls and hence
increase the orbital volume. It could be a defect of
the orbital wall(s) or an external displacement of
these walls. Orbital fractures, chronic maxillary
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Fig. 3. A: Left pseudoenophthalmos: Post Enucleation Socket Syndrome (PESS). B: CT-Scan Sagittal view showing the
posterior and inferior displacement of the implant. C: CT-Scan Sagittal view showing surgical correction by subperiostal
orbital grafts. D: Postoperative result after six months.

atelectasis, and agenesis of sphenoid wing in
Recklinghausen disease are the main diagnoses to
consider.

B. REDUCTION OF THE ORBITAL CONTENT

Among the orbital contents, fat and muscle make
up most of the volume. Vessels and nerves do not
use enough space that their shrinking could be

TABLE 2
Pathophysiology of Enophthalmos

Trauma

Chronic maxillary atelectasis
Agenesis of sphenoid wing
Orbital varix

Age-related fat atrophy
Orbital varix

Radiotherapy
Lipodystrophy

Linear scleroderma
Hemifacial atrophy

Enlargement of orbital
container

Reduction of orbital
content

Trauma/Surgery
Contraction of orbital Breast cancer metastasis
content Trauma/Fibrosis

responsible for enophthalmos. Fat atrophy can be
age-related, or secondary to orbital varices and
radiotherapy. Lipodystrophy may also be part of
systemic disease or secondary to medical treatment.
Scleroderma and hemifacial atrophy are two rare
causes of orbital atrophy.

C. CONTRACTION OF THE ORBITAL CONTENT

Some orbital diseases may induce a posterior
displacement of the eyeball by developing an intra-
conal cellular infiltrate with the potential for
contraction. Alternatively, fibrosis and scar forma-
tion may lead to contraction with consecutive
retraction of the globe. Orbital metastases, particu-
larly breast cancer and post-radiotherapy scarring
represent the main etiologies. Congenital fibrosis
should be excluded.®*>"!

III. Etiologies of Enophthalmos and
Management

A. POST-TRAUMATIC ENOPHTHALMOS

The most frequent cause of enophthalmos is the
fracture of the orbital floor. The enlargement of the
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orbital container may also be secondary to medial
orbital wall fracture, which is very often misdiagnosed
at the early stage of trauma.*” Lateral wall and orbital
roof fractures are less frequent and seldom associated
with enophthalmos. The enlargement of the orbit
towards the periorbital sinuses is explained by two
main theories. The hydraulic theory postulates that
an increased hydraulic force in the orbit caused by
posterior eyeball displacement, suddenly increases
the intraorbital pressure leading to the rupture of the
medial and/or inferior wall. The buckling theory
involves a direct trauma to the inferior orbital rim
causing mainly the displacement of the floor along
the infraorbital channel. The traumatic conditions
include sports trauma, vehicular injuries, fighting,
and, rarely, orbital or endonasal surgeries.
Enophthalmos could be present immediately
after trauma, or appear later after the reduction of
orbital hemorrhage and edema. The early detect-
able enophthalmos is associated with severe orbital
contusion. In these cases, periorbital hematoma,
edema, subcutaneous emphysema, orbital pain,
diplopia, lacrimal system injuries, oculomotor and
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pupillary dysfunction, epistaxis, and dysesthesia in
the V2 distribution are often seen. Larger fractures
result in smaller ocular motility dysfunction, due to
the fact that the muscle is not strangulated. Eyeball
trauma and other facial fractures have to be ruled
out by careful examination.

Enophthalmos may be missed during the early
stages of trauma, and may only be detected weeks or
months after the initial trauma. In these cases,
motility disorders are often permanent due to the
fibrosis. The early CT scan may predict the risk of
late enophthalmos according to the extent of the
fracture.'®

The amount of enophthalmos is assessed with
Hertel exophthalmometry. If the fracture extends to
the lateral orbital rim, the Naugle exophthalmom-
eter may be useful.'”’ The Hess-Lancaster test
confirms the diagnosis of oculomotor disorders
and facilitates the follow-up of the diplopia.

Orbital CT scan (Fig. 4) with axial, coronal, and
sagittal sections provides the necessary information
about the location and the extent of the fracture(s),
the involvement of soft tissues (extraocular muscles,

Fig. 4. A: CT scan, axial section, left medial wall fracture. B: CT scan, coronal section, left floor fracture. C: CT scan,
sagittal section, orbital floor fracture.
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orbital fat),”®”13*1% and the risk of late enoph-
thalmos.*®*7!18153 Orbital volumetric analysis and
digital reconstructions may be useful for the
improvement of the predictive diagnosis of late
enophthalmos and the quality of surgical recon-
struction,?+#>41:48

Standard radiographies should be avoided and
MRI does not provide any further information for
the diagnosis. MRI may contribute to the diagnosis
of muscular fibrosis, however, in cases of persistent
diplopia after fracture reconstruction or muscular
restriction in enophthalmic sequelar forms.

The cosmetic demand with or without diplopia is
the main indication for surgery in enophthalmic
patients. As the enophthalmos appears in cases of
larger fractures, there is rarely muscular suffer-
ing.The optimal timing for surgery is 1-2 week(s)
following the trauma. This period allows for the
resorption of orbital edema and hemorrhage.

The correction of enophthalmos is based on two
main steps: first, reintegration of the herniated
orbital content after a careful dissection by appro-
priate approach, and, second, reconstruction of the
orbital shape and volume.

The transconjunctival approachm’]19 is used in
small fractures of the orbital floor, whereas a coronal
incision helps for complex orbitozygomatic frac-
tures especially at late stage. In case of orbital floor
fracture, the subciliary incision 2 mm below the lid
margin, or a palpebral incision in the lid crease,
provide a good exposure. The transconjunctival
approach with lateral cantholysis permits the same
exposure with limited cutaneous scar. The trans-
caruncular approach'*® is often useful for the
management of the medial wall fracture with
excellent exposure, without any cutaneous scar.
In orbitozygomatic fractures, different approaches
can be combined: subciliary, palpebral, and trans-
vestibular incisions.”

The endoscopic-assisted transconjunctival ap-
proach for medial wall fracture provides improved
visualization of the fracture site, facilitating bon
reduction and the placement of implant.'"**!?!
The endoscopic transnasal approach has been
described also for the treatment of medial orbital
wall fractures,'”” and the endoscopic-assisted trans-
antral approach has been used to repair orbital floor
fractures.”!

Forced-duction testing at the beginning of surgery
provides information about muscular involvement
and has to be repeated at the end of surgery to
confirm the release of herniated muscle.

The size and the location of the bony defect will
guide the choice and shape of the orbital implant. If
surgery is performed late after trauma, especially in
orbitozygomatic fractures, osteotomies may be
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necessary to restore the appropriate orbital shape
and volume before the implant placement.

The surgically most challenging patients are those
with the sequellar forms of orbital fractures with
restrictive fibrosis of the periorbit and the oculo-
motor muscles. The main risk is worsening of the
diplopia.

Controversy persists about the choice of the
material used for the fracture repair, which
could be autologous (bone  or  carti-
27,2895, 102,104 168,181 . synthetic (resorbable
12,32,48,55,56,66,75,85,87,94,109,122,125,130,147,152,178
The final surgical result depends mainly on the
quality of the three-dimensional reconstruction of
the orbit (shape and volume) and less on the choice
of the orbital implant. However, this material
should be easy to model and well tolerated.

Sometimes the correction of enophthalmos is not
satisfactory mainly because of undercorrection.
Different explanations have to be considered:
misdiagnosis of the medial wall fracture, lack of
material used for the reconstruction or its re-
sorption, or the absence of reconstruction of the
orbital floor convexity behind the equator of the
eyeball.

Besides enlargement of the orbital container, two
other mechanisms of enophthalmos may play a role
in traumatic conditions: fat atrophy and contraction
of the orbital content by fibrosis.

B. CHRONIC MAXILLARY ATELECTASIS (SILENT
SINUS SYNDROME)

Enophthalmos due to chronic maxillary atelecta-
sis is very often misdiagnosed. The pathophysiology
is unknown but it seems that the lateralization of the
middle turbinate could be the origin of the sinus
disease. In fact, this malposition is almost always
present and could be responsible for negative
pressure in the maxillary sinus and the subsequent
downward displacement of the orbital floor with

enlargement of the bony orbit and concurrent
17.20,21,38,57,72,73,78,81,89,90,99,117,129,142—
enophthalmos. ,20,21,38,57,72,73,78,81,89,90,99,117,129,142

146,164,165,176

The patient may present with a history of sinusitis.
Enophthalmos is progressive over years without any
sign of inflammation (Figs. bA and 5B).'% Vertical
diplopia may occur during the evolution secondary
to the eyeball displacement,*>!3%-18>

CT scan or MRI will confirm enophthalmos and
enlargement of the orbit with downward displace-
ment of the floor and reduction of the sinus cavity.
The maxillary sinus mucosa may be thickened.
There is no history or sign of orbital fracture and

the orbital content is normal (Figs. 5C-
E).20:44.51,81.92:99.103,129,138,164,152
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Fig. 5. A, B: Left enophthalmos and vertical dystopia. C: CT scan, coronal section, “implosion” of the right maxillary
sinus and lateral displacement of the middle turbinate. D: MRI, axial section, right maxillary sinus atelectasis and
thickening of the mucosa. E: MRI, Coronal section, Right orbital enlargement and downward displacement of the floor.

Given the pathophysiological hypothesis, an early
middle meatal antrostomy could improve the
aeration of the sinus and possibly reverse the course
of the disease.®'"19%7"171 ater, diplopia and
cosmetic demand are the main indications for
surgery.””®? Subperiosteal orbital floor grafting is
a reconstructive option as a secondary procedure.
Many surgeons recommend simultaneous sinus
drainage and orbital reconstruction, unless marked
sinus infection is present.

The main complications are persistence or de-
terioration of diplopia, undercorrection and over-

correction of enophthalmos, and reaction against
synthetic orbital implants.

C. RECKLINGHAUSEN DISEASE

The absence of the sphenoid wing in some cases
of Recklinghausen disease explains the pulsating
enophthalmos,127 or proptosis (Fig. 6). There is
a communication between the brain and the orbital
content.”**1 19710 Treatment is based on the in-
terposition of grafts by a neurosurgical approach.
Autologous bone grafts may be resorbed and
biomaterials are preferable.'®®



464 Surv Ophthalmol 52 (5) September—-October 2007

Fig. 6. CT scan, axial section, absence of the right
sphenoid wing, Recklinghausen disease.

D. ORBITAL VARIX

Vascular lesions (lymphangioma, cavernous angi-
oma, capillary angioma) in the orbit are more often
responsible for proptosis rather than enophthal-
mos.*®

Varix represents a venous anomaly, mainly occur-
ring in the superior ophthalmic vein (SOV), and
rarely in the inferior vein or both veins. When the
dilated vein is empty, enophthalmos appears, and
when the venous pressure is high and the varix is
filled, the globe is pushed forward and is proptotic
(Valsalva maneuver; Figs. 7A and 7B). Sometimes
there are also venous malformations of the eyelids
and the episclera guiding the physician towards this
etiology and the diagnostic Valsalva maneuver. The
enophthalmos is explained by orbital fat atrophy
and sometimes enlargement of orbital space.®”

Some activities may participate in the develop-
ment of these venous abnormalities: sports, yoga,
and playing music instruments.

Patients suffer from intermittent orbital pain or
positional proptosis. The Valsalva maneuver con-
firms the venous participation and guides further
investigations. In fact, MRI and CT scan could be
normal on decubitus positioning, and the orbital
varix visible only on procubitus positioning (Figs.
7C-F). Furthermore, spiral CT during Valsalva
maneuver using a single breath hold technique
could lead to the diagnosis of this venous anomaly,
even in patients who are asymptomatic.148

Ultrasound-Doppler examination shows a low
flow, compatible with venous lesions. During ultra-
sound, the Valsalva maneuver is often useful to show
the variability of the lesion.
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Orbital varix could be complicated by hemor-
rhage or thrombosis. Hemorrhage is responsible
for sudden pain and proptosis, oculomotor limita-
tion, and sometimes visual loss. CT scan or MRI
shows a diffuse intraconal extravasation of blood.
Emergency drainage could be indicated according
to the functional signs. The prognosis is very often
benign.

A particular clinical presentation may be pointed
out and called the blocking syndrome. The patient
presents with a sudden painful unilateral proptosis.
CT scan or MRI shows an oblong limited intraconal
process (Fig. 7G). There is a spontaneous clinical
and radiological regression. This syndrome could be
explained by the filling of the varix followed by
outflow limitation. There is no change in the varix,
and the Vasalva maneuver persists after the resolu-
tion of proptosis.

The treatment of orbital varix is very often
conservative and surgical resection is indicated
mainly in cases of anterior thrombosed lesions.

In some cases, intraoperative direct venography
and embolization by cyanoacrylate glue may greatly
facilitate the excision of the venous malformation.'”

E. BREAST CANCER METASTASIS

Different cancers (breast, stomach, lung, pros-
tate) may be responsible for enophthalmos by
contraction of orbital tissues,*%2?39:45.59.74.101.110.
140.149.156.166.172.179 Breast cancer metastasis should
be considered in the initial differential diagnosis for
appropriate-aged females with non-traumatic
enophthalmos (Figs. 8A and 8B). Enophthalmos
due to orbital metastasis could be the first manifes-
tation of the cancer.”*'"® Early diagnosis may
improve the final outcome and prognosis.

The metastatic retrobulbar infiltrate seems to
have a potential for contraction explaining the
eyeball displacement and oculomotor disorders.'"!

The course of the disease is very often insidious
and can be subacute or more often chronic. The
enophthalmos appears progressively. The inflamma-
tory signs may be mild or absent. Eye movements are
also progressively restricted secondary to the evolu-
tion of intraconal infiltration, and diplopia is
a frequent motivation for consultation at this stage.
The vision is unaltered. The disease may be
unilateral or bilateral.

MRI is highly superior to CT scan in this
pathology. It shows the intraconal infiltrate

Fig. 7. A:Left enophthalmos with vascular anomalies of the left lids. B: Positive Valsalva maneuver. C: MRI, axial section,
left intraconal vascular lesion, patient on decubitus. D: MRI, axial section, left intraconal vascular lesion, patient on
procubitus. E: MRI, coronal section, left intraconal vascular lesion, patient on decubitus. F: MRI, coronal section, left
intraconal vascular lesion, patient on procubitus. G: CT scan, axial section, “Blocking syndrome.”
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Fig. 8. A, B: Left enophthalmos. C: Mammogram: calcifications, breast cancer. D: MRI, axial section, T1, left intraconal
infiltration. E: MRI, axial section, T2, left intraconal infiltration. F: Microscopic view of the infiltration of orbital tissues by
malignant cells showing keratin expression.

behind the posterior pole of the eye with enoph-
thalmos (Figs. 8D and 8E). There is no orbital wall
fracture.

Further investigations concern mainly gynecolog-
ical status: breast examination, mammogram
(Fig. 8C), breast ultrasound, and particularly breast
cancer circulating markers (i.e., CA 15-3, CEA),
which may be the only sign of generalized cancer at
this stage. A breast biopsy should be considered in
case of clinical or radiological mass. The diagnosis
of breast cancer metastasis to the orbit is confirmed

by orbital intraconal biopsy (Fig. 8F). The presence
of estrogen and progesterone receptors, identified
by fluorescent histochemical techniques, may guide
the medical treatment."® Orbital biopsy should be
discussed with oncologists in case of negative
systemic investigations.

Surgery may be difficult because of the topogra-
phy of the lesions and the visual risk. Different
approaches are possible, such as a conjunctival
approach with disinsertion of the medial or lateral
rectus muscle, or lateral osteotomy.
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Fig. 9. A, B: Left enophthalmos: scleroderma.

The treatment of the generalized cancer is
multidisciplinary, including oncologists and gyne-
cologists, and is always based on systemic drugs
(chemotherapy, anti-hormones). The indication for
orbital biopsy should be discussed, and orbital
radiotherapy may be considered as an adjuvant
treatment.

F. LINEAR SCLERODERMA/PARRY-ROMBERG
SYNDROME (HEMIFACIAL ATROPHY)

Linear scleroderma and Parry-Romberg syndrome
can both be associated with enophthalmos due to
orbital atrophy. The two diseases also share other
common features. However, the relationship
between linear scleroderma “en coup de sabre”,
and Parry-Romberg syndrome remains controversial
and unclear.*'%1%1

Linear scleroderma is a relatively rare disorder
characterized by localized, progressive fibrosis of
skin, subcutaneous fat, blood vessels, and muscles
usually in the V1 dermatome (“coup de sabre”)
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(Figs. 9a and 9b). The skin is involved first and
appears indurated. Ophthalmic manifestations may
include the mentioned atrophy in the orbit and
periocular region, sclerosis or inflammation of the
eyelids, orbit, or globe,?3136:154168.169.177 ge ] o gic
abnormalities may include anti-nuclear antibodies,
anti-single-stranded DNA antibodies, and rheuma-
toid factor. Eosinophilia may be present and may
correlate with disease activity. A polyclonal IgG and
IgM hypergammaglobulinemia may also be present
and is found more often with severe cases and with
clinical progression.'” According to histopathol-
ogy, there are two phases: an early inflammatory
phase with coarsened collagen bundles in the
reticular dermis and perivascular lymphocytic in-
filtrates, and a second late sclerotic phase in which
the collagen bundles become hyalinized, replacing
muscle and subcutaneous fat. Therapeutic man-
agement options have included topical, intrale-
sional, or systemic steroids; vitamin E; vitamin D3;
phenytoin; retinoids; penicillin; griseofulvin;
interferon—(x);128 D-penicillamine; antimalarials;
colchicines; antiplatelet therapy; ultraviolet A
phototherapy with or without psoralens; and
surgery.”’ One case of enophthalmos due to
systemic scleroderma has also been described in
the literature.”®

In contrast to linear scleroderma, Parry-Romberg
syndrome (facial hemiatrophy) is characterized by
a disappearance of fat in the dermal and sub-
cutaneous tissues on one side of the face. It occurs
mainly in females, usually within the first two
decades of life, and is slowly progressive.'** The
affected side of the face is bony, and the skin is thin,
wrinkled, and darkened or brown in its advanced
form. The facial hair may turn white and fall out,
and the sebaceous glands become atrophic. Muscles
and bones are usually not involved. Sometimes the
atrophy becomes bilateral and involvement of the
ipsilateral upper extremity and half of the body has
been described. The disorder may be associated with
neurological features.''® Other ocular involvement
besides enophthalmos are refractive changes,*
ptosis, restrictive and paralytic strabismus, colobo-
ma, heterochromia, retinitis, and uveitis, > 7-10-16:23.52,
S46214159.174 The condition is a form of lipodys-
trophy. Histologically, Parry-Romberg syndrome re-
sembles the sclerosis and perivascular leucocytic
infiltration seen in linear scleroderma, but in Parry-
Romberg syndrome there is preservation of elastic
fibers."”® Treatment approaches include cosmetic
tissue augmentation of affected areas, consisting
of transplantation of skin and subcutaneous
fat,”® 12013014 5q well as symptomatic treatment of
neurologic signs, anti-inflammatory regimens, and
stellate ganglion blocks.*>!!114
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Fig. 10. HIV infection-related lipodystrophy inducing
bilateral enophthalmos.

G. AGE-RELATED FAT ATROPHY

There is a natural involution of orbital fat with
age. This change also involves the other parts of the
face and temporal region. The age-related enoph-
thalmos is bilaterally symmetric without any symp-
toms or pathologic findings. This fact is the basis for
lipofilling or liposculpting for facial rejuvenation.
Although the position of the globe will not change,
the increased fullness of the lids will improve the
cosmetic aspect.34

H. HIV INFECTION-RELATED LIPODYSTROPHY

HIV-infected patients often present with bilateral
enophthalmos some years after the initiation of
treatments (Fig. 10). Enophthalmos results from the
loss of subcutaneous fat in the face, mainly at the
temporal areas and at the cheeks. These findings are
induced mainly by nucleoside treatment and rapidly
leacll1 ;o an enophthalmos due to the loss of orbital
fat.

I. RADIOTHERAPY

The lateral effects of radiotherapy on the orbit
depend mainly on the age of the patient. Thera-
peutic radiation in childhood (mostly for retino-
blastoma or rhabdomyosarcoma) can efficiently
treat facial or orbital malignancy. Nevertheless, it
might also lead to visible disfigurement including
enophthalmos due to irradiation of developing
structures that are in close proximity but not part
of the intended target.''® These alterations explain
the effort to develop techniques for more accurate
treatment of the tumoral region sparing the
surrounding tissues, that is, with proton-radiation
therapy.”” The incidence for significant late enoph-
thalmos was found to be 28% by the Intergroup
Rhabdomyosarcoma Study.137 Osseous hypoplasia
and atrophy of orbital content are at the origin of
these deformities. Therefore, younger children are
more susceptible with the possibility of more severe
secondary skull deformations and enophthalmos
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after radiotherapy. Consequently, visual fields can be
affected by direct compression of the optic nerve
due to the primary orbital disease, radiotherapy, and
enophthalmos.1 A characteristic facial appearance
(hourglass facial deformity) can be induced follow-
ing bilateral orbital irradiation. The radiologic
findings of hypotelorism, enophthalmos, depressed
temporal bones, atrophy of the temporalis muscles,
narrow and deep orbits, and a depressed nasion can
be seen early.’'

Treatment of post-irradiation-related enophthal-
mos is quite challenging. Surgery in these tissues is
unpredictable because the vascularity of the region
is uncertain. Acceptable results can be achieved
using osteotomies, tissue expansion, repositioning,
and bone grafting.'>**9!

Radiotherapy for malignant tumors in adults
(e.g., lymphomas or metastasis) could be responsi-
ble for tissue scarring, fat atrophy, and resultant
enophthalmos.

IV. Summary and Conclusion

The knowledge of the different etiologies of
enophthalmos is important for further diagnostic
steps and appropriate treatment. Although trauma
is the main cause of acquired enophthalmos,
different other etiologies should be kept in mind:
1) breast cancer metastasis because of the prognos-
tic importance of early diagnosis, 2) orbital varix
because of the need to consider a diagnostic Valsalva
maneuver, and 3) chronic maxillary atelectasis
because of the possible reversibility in cases of early
diagnosis.

V. Method of Literature Search

MEDLINE was used to search the literature from
1980 to 2006. Supplemental sources including
Index Medicus and references contained in identi-
fied articles were used. The English abstracts of
foreign language articles were also included as well
as our personal reference libraries citing articles in
French and German. Keywords searched were:
enophthalmos, enophthalmia, enophthalmos and fractures,
enophthalmos and implants, enophthalmos AND Horner,
enophthalmos AND ptosis, pseudoenophthalmos, enoph-
thalmos AND anophthalmos enophthalmos AND facial
hemiatrophy, enophthalmos AND scleroderma enophthal-
mos AND lipodystrophy, enophthalmos AND fibrosis,
enophthalmos AND orbital asymmetry, enophthalmos
AND fat atrophy, enophthalmos AND metastasis enoph-
thalmos AND breast cancer enophthalmos AND orbital
varix, enophthalmos AND neurofibromatosis, enophthal-
mos AND chronic maxillary atelectasis, enophthalmos
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AND silent sinus syndrome, enophthalmos AND radio-
therapy. We excluded animal reports and animal
studies. A few selected articles published before
1980 are included for historical purposes or where
no other, more recently published articles could be
found.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

References

Abramson DH, Melson MR, Servodidio C: Visual fields in
retinoblastoma survivors. Arch Ophthalmol 122:1324-30,
2004

Aracena T, Roca FP, Barragan M: Progressive hemifacial
atrophy (Parry-Romberg syndrome): report of two cases.
Ann Ophthalmol 11:953-8, 1979

Archer KF, Hurwitz JJ: Dermis-fat grafts and evisceration.
Ophthalmology 96:170-4, 1989

Arnould G, Reny A, Salmon D, et al: [Enophthalmos
caused by metastasis of an adenocarcinoma of the breast].
Bull Soc Ophtalmol Fr 79:693-5, 1979

Ashworth DR, Whear NM, et al: Enophthalmos caused by
metastatic breast carcinoma. Br | Oral Maxillofac Surg 40:
350-1, 2002

Audemard D, Galipienzo V, Marck E, et al: [Silent sinus
syndrome: a rare case of enophthalmia]. J Fr Ophtalmol
25:266-9, 2002

Auvinet C, Glacet-Bernard A, Coscas G, et al: [Parry-
Romberg progressive facial hemiatrophy and localized
scleroderma. Nosologic and pathogenic problems]. J Fr
Ophtalmol 12:169-73, 1989

Baggio E, Ruban JM, Boizard Y: [Etiologic causes of ptosis
about a serie of 484 cases. To a new classification?]. J Fr
Ophtalmol 25:1015-20, 2002

Ball ]B: Direct oblique sagittal CT of orbital wall fractures.
AJR Am ] Roentgenol 148:601-8, 1987

Bandello F, Rosa N, Ghisolfi F, et al: New findings in the
Parry-Romberg syndrome: a case report. Eur ] Ophthalmol
12:556-8, 2002

Barone CM, Gigantelli JW, et al: Endoscopic repair of
posttraumatic enophthalmos using medial transconjuncti-
val approach: a case report. J Craniomaxillofac Trauma 4:
22-6, 1998

Baumann A, Burggasser G, Gauss N, et al: Orbital floor
reconstruction with an alloplastic resorbable polydioxa-
none sheet. Int J Oral Maxillofac Surg 31:367-73, 2002
Baumann A, Ewers R: Transcaruncular approach for
reconstruction of medial orbital wall fracture. Int J Oral
Macxillofac Surg 29:264-7, 2000

Baumann A, Ewers R: Use of the preseptal transconjunc-
tival approach in orbit reconstruction surgery. ] Oral
Macxillofac Surg 59:287-91, discussion 291-2, 2001

Baylis HI, Call NB: Severe enophthalmos following
irradiation of the anophthalmic socket: surgical ap-
proaches. Ophthalmology 86:1647-54, 1979

Bellusci C, Liguori R, Pazzaglia A, et al: Bilateral Parry-
Romberg syndrome associated with retinal vasculitis. Eur J
Ophthalmol 13:803-6, 2003

Blackwell KE, Goldberg RA, Calcaterra TC: Atelectasis of
the maxillary sinus with enophthalmos and midface
depression. Ann Otol Rhinol Laryngol 102:429-32, 1993
Blaydon SM, Shepler TR, Neuhaus RW, et al: The porous
polyethylene (Medpor) spherical orbital implant: a retro-
spective study of 136 cases. Ophthal Plast Reconstr Surg 19:
364-71, 2003

Boyd JH, Yaffee K, Holds J: Maxillary sinus atelectasis with
enophthalmos. Ann Otol Rhinol Laryngol 107:34-9, 1998
Buono LM: The silent sinus syndrome: maxillary sinus
atelectasis with enophthalmos and hypoglobus. Curr Opin
Ophthalmol 15:486-9, 2004

Burroughs JR, Hernandez Cospin JR, Soparkar CN, et al:
Misdiagnosis of silent sinus syndrome. Ophthal Plast
Reconstr Surg 19:449-54, 2003

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

40.

41.

42.

43.

44.

45.

46.

469

Cabanis EA, Iba-Zizen MT, Nguyen TH, et al: [The visual
pathways, from anatomical MRI to physiological with
()MRI and tractography with diffusion tensor MRI
(DTMRI)]. Bull Acad Natl Med 188:1153-69, discussion
1170-2, 2004

Campbell WW, Bajandas FJ: Restrictive ophthalmopathy
associated with linear scleroderma. | Neuroophthalmol 15:
95-7, 1995

Carls FR, Josca R, Sailer HF: [The measurement of orbital
volume in reconstruction of the orbital walls]. Minerva
Stomatol 45:493-9, 1996

Carls FR, Schuknecht B, Sailer HF: [Orbital volumetry as
a planning principle for reconstruction of the orbital wall].
Fortschr Kiefer Gesichtschir 39:23-7, 1994

Castelein S, Cohen M, Ayache D, et al: [Atelectasis of the
maxillary sinus: report of a case of acute onset]. Rev
Laryngol Otol Rhinol (Bord) 123:99-102, 2002

Castellani A, Negrini S, Zanetti U: Treatment of orbital
floor blowout fractures with conchal auricular cartilage
graft: a report on 14 cases. ] Oral Maxillofac Surg 60:1413-
7, 2002

Celikoz B, Duman H, Selmanpakoglu N: Reconstruction of
the orbital floor with lyophilized tensor fascia lata. ] Oral
Maxillofac Surg 55:240-4, 1997

Chang BY, Cunniffe G, Hutchinson C: Enophthalmos
associated with primary breast carcinoma. Orbit 21:307-
10, 2002

Chen CT, Chen YR, Tung TC, et al: Endoscopically assisted
reconstruction of orbital medial wall fractures. Plast
Reconstr Surg 103:714-20, quiz 721, 1999

Chen CT, Chen YR: Endoscopically assisted repair of
orbital floor fractures. Plast Reconstr Surg 108:2011-8,
discussion 2019, 2001

Choi JC, Sims CD, Casanova R, et al: Porous polyethylene
implant for orbital wall reconstruction. ] Craniomaxillofac
Trauma 1:42-9, 1995

Cline RA, Rootman J: Enophthalmos: a clinical review.
Ophthalmology 91:229-37, 1984

Coleman SR: Facial recontouring with lipostructure. Clin
Plast Surg 24:347-67, 1997

Cory RC, Clayman DA, Faillace W], et al: Clinical and
radiologic findings in progressive facial hemiatrophy
(Parry-Romberg syndrome). AJ]NR Am ] Neuroradiol 18:
751-7, 1997

Coster DJ, Galbraith JE: Diced cartilage grafts to correct
enophthalmos. Br ] Ophthalmol 64:135-6, 1980

Dailey RA, Cohen JI: Surgical repair of the silent sinus
syndrome. Ophthal Plast Reconstr Surg 11:261-8, 1995
Davidson JK, Soparkar CN, Williams JB, et al: Negative
sinus pressure and normal predisease imaging in silent
sinus syndrome. Arch Ophthalmol 117:1653-4, 1999

de Keyser ], Bruyland M, de Greve ], et al: Enophthalmos as
a rare manifestation of metastatic orbital involvement.
Postgrad Med ] 61:149-52, 1985

de Visscher |G, van der Wal KG: Medial orbital wall fracture
with enophthalmos. | Craniomaxillofac Surg 16:55-9, 1988
Dolynchuk KN, Tadjalli HE, Manson PN, et al: Orbital
volumetric analysis: clinical application in orbitozygomatic
complex injuries. ] Craniomaxillofac Trauma 2:56-63, 1996
Duke-Elder S: Normal and abnormal development. Con-
genital deformities, in Duke-Elder S (ed), System of
Ophthalmology. Vol 3. St. Louis, CV Mosby, 1963, pp. 488-95
Durig J, Borruat FX, Jaques B: [Silent sinus syndrome: an
unusual cause of vertical diplopia]. Klin Monatsbl Augen-
heilkd 212:397-9, 1998

Eto RT, House JM: Enophthalmos, a sequela of maxillary
sinusitis. AJ]NR Am ] Neuroradiol 16:939-41, 1995

Ewald H, Rochels R, Kimmig B: [Enophthalmos in
secondary orbital tumor—a case report]. Rontgenpraxis
47:275-6, 1994

Fan X, Li ], Zhu ], et al: Computer-assisted orbital volume
measurement in the surgical correction of late enophthal-
mos caused by blowout fractures. Ophthal Plast Reconstr
Surg 19:207-11, 2003



470

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Surv Ophthalmol 52 (5) September—-October 2007

Fan X, Shen Q, Li H, et al: [Orbital volume measurement
of enophthalmos of orbital blowout fractures]. Zhonghua
Yan Ke Za Zhi 38:39-41, 2002

Fan X, Zhang D, Feng S, et al: [Late reconstruction and
repositioning of enophthalmos of orbital blow-out frac-
tures]. Zhonghua Yan Ke Za Zhi 38:644-7, 2002

Francois J, Gallenga PE, Pallotta R, et al: Microphthalmos
and malformative syndromes. Ophthalmic Paediatr Genet
2:201-5, 1983

Fukuta K, Jackson IT: Orbital neurofibromatosis with
enophthalmos. Br J Plast Surg 46:36-8, 1993

Gagnon MR, Yeatts RP, Williams Z, et al: Delayed
enophthalmos following a minimally displaced orbital
floor fracture. Ophthal Plast Reconstr Surg 20:241-3, 2004
Galanopoulos A, McNab AA: Hemifacial atrophy: an
unusual cause of upper eyelid retraction. Ophthal Plast
Reconstr Surg 11:278-80, 1995

Garcia GH, Goldberg RA, Shorr N: The transcaruncular
approach in repair of orbital fractures: a retrospective
study. J Craniomaxillofac Trauma 4:7-12, 1998

Gass JD: Parry-Romberg syndrome. Arch Ophthalmol 117:
1099, 1999

Gear AJ, Lokeh A, Aldridge JH, et al: Safety of titanium
mesh for orbital reconstruction. Ann Plast Surg 48:1-7,
discussion 7-9, 2002

Gilhotra JS, McNab AA, McKelvie P, et al: Late orbital
haemorrhage around alloplastic orbital floor implants:
a case series and review. Clin Experiment Ophthalmol 30:
352-5, 2002

Gillman GS, Schaitkin BM, May M: Asymptomatic enoph-
thalmos: the silent sinus syndrome. Am J Rhinol 13:459-62,
1999

Guéganton C, Chavoin JP, Boutault F, et al: [Treatment of
facial lesions in Parry-Romberg and Barraquer-Simons
syndromes: report of 12 clinical cases]. Ann Chir Plast
Esthet 45:436-51, 2000

Gunalp I, Gundiiz K: Metastatic orbital tumors. Jpn ]
Ophthalmol 39:65-70, 1995

Guyuron B: The hourglass facial deformity. | Craniomax-
illofac Surg 18:187-91, 1990

Haik BG, Pohlod M: Severe enophthalmos following
intracranial decompression in a von Recklinghausen
patient. J Clin Neuroophthalmol 13:171-4, 1993

Hakin KN, Yokoyama C, Wright JE: Hemifacial atrophy: an
unusual cause of enophthalmos. Br ] Ophthalmol 74:496—
7, 1990

Haritoglou C, Hintschich C: [Progressive enophthalmos in
association with an orbital varix]. Klin Monatsbl Augen-
heilkd 220:268-71, 2003

Harley RD, Rodrigues MM, Crawford JS: Congenital
fibrosis of the extraocular muscles. | Pediatr Ophthalmol
Strabismus 15:346-58, 1978

Harley RD, Rodrigues MM, Crawford JS: Congenital
fibrosis of the extraocular muscles. Trans Am Ophthalmol
Soc 76:197-226, 1978

Harris GJ, Bair RL: Bone wax template for the correction of
enophthalmos with porous polyethylene implants. Am J
Ophthalmol 120:536-8, 1995

Harris GJ, Garcia GH, Logani SC, et al: Orbital blow-out
fractures: correlation of preoperative computed tomogra-
phy and postoperative ocular motility. Trans Am Ophthal-
mol Soc 96:329-47, discussion 347-53, 1998

Harris GJ: Orbital vascular malformations: a consensus
statement on terminology and its clinical implications.
Orbital Society. Am J Ophthalmol 127:453-5, 1999

Hatt M: [Orbitoplasty in patients with artificial eyes]. Klin
Monatsbl Augenheilkd 200:424-7, 1992

Hazan A, Le Roy A, Chevalier E, et al: [Atelectasis of the
maxillary sinus. Analysis of progression stages. Apropos
of 4 cases]. Ann Otolaryngol Chir Cervicofac 115:367-72,
1998

Hertle RW, Katowitz JA, Young TL, et al: Congenital
unilateral fibrosis, blepharoptosis, and enophthalmos
syndrome. Ophthalmology 99:347-55, 1992

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

HAMEDANI ET AL

Hira NK, Lipham W], Marciniak MM: Silent sinus
syndrome. Optometry 75:589-94, 2004

Hobbs CG, Saunders MW, Potts M]: Spontaneous enoph-
thalmos: silent sinus syndrome. ] Laryngol Otol 118:310-2,
2004

Hoffmann K, Loblich HJ, Weinrich W: [Enophthalmos
with limitation of bulbar motility as a rare clinical symptom
of metastasizing carcinoma of the breast (author’s transl)].
Klin Monatsbl Augenheilkd 177:376-9, 1980

Hollier LH, Rogers N, Berzin E, et al: Resorbable mesh in
the treatment of orbital floor fractures. ] Craniofac Surg
12:242-6, 2001

Horner JF: Ueber eine Form von Ptosis. Klin Monatsbl
Augenheilkd 7:193-8, 1869

Hug EB, Adams J, Fitzek M, et al: Fractionated, three-
dimensional, planning-assisted proton-radiation therapy
for orbital rhabdomyosarcoma: a novel technique. Int |
Radiat Oncol Biol Phys 47:979-84, 2000

Hunt SM, Tami TA: Sinusitis-induced enophthalmos: the
silent sinus syndrome. Ear Nose Throat J 79. 576, 579-581,
584, 2000

Hunter PD, Baker SS: The treatment of enophthalmos by
orbital injection of fat autograft. Arch Otolaryngol Head
Neck Surg 120:835-9, 1994

Hunzelmann N, Scharffetter Kochanek K, Hager C, et al:
Management of localized scleroderma. Semin Cutan Med
Surg 17:34-40, 1998

Illner A, Davidson HC, Harnsberger HR, et al: The silent
sinus syndrome: clinical and radiographic findings. AJR
Am ] Roentgenol 178:503-6, 2002

Iseli HP, Hafezi F, Mojon DS: Conservative treatment of
vertical diplopia in a patient with silent sinus syndrome.
Ophthalmologica 217:308-9, 2003

Jablonska S, Bubnow B, Lukasiak B: Auswertung von
Chronaxie-Messungen bei Sklerodermie. Dermatol Wo-
chenschr 136:821-37, 1957

Jackson IT, Carls F, Bush K, et al: Assessment and treatment
of facial deformity resulting from radiation to the orbital
area in childhood. Plast Reconstr Surg 98:1169-79,
discussion 11801, 1996

Jank S, Emshoff R, Schuchter B, et al: Orbital floor
reconstruction with flexible Ethisorb patches: a retrospec-
tive long-term follow-up study. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 95:16-22, 2003

Jimenez Caballero PE, Garcia Montero MR: [Deferred
Horner syndrome following thoracoplasty]. Rev Neurol 36:
935-7, 1631, 2003

Karesh JW, Horswell BB: Correction of late enophthalmos
with polyethylene implant. J Craniomaxillofac Trauma 2:
18-23, 1996

Karny H, Baum JL: Refractive change as the initial sign of
progressive facial hemiatrophy. Am J Ophthalmol 79:878-
9, 1975

Kass ES, Salman S, Montgomery WW: Manometric study of
complete ostial occlusion in chronic maxillary atelectasis.
Laryngoscope 106:1255-8, 1996

Kass ES, Salman S, Rubin PA, et al: Chronic maxillary
atelectasis. Ann Otol Rhinol Laryngol 106:109-16, 1997
Kawamoto HK: Elective osteotomies and bone grafting of
irradiated midfacial bones. | Craniomaxillofac Surg 15:
199-206, 1987

Kim SA, Mathog RH: Radiology quiz case 2. Silent sinus
syndrome: maxillary sinus atelectasis with enophthalmos.
Arch Otolaryngol Head Neck Surg 128. 81, 83, 2002
Kirkali PA, Kansu T, Sanac AS: Unilateral enophthalmos in
systemic scleroderma. J Clin Neuroophthalmol 11:43-4,
1991

Kontio R, Suuronen R, Salonen O, et al: Effectiveness of
operative treatment of internal orbital wall fracture with
polydioxanone implant. Int J Oral Maxillofac Surg 30:278-
85, 2001

Kraus M, Gatot A, Fliss DM: Repair of traumatic inferior
orbital wall defects with nasoseptal cartilage. J Oral
Maxillofac Surg 59:1397-400, discussion 1400-1, 2001



DIAGNOSIS AND MANAGEMENT OF ENOPHTHALMOS

96.

97.

98.

99.

100.

101.

102.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Kreutziger KL, Kreutziger KL: Zygomatic fractures: re-
duction with the T-bar screw. South Med J 85:1193-202,
1992

Kronish JW, Gonnering RS, Dortzbach RK, et al: The
pathophysiology of the anophthalmic socket. Part I.
Analysis of orbital blood flow. Ophthal Plast Reconstr Surg
6:77-87, 1990

Kronish JW, Gonnering RS, Dortzbach RK, et al: The
pathophysiology of the anophthalmic socket. Part II.
Analysis of orbital fat. Ophthal Plast Reconstr Surg 6:88-
95, 1990

Kubis KC, Danesh-Meyer H, Bilyk JR: Unilateral lid
retraction during pregnancy. Surv Ophthalmol 45:69-76,
2000

Lacey B, Rootman J, Marotta TR: Distensible venous
malformations of the orbit: clinical and hemodynamic
features and a new technique of management. Ophthal-
mology 106:1197-209, 1999

Lagreze WD, Wesendahl TA, Kommerell G: [Enophthal-
mos caused by orbital metastasis of breast carcinoma]. Klin
Monatsbl Augenheilkd 211:68-9, 1997

Lai A, Gliklich RE, Rubin PA: Repair of orbital blow-out
fractures with nasoseptal cartilage. Laryngoscope 108:645—
50, 1998

Langer PD, Patel BC, Anderson RL: Silent sinus syndrome.
Ophthalmology 101:1763—4, 1994

Lee J: Preplanned correction of enophthalmos using diced
cartilage grafts. Br J Plast Surg 53:17-23, 2000

Lee M], Kang YS, Yang JY, et al: Endoscopic transnasal
approach for the treatment of medial orbital blow-out
fracture: a technique for controlling the fractured wall with
a balloon catheter and Merocel. Plast Reconstr Surg 110:
417-26, discussion 427-8, 2002

Lehman TJ: The Parry Romberg syndrome of progressive
facial hemiatrophy and linear scleroderma en coup de
sabre. Mistaken diagnosis or overlapping conditions?

J Rheumatol 19:844-5, 1992

Lenshoek CH, van Manen J, Notermans SL, et al:
[Unilateral exophthalmos and enophthalmos (a case of
enophthalmos in von Recklinghausen’s disease)]. Neuro-
chirurgie 14:986-8, 1968

Lepore FE: Enophthalmos and Horner’s syndrome. Arch
Neurol 40:460, 1983

Mackenzie DJ, Arora B, Hansen J: Orbital floor repair with
titanium mesh screen. | Craniomaxillofac Trauma 5:9-16,
discussion 17-8, 1999

Manor RS: Enophthalmos caused by orbital metastatic
breast carcinoma. Acta Ophthalmol (Copenh) 52:881-4,
1974

Mazzeo N, Fisher JG, Mayer MH, et al: Progressive
hemifacial atrophy (Parry-Romberg syndrome). Case re-
port. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
79:30-5, 1995

Merchante N, Garcia-Garcia JA, Vergara S, et al: Bilateral
enophthalmos as a manifestation of HIV infection-related
lipoatrophy. HIV Med 5:448-9, 2004

Miedziak Al, Stefanyszyn M, Flanagan J, et al: Parry-
Romberg syndrome associated with intracranial vascular
malformations. Arch Ophthalmol 116:1235-7, 1998

Miller MT, Spencer MA: Progressive hemifacial atrophy. A
natural history study. Trans Am Ophthalmol Soc 93:203-15,
discussion 215-7, 1995

Mohadjer Y, Holds JB: Orbital metastasis as the initial
finding of breast carcinoma: a ten-year survival. Ophthal
Plast Reconstr Surg 21:65-6, 2005

Mohr C, Fritze H, Messmer E, et al: [The question of
midface growth inhibition following retinoblastoma treat-
ment in early childhood]. Dtsch Z Mund Kiefer Gesicht-
schir 14:391-4, 1990

Montgomery WW: Mucocele of the maxillary sinus
causing enophthalmos. Eye Ear Nose Throat Mon 43:
41-44, 1964

Moos KF, Le May M, Ord RA: Investigation and manage-
ment of orbital trauma. Int J Oral Surg 10:229-34, 1981

119.

120.

121.

122.

123.

124.

125.

126.
127.

128.

129.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

471

Morax S, Hamedani M: Enophtalmie post-traumatique, in
Adenis JP, Morax S (eds): Pathologie Orbito-Palpébra-
le—Rapport de la Société Francaise d’Ophtalmologie.
Paris, Masson, 1998, pp. 733-9

Muchnick RS, Aston SJ, Rees TD: Ocular manifestations
and treatment of hemifacial atrophy. Am ] Ophthalmol 88:
889-97, 1979

Mun GH, Song YH, Bang SI: Endoscopically assisted
transconjunctival approach in orbital medial wall fractures.
Ann Plast Surg 49:337-43, discussion 344, 2002

Mwanza JC, Ngoy DK, Kayembe DL: Reconstruction of
orbital floor blow-out fractures with silicone implant. Bull
Soc Belge Ophtalmol 280:57-61, 2001

Nasr AM, Jabak MH, Batainah Y: Orbital volume augmen-
tation with subperiosteal room-temperature-vulcanized
silicone implants: a clinical and histopathologic study.
Ophthal Plast Reconstr Surg 10:11-21, discussion 22-3,
1994

Koekina OI, Gaidamakina AM, Koroleva MV: [Possibility of
correcting interhemispheric EEG asymmetry in the process
of prevention of recurrences of alcoholism by reflexother-
apy]. Zh Nevropatol Psikhiatr Im S S Korsakova 91:88-91,
1991

Ng SG, Madill SA, Inkster CF, et al: Medpor porous
polyethylene implants in orbital blowout fracture repair.
Eye 15:578-82, 2001

Nielsen PJ: Upside down ptosis in patients with Horner’s
syndrome. Acta Ophthalmol (Copenh) 61:952-7, 1983
Nikoforov BM: Pulsating enophthalmos in Rechklinghau-
sen’s disease. Vestn Oftalmol 79:77-9, 1966

Obermoser G, Pfausler BE, Linder DM, et al: Scleroderma
en coup de sabre with central nervous system and
ophthalmologic involvement: treatment of ocular symp-
toms with interferon gamma. ] Am Acad Dermatol 49:543-
6, 2003

Ong L, McNab A: The silent sinus syndrome: a case with
normal predisease imaging. Orbit 22:161-4, 2003

Otto AJ, Borghouts JM: Orbital corrections with the use of
alloplastic material. Mod Probl Ophthalmol 14:641-4, 1975
Ousterhout DK: Correction of enophthalmos in progres-
sive hemifacial atrophy: a case report. Ophthal Plast
Reconstr Surg 12:240-4, 1996

Paris GL, Spohn WG: Correction of enophthalmos in the
anophthalmic orbit. Ophthalmology 87:1301-8, 1980
Pensler JM, Murphy GF, Mulliken JB: Clinical and
ultrastructural studies of Romberg’s hemifacial atrophy.
Plast Reconstr Surg 85:669-74, discussion 675-6, 1990
Ploder O, Klug C, Backfrieder W, et al: 2D- and 3D-based
measurements of orbital floor fractures from CT scans.
J Craniomaxillofac Surg 30:153-9, 2002

Ploder O, Klug C, Voracek M, et al: Evaluation of
computer-based area and volume measurement from
coronal computed tomography scans in isolated blowout
fractures of the orbital floor. J Oral Maxillofac Surg 60:
1267-72, discussion 1273-4, 2002

Ramboer K, Demaerel P, Baert AL, et al: Linear sclero-
derma with orbital involvement: follow up and magnetic
resonance imaging. Br J] Ophthalmol 81:90-1, 1997

Raney RB, Anderson JR, Kollath ], et al: Late effects of
therapy in 94 patients with localized rhabdomyosarcoma of
the orbit: Report from the Intergroup Rhabdomyosarcoma
Study (IRS)-III, 1984-1991. Med Pediatr Oncol 34:413-20,
2000

Rapidis AD, Liarikos S, Ntountas J, et al: The silent sinus
syndrome: report of 2 cases. J Oral Maxillofac Surg 62:
1028-33, 2004

Reifler DM, Davison P: Histochemical analysis of breast
carcinoma metastatic to the orbit. Ophthalmology 93:254—
9, 1986

Reifler DM: Orbital metastasis with enophthalmos: a review
of the literature. Henry Ford Hosp Med ] 33:171-9, 1985
Roddi R, Riggio E, Gilbert PM, et al: Clinical evaluation of
techniques used in the surgical treatment of progressive
hemifacial atrophy. ] Craniomaxillofac Surg 22:23-32, 1994



472

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Surv Ophthalmol 52 (5) September—-October 2007

Rootman J, Stewart B, Goldberg RA: Orbital Surgery: A
Conceptual Approach. Philadelphia, Lippincott-Raven,
1995. pp 64, 198

Rootman J: Diseases of the Orbit: A Multidisciplinary
Approach. Philadelphia, Lippincott Williams & Wilkins,
2002. pp 74-5

Rose GE, Lund VJ: Clinical features and treatment of late
enophthalmos after orbital decompression: a condition
suggesting cause for idiopathic “imploding antrum” (silent
sinus) syndrome. Ophthalmology 110:819-26, 2003

Rose GE, Sandy C, Hallberg L, et al: Clinical and radiologic
characteristics of the imploding antrum, or “silent sinus,”
syndrome. Ophthalmology 110:811-8, 2003

Rose TP: Spontaneous enophthalmos associated with
asymptomatic maxillary sinus disease (silent sinus syn-
drome): case report. ] Am Optom Assoc 69:236-40, 1998
Rubin PA, Bilyk JR, Shore JW: Orbital reconstruction using
porous polyethylene sheets. Ophthalmology 101:1697-708,
1994

Rubin PA, Remulla HD: Orbital venous anomalies demon-
strated by spiral computed tomography. Ophthalmology
104:1463-70, 1997

Sacks JG, O’Grady RB: Painful ophthalmoplegia and
enophthalmos due to metastatic carcinoma: simulation of
essential facial hemiatrophy. Trans Am Acad Ophthalmol
Otolaryngol 75:351-4, 1971

Savino PJ, Glaser JS, Luxenberg MN: Pulsating enophthal-
mos and choroidal hamartomas: two rare stigmata of
neurofibromatosis. Br J Ophthalmol 61:483-8, 1977
Schmitz JP, Parks W, Wilson IF, et al: The use of the Naugle
orbitometer in maxillofacial trauma. J Craniomaxillofac
Trauma 5:13-8, 1999

Schubert W, Gear AJ, Lee C, et al: Incorporation of
titanium mesh in orbital and midface reconstruction. Plast
Reconstr Surg 110:1022-30, discussion 1031-2, 2002
Schuknecht B, Carls F, Valavanis A, et al: CT assessment of
orbital volume in late post-traumatic enophthalmos.
Neuroradiology 38:470-5, 1996

Sehgal VN, Srivastava G, Bajaj P: En coup de sabre. Int |
Dermatol 41:504-5, 2002

Sergott TJ, Vistnes LM: Correction of enophthalmos and
superior sulcus depression in the anophthalmic orbit:
a long-term follow-up. Plast Reconstr Surg 79:331-8, 1987
Shields CL, Stopyra GA, Marr BP, et al: Enophthalmos as
initial manifestation of occult, mammogram-negative
carcinoma of the breast. Ophthalmic Surg Lasers Imaging
35:56-7, 2004

Shore JW, McCord CD, Bergin D], et al: Management of
complications following dermis-fat grafting for anophthalmic
socket reconstruction. Ophthalmology 92:1342-50, 1985
Siddique SA, Mathog RH: A comparison of parietal and
iliac crest bone grafts for orbital reconstruction. J Oral
Maxillofac Surg 60:44-50, discussion 50-2, 2002

Smith B, Guberina C: Coloboma in progressive hemifacial
atrophy. Am ] Ophthalmol 84:85-9, 1977

Smith B, Lisman RD: Use of sclera and liquid collagen in
the camouflage of superior sulcus deformities. Ophthal-
mology 90:230-5, 1983

Smith B, Obear M, Leone CR: The -correction of
enophthalmos associated with anophthalmos by glass bead
implantation. Am J Ophthalmol 64:1088-93, 1967

Smith B, Petrelli R: Dermis-fat graft as a movable implant
within the muscle cone. Am J Ophthalmol 85:62-6, 1978
Snyder BJ, Hanieh A, Trott JA, et al: Transcranial
correction of orbital neurofibromatosis. Plast Reconstr
Surg 102:633-42, 1998

Soparkar CN, Patrinely JR, Cuaycong M], et al: The silent
sinus syndrome. A cause of spontaneous enophthalmos.
Ophthalmology 101:772-8, 1994

Soparkar CN, Patrinely JR, Davidson JK: Silent sinus
syndrome-new perspectives? Ophthalmology 111:414-5,
author reply 415-6, 2004

166.

167.
168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

HAMEDANI ET AL

Stefanyszyn MA, DeVita EG, Flanagan JC: Breast carcinoma
metastatic to the orbit. Ophthal Plast Reconstr Surg 3:43-7,
1987

Steinkogler FJ: The treatment of the post-enucleation
socket syndrome. J Craniomaxillofac Surg 15:31-3, 1987
Stone RA, Scheie HG: Periorbital scleroderma associated
with heterochromia iridis. Am | Ophthalmol 90:858-61, 1980
Suttorp-Schulten MS, Koornneef L: Linear scleroderma
associated with ptosis and motility disorders. Br J Oph-
thalmol 74:694-5, 1990

Tamraz |, Iba-Zizen MT, Cabanis EA: [Atlas of head anatomy
in the neuro-ocular plane]. J Fr Ophtalmol 7:371-9, 1984
Thomas RD, Graham SM, Carter KD, et al: Management of
the orbital floor in silent sinus syndrome. Am J Rhinol 17:
97-100, 2003

Thompson PD, Wise R], Kendall BE: Enophthalmos and
metastatic carcinoma of the breast. J] Neurol Neurosurg
Psychiatry 48:1305-6, 1985

Tuffanelli DL: Localized scleroderma. Semin Cutan Med
Surg 17:27-33, 1998

Urban J, Toruniowa B, Chibowska M: Progressive hemi-
facial atrophy: ten-year observation of a case. Cutis 58:165—
8, 1996

van der Wiel HL, van Gijn J: No enophthalmos in Horner’s
syndrome. J Neurol Neurosurg Psychiatry 50:498-9, 1987
Vander Meer B, Harris G, Toohill R], et al: The silent sinus
syndrome: a case series and literature review. Laryngoscope
111:975-8, 2001

Vazquez-Botet R, Reyes BA, Vazquez-Botet M: Sclerodermi-
form linear atrophy after the use of intralesional steroids
for periorbital hemangiomas: a review of complications.
J Pediatr Ophthalmol Strabismus 26:124-7, 1989
Villarreal PM, Monje F, Morillo A], et al: Porous poly-
ethylene implants in orbital floor reconstruction. Plast
Reconstr Surg 109:877-85, discussion 886-7, 2002

Wallace DK, Virata SR, Mukherji SK: Strabismus surgery
complicated by “pulled in two syndrome” in a case of
breast carcinoma metastatic to the medial rectus muscle.
J AAPOS 4:117-9, 2000

Wan MK, Francis IC, Carter PR, et al: The spectrum of
presentation of silent sinus syndrome. ] Neuroophthalmol
20:207-12, 2000

Wartenberg R: Progressive facial hemiatrophy. Arch Neurol
Psychiatr 54:75, 1945

Warwar RE, Rogers DL: Exophthalmos and orbital floor
thickening related to maxillary sinusitis. Ophthal Plast
Reconstr Surg 19:158-9, 2003

Whitehouse RW, Batterbury M, Jackson A, et al: Prediction
of enophthalmos by computed tomography after ‘blow out’
orbital fracture. Br ] Ophthalmol 78:618-20, 1994
Yavuzer R, Tuncer S, Basterzi Y, et al: Reconstruction of
orbital floor fracture using solvent-preserved bone graft.
Plast Reconstr Surg 113:34-44, 2004

Yip CC, McCulley TJ, Kersten RC, et al: Silent sinus
syndrome as a cause of diplopia in a child. | Pediatr
Ophthalmol Strabismus 40:309-11, 2003

Yue NC, Benson ML: The hourglass facial deformity as
a consequence of orbital irradiation for bilateral retino-
blastoma. Pediatr Radiol 26:421-3, 1996

The authors reported no proprietary or commercial interest in
any product mentioned or concept discussed in this review. The
authors thank Dr Uffer Sylvie, MD, (Pathology unit), and the
photographers of the Jules Gonin Eye Hospital (Marie Humair,
Bruno Jeanin, Jean Winkler, Samuel Fromhold, Marc Curchod)
and Rothschild Foundation (Patrice Morére, Paris) for their
contribution. The authors would also like to thank A Goldman,
MD, (Boulder, CO) for his assistance in editing this paper.

Reprint address: Mehrad Hamedani, MD, Jules Gonin Eye
Hospital, University of Lausanne, Avenue de France 15, Case
postale 133 - 1000 Lausanne 7, Switzerland.



DIAGNOSIS AND MANAGEMENT OF ENOPHTHALMOS

Outline

I. Diagnosis of enophthalmos

A. Definition
B. Clinical presentation

1.
2.

Symptoms
Clinical examination

C. Radiological imaging
D. Pseudoenophthalmos

1.

Globe

a. Phthisis bulbi
b. Microphthalmos, microcornea
c. Refractive-anisometropia

2. Altered lid position

3.

a. Horner syndrome

b. Ptosis

Structural lesions

a. Post-enucleation socket syndrome
(PESS)

b. Contralateral  proptosis/exophthal-

mos

473

c. Facial asymmetry

II. Pathophysiology of enophthalmos

III.

Iv.
V.

A.
B.
C.

Enlargement of the orbital container
Reduction of the orbital content
Contraction of the orbital content

Etiologies of enophthalmos and management

A.
B.

== OO0

G
H
I
S
M

Post-traumatic enophthalmos
Chronic maxillary atelectasis (silent sinus
syndrome)

. Recklinghausen disease

. Orbital varix

. Breast cancer metastasis

. Linear scleroderma/ Parry Romberg syn-

drome (hemifacial atrophy)
Age-related fat atrophy

HIV infection-related lipodystrophy
Radiotherapy

ummary and conclusion

ethod of literature search



	Diagnosis and Management of Enophthalmos
	Diagnosis of Enophthalmos
	Definition
	Clinical presentation
	Symptoms
	Clinical Examinaton

	Radiological imaging
	Pseudoenophthalmos
	Globe
	Phthisis Bulbi
	Microphthalmos, Microcornea
	Refractive-Anisometropia

	Altered Lid Position
	Horner Syndrome
	Ptosis

	Structural Lesions
	Post-Enucleation Socket Syndrome (PESS)
	Contralateral Proptosis/Exophthalmos
	Facial Asymmetry



	Pathophysiology of Enophthalmos
	Enlargement of the orbital container
	Reduction of the orbital content
	Contraction of the orbital content

	Etiologies of Enophthalmos and Management
	Post-traumatic enophthalmos
	Chronic maxillary atelectasis (silent sinus syndrome)
	Recklinghausen disease
	Orbital varix
	Breast cancer metastasis
	Linear scleroderma/Parry-Romberg syndrome (hemifacial atrophy)
	Age-related fat atrophy
	HIV infection-related lipodystrophy
	Radiotherapy

	Summary and Conclusion
	Method of Literature Search
	References
	Outline


