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Correlation Between Volume of Herniated
Orbital Contents and the Amount of
Enophthalmos in Orbital Floor and

Wall Fractures
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Purpose: To analyze the correlation between the volume of herniated orbital contents and the amount
of enophthalmos in orbital floor and wall fractures.

Materials and Methods: Patients with secondary enophthalmos due to unilateral orbital floor and wall
fractures were recruited. Computed tomography–assisted measurements of both orbits as well as of the
amount of enophthalmos were performed. The following volumes were calculated: 1) the overall volume of
both the healthy and fractured orbit, 2) the volume of herniated orbital contents at the orbital walls, 3) the
volume of herniated orbital contents anterior and posterior to the vertical eyeball equator. The amount of
enophthalmos was also measured by computed tomography. Multifactor linear regression analysis was
performed to obtain correlations between the amount of enophthalmos and the measured volumes.

Results: Twenty-three patients were included. The average enophthalmos was 4.0 mm (SD � 1.49).
Although correlation between volume differences of healthy and fractured sides was not statistically
significant, the overall volume of the herniated orbital contents was significantly correlated (P � .05)
with the amount of enophthalmos. Regarding the specific orbital sites of herniation, the orbital floor was
detected to be most significantly correlated to the amount of enophthalmos (P � .05), although only the
herniation posterior to the vertical eyeball equator.

Conclusion: The overall volume of herniated orbital contents correlated significantly with the amount of
enophthalmos. The orbital floor was detected to be the site most significantly correlated with the amount of
enophthalmos (although only if herniation occurred posterior to the vertical eyeball equator). Only the volume of
herniated soft tissues posterior to the eyeball equator showed correlation with the amount of enophthalmos.
© 2012 Published by Elsevier Inc on behalf of the American Association of Oral and Maxillofacial Surgeons
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Orbital fractures are common in midfacial trauma, often
in combination with zygomatic fractures.1 All 4 orbital

alls (medial, lateral, roof, and floor) may be involved,
ausing complications such as diplopia due to impaired
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yeball motility and enophthalmos.2 Indications for
open reduction in orbital fractures have been estab-
lished.3 To date, surgical management of an enophthal-
mos exceeding 3 mm represents the gold standard.4,5
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ZHANG ET AL 69
To determine the extent of enophthalmos, however,
remains difficult because of variable decongestion pat-
terns of the postinjury edema.6 Catone et al7 detected
that 7% to 10% of patients undergoing conservative
treatment of blowout fractures suffered from persistent
enophthalmos. Research of enophthalmos sites and ex-
tent might help both to facilitate the decision-making
process of whether to operate and to predict the best
possible outcome. Unnecessary surgical comorbidities
could be avoided. Enophthalmos occurs because of in-
creased orbital volume, atrophy of the orbital fat, and
soft tissue contracture. The volumetric change of the
orbital socket, however, is considered the most impor-
tant factor.8-11 Because significant difference exists re-
arding the size of both orbital sockets, measurement of
nophthalmos based on comparison of the 2 sides is not
easonable.12 Subsequently, some researchers began to
easure the volume of herniated soft tissue, but the

eliability was limited because of inadequate tech-
iques.13,14 In addition to these limitations, the effect of
ifferent fracture sites in the orbital socket on enoph-
halmos remains unknown. The orbital floor is the most
ommon fracture site in the orbital socket, often causing
ignificant soft tissue herniation into the inferiorly lo-
ated maxillary sinus.15 On the contrary, the orbital roof

remains mostly intact and plays a limited role in the
subject of enophthalmos.16 Therefore, special emphasis
was paid to the correlation between the extent of en-
ophthalmos and the herniated soft tissue volume in
medial and lateral wall and orbital floor fractures. Clini-
cal experience suggests that soft tissue herniation into
the retrobulbar area seems to be important in the devel-
opment of enophthalmos. Therefore, analysis of herni-
ated soft tissue anterior and posterior to the vertical
eyeball equator was additionally performed.

In this study, computer-assisted measurements
were used to analyze the various volumes of the
orbital socket and the herniated soft tissues. Subse-

FIGURE 1. Computed tomography (CT) showing the enophthalm
Mimics 8.11. On an axial CT scan, a line (A) perpendicular to the n
bone of healthy side extending through the fractured orbit. From th
each side were laid (C’ healthy side; C” fractured side). The d
exophthalmos.
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quently these measurements were correlated with
varying amounts of enophthalmos to detect even-
tual significant relationships. Because the Hertel
exophthalmometer is not reliable,17-19 enophthal-
mos was also measured with computed tomogra-
phy (CT)– based electronic data and software pack-
ages.

This study may facilitate surgeons’ decision-mak-
ing processes regarding the choice of conservative
or operative treatment in orbital wall and floor
fractures.

Materials and Methods

The Maxillofacial Trauma Center of the Peking Uni-
versity School of Stomatology serves as a regional
referral center for facial trauma patients. In this ret-
rospective study, the data of 23 patients who under-
went conservative treatment of unilateral orbital frac-
tures, referred to the unit between September 2004
and March 2007, were included in accordance with
the principles outlined in the Declaration of Helsinki.
For each patient, a preoperative CT scan of the head
was performed with a Siemens 16-slice CT machine
(Siemens, Berlin, Germany) with 2-mm pitch and a
reconstruction thickness of 0.625 mm. Before and
during scanning, it was ensured that the logo line of
the CT machine was perpendicular to the patient’s
orbitomeatal line. The scanning range extended from
the skull to the chin.

MEASUREMENT OF ENOPHTHALMOS

The CT data in DICOM format were imported into
the Mimics 8.11 software package (Materialize, Leu-
ven, Belgium). The largest diameter of the eyeball was
selected on axial CT scans. A perpendicular line from
the most prominent point of the lateral edge of
healthy orbital side to the head midline was laid,

he right orbit. CT data were imported into the software package
ptum (B) was drawn from the most prominent point of the zygomatic
perpendicular lines to the most prominent point of the cornea on

ce between the length of C’ and C” represents the amount of
os of t
asal se
is line,
ifferen
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70 HERNIATED ORBITAL CONTENT VOLUME AND AMOUNT OF ENOPHTHALMOS
which served as measurement baseline. The vertical
distance from the most prominent of the cornea point
to the baseline was then measured as the exophthal-
mos value. The difference of measurement value be-
tween the healthy side and the affected side was
taken as the enophthalmos value (Fig 1).

MEASUREMENT OF THE OVERALL ORBITAL VOLUME

CT raw data in DICOM format were imported into
the Mimics 8.11 software package. The bony border
of the orbit was lined out on all axial scans containing
the orbital socket. The orbital rim and the optical
foramen were chosen as the anterior and posterior
borders. After lining out all slices from the orbital roof
to the floor, the software automatically generated an
image in stereolithography format, which was im-
ported into Geomagic Studio 4.0 (Raindrop Geo-
magic, Research Triangle Park, NC) to calculate the
orbital volume (Fig 2).

FIGURE 2. Measurement of the orbital socket. A, Outlining the b
ygomatic bone represents the lateral and the lateral nasal wall t
ocket are delivered by the Mimics software package. C, Outlin

Reconstructed 3-D image of the herniated tissue.
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MEASUREMENT OF THE HERNIATED SOFT
TISSUE VOLUME

Using the Mimics 8.11 software package, the her-
niated tissue borders of the medial and lateral wall
were outlined on axial CT scans level by level, and
sagittal CT scans were used to outline the borders of
herniated tissue in orbital floor fractures. The borders
of the herniated soft tissues were corrected by coro-
nal position. Completing the outlining at all relevant
slices, the 3-dimensional reconstruction of herniated
soft tissue was calculated and imported into Geo-
magic Studio 4.0 in stereolithography format to cal-
culate the volumes (Fig 2).

MEASUREMENT OF THE HERNIATED TISSUE
VOLUME ANTERIOR AND POSTERIOR TO THE
EYEBALL EQUATOR

The vertical eyeball equator was defined as the
maximum diameter of the eyeball in the coronal view.

f the orbital socket in the axial computed tomography scan. The
ial border. B, Reconstructed 3-dimensional images of the orbital
herniated content in the medial border of the orbital socket. D,
order o
he med
ing the
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With similar technique as described earlier, both the
anterior and posterior herniated soft tissues volumes
were calculated (Fig 3).

STATISTICAL ANALYSIS

Using SPSS13.0 software (SPSS, Chicago, IL), back-
ward screening of multiple linear regression was per-
formed to analyze the correlation between the
amount of enophthalmos and the earlier-mentioned
volumetric variables. After the overall orbital volume
differences, the overall herniated soft tissue volumes,
and the extent of enophthalmos were correlated, cor-
relations between the amount of enophthalmos and
the herniated soft tissue volume of each wall as well
as between the extent of enophthalmos and herniated
soft tissue volumes anterior or posterior to the eyeball
equator were calculated.

Results

Twenty-three patients (14 men, 9 women) were
included in this study. Age ranged between 19 and 59
years (mean, 34 years). In 16 cases, the fractures were
due to traffic accidents, in 3 due to assault, in 2 due to
sports accidents, and in 1 each due to an accident at
work and an explosion. The patients were first seen in
the outpatient clinic of the Department of Oral and
Maxillofacial Surgery at Peking University after a mean
period of 11.8 weeks after conservative treatment
of the trauma (range, 3– 84 weeks). Sixteen cases
showed combined orbital floor and medial wall
fractures; isolated floor fracture was seen in 4 cases;

FIGURE 3. Computer-assisted definition of the eyeball equator. Th
scan and was taken as the eyeball equator. The position of the equ
eyeball equator, the measurement of the herniated content in the o
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and isolated medial wall fractures occurred in 3
cases. The orbital roof as well as the lateral wall was
intact in all cases.

An average of 4-mm enophthalmos was calculated
(SD � 1.49 mm).

Although volume differences between the healthy
and fractured sides was not statistically significantly
correlated, overall volume of the herniated orbital
contents did correlate significantly with the extent of
enophthalmos (P � .05; Table 1).

Regarding the specific orbital sites of herniation,
the orbital floor was most significantly correlated to
amount of enophthalmos (P � .05; Table 2), although
only to the herniation posterior to the vertical eyeball
equator (Table 3).

Discussion

Enophthalmos is a major complication of orbital
fractures, possibly leading to functional eye impair-
ment and disturbed facial appearance.3 Generally, en-

phthalmos greater than 3 mm is considered surgi-
ally corrected, the surgery should be finished 2
eeks after injury.3-5 A reliable prediction of the ex-

tent of enophthalmos could facilitate the decision-mak-
ing process regarding whether to pursue conservative
or operative treatment. Moreover, a better understand-
ing with respect to involved orbital locations and their
influence on the consecutive developing enophthalmos
could lead to improved treatment outcomes.

Several studies have considered 1) the increase of
orbital volume in blowout fractures, 2) the atrophy of

st diameter was found in the coronal computed tomography (CT)
as also showed in the axial and sagittal CT scan. According to the
floor was divided into herniation anterior and posterior.

thalmos. J Oral Maxillofac Surg 2012.
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72 HERNIATED ORBITAL CONTENT VOLUME AND AMOUNT OF ENOPHTHALMOS
bital soft tissue to be important mechanisms related to
the development of enophthalmos.8-11

At the beginning, most studies focused on the vol-
umetric difference between the fractured and healthy
orbital socket, which was correlated with the extent
of enophthalmos. Under the premise that both orbital
sockets were symmetrical in volume, in 1994, White-
house et al9 detected an increase in enophthalmos of
.8 mm per each 1 mL of increased orbital volume.
olynchuk et al10 argued that if the overall volume

difference between healthy and fractured orbit was
more than 4% to 5%, enophthalmos would be greater
than 3 mm. However, in 1988 Parsons and Mathog12

had already detected a 7% to 8% difference related to
the overall volume between the fractured and non-
fractured orbit. Similar findings to the latter study
were found in the current study: the average vol-
ume difference of the overall orbital cavity between
the healthy and fractured side was 5.7 mL (range,
1.1–12.3 mL); correlation of this difference with
the extent of enophthalmos did not show any sta-
tistical significance.

Several authors performed correlations between
herniated soft tissue volumes and the amount of en-
ophthalmos.13,14 Jin et al13 calculated an enophthal-

os greater than 2 mm when the herniated soft tissue
xceeded a volume of 0.9 mL and greater than 3 mm
hen exceeding 2.1 mL. In orbital fractures with an

nophthalmos of 2 mm and more, Ploder14 detected
verage volumes of herniated soft tissues of about

Table 1. CORRELATIONS BETWEEN THE DIFFERENCE OF
THE HERNIATED ORBITAL CONTENTS AND THE AMOUNT

Model

Unstan
Coeffi

B

1 (Constant) 1.158
verall orbital volume difference �0.023
verall volume of herniated contents 0.674
(Constant) 2.094
verall volume of herniated contents 0.641
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Table 2. CORRELATION BETWEEN THE VOLUMES OF HE
AND THE ORBITAL FLOOR AND THE AMOUNT OF ENOP

Unstandardized Coefficients

B Standard Error

(Constant) 1.883 0.659 2.85
Medial 0.575 0.223 0.51
Floor 0.782 0.230 0.68
Lateral 1.322 0.732 0.35
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.89 � 1.19 mL. Unfortunately, insufficient accuracy
nheres in studies that correlate herniated tissue
olumes and enophthalmos. Assumptions, as ellip-
ical fracture defects and semielliptical herniated
issue volume, are biased. Both defects as well as
erniated soft tissue volumes may vary, rendering
ifficult any mathematical approximation to the
eality. Others measured the enophthalmos with a
ertel exophthalmometer, an instrument with an
normous inherent measurement error as has been
onfirmed elsewhere.17-19 Enophthalmos measure-

ment represents the cornerstone for the reliability
of enophthalmos-related studies; to date, only a few
studies have tried to confirm the measurement ac-
curacy of the Hertel exophthalmometer that is usu-
ally used in clinical examination.17-19

To improve measurement accuracy in this study,
CT scans with a slice thickness of 0.625 mm were
used with professional graphic software packages.
Later, computer-aided data were used to measure en-
ophthalmos, a method yielding better reliability com-
pared with the Hertel exophthalmometer method.20

It was shown that the amount of herniated soft
tissue volume was correlated with the amount of
enophthalmos. In statistical analysis of correlations
between the difference of the healthy and fractured
orbital socket volumes and between the herniated
orbital contents and the amount of enophthalmos,
only the overall volume of herniated orbital contents
showed significant correlation with the amount of

EALTHY AND FRACTURED ORBITAL SOCKET VOLUME,
NOPHTHALMOS

d Standardized
Coefficients

t P Valuedard Error Beta

.023 0.320 1.132

.112 �0.045 �0.206 .839

.229 0.634 2.939 .009

.612 3.423 .003

.185 0.603 3.464 .002

thalmos. J Oral Maxillofac Surg 2012.

TED CONTENTS OF THE MEDIAL AND LATERAL WALLS
MOS

Standardized
Coefficients

t P ValueBeta

0.010
2.586 .018
3.403 .003
1.807 .087
THE H
OF E

dardize
cients
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1
0
0
0
0
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enophthalmos, with a standardized coefficient of
0.603. This indicates that secondary enophthalmos
results not only from an orbital wall fracture but also
from combined orbital wall fractures. Significant cor-
relation between enophthalmos and each orbital wall
(medial, lateral wall, and floor) was found, with the
orbital floor posterior to the eyeball equator most
significantly correlated. In orbital floor fractures, the
ratio of herniated tissue volume of the floor and the
overall herniated tissue volume was 56.43%. Possible
reasons include the vicinity of the adjacent maxillary
sinus and the gravitation effect.

Further evaluations showed that only the volume of
herniated soft tissues posterior to the eyeball equator
correlated with the amount of enophthalmos. This
finding is consistent with the study of Manson et al.21

Two possible explanations for this finding might be,
first, that the support system of the eyeball is located
posterior to the eyeball equator, and fractures within
this area may deteriorate the support system. A sec-
ond possibility is that in old orbital fractures, scarring
processes posterior to the eyeball could further aggra-
vate an enophthalmos; this assertion might be sup-
ported in the case series presented here, because
orbital fractures older than 8 weeks accounted for
65.2% of all cases (15/23).

In conclusion, the results of this study suggest that
orbital walls (floor, medial, and lateral) behind the
eyeball equator are key locations in enophthalmos.
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