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ABSTRACT.

Purpose: To establish a linear measuring method in computed tomographic (CT)
images to predict the displacement of the globe late after orbital blowout
fracture.

Methods: Subjects were retrospectively included. Inclusion criteria were as
follows: (1) adult subjects (>18 years old at the time of trauma); (2) unilateral
orbital medial-wall and/or floor fractures; (3) CT examination at least 30 days
after trauma. Exclusion criteria were as follows: (1) facial or orbital fracture
extending to other parts of the orbit than medial-wall and/or floor; (2) history of
orbital or ocular abnormality other than the orbital trauma; (3) severe ocular
trauma accompanied by the orbital trauma; (4) orbital fracture treated surgically
before the CT examination. A co-ordinate system was built based on the orbital
CT scans. Displacements of orbital walls, displacement of the globe and relative
location of the fracture site were measured. Correlations between the variables
were investigated.

Results: Ninety-nine per cent of fracture sites of the medial wall and 100% of
fracture sites of the floor were posterior to the centre of the unaffected globe. The
affected globe moved significantly medially (p < 0.001) and backwards
(p < 0.001) in pure medial-wall fracture; backwards (p < 0.001) and downwards
(p =0.017) in pure floor fracture; and medially (p < 0.001), backwards
(p <0.001) and downwards (p < 0.001) in medial-wall and floor fractures.
Displacement of the globe was correlated with displacements of the orbital walls,
and the regression formulae were therefore fitted. Application of the formulae
revealed that the same extent of orbital wall displacement caused more
displacement of the globe in female patients than in male patients.
Conclusions: A linear measuring method in a three-dimensional co-ordinate
system was established to identify the displacements of orbital walls and the
displacement of the globe in orbital blowout fractures. The regression formulae
generated in this study might be used in clinical practice to predict late
displacement of the globe by measuring the displacements of orbital walls.
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Introduction

Orbital blowout fracture is one of the
most frequent facial fractures, since the
orbital walls, especially the medial wall
and the floor, are vulnerable to external
force (Catone et al. 1988; Waterhouse
et al. 1999). The fracture may result in
entrapment of extraocular muscles and
herniation of orbital contents, which
are the two main indications for
surgery (Courtney et al. 2000; Brady
et al. 2001; Boyette etal. 2015).
Entrapment of extraocular muscles
generally leads to ocular motility dys-
function and diplopia. Herniation of
orbital contents into the maxillary/
ethmoid sinuses may cause displace-
ment of the globe, referred to as
enophthalmos. However, estimating
the exact displacement of the globe
caused by fracture is difficult because
post-traumatic intraorbital oedema fre-
quently develops and persists for at
least 7-10 days, interfering with the
position of the globe early after frac-
ture (Yab et al. 1997; Courtney et al.
2000; Lee & Lee 2016). Thus, many
attempts have been made to predict
late displacement of the globe by mea-
suring the extent of fracture. The area
of fracture defect, increase in total
orbital volume and volume of herni-
ated orbital contents have been found
to correlate with late onset of enoph-
thalmos (Whitehouse et al. 1994; Yab
et al. 1997; Ramieri et al. 2000; Cun-
ningham et al. 2005; Zhang et al. 2012;
Sung et al. 2013; Choi et al. 2016a,b;
Lee & Lee 2016; Cha et al. 2017;
Sugiura et al. 2017). However, these
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predictive models are mostly used in
research because the measurement of
area or volume may be too time-con-
suming or unfeasible in clinical practice
if specific software is not available.
Moreover, the extent of enophthalmos,
which indicates backward displacement
of the globe, has generally been the
only variable considered; horizontal
and vertical displacements have seldom
been considered, even though they also
may be present.

Therefore, the aim of this study was
to establish a linear measuring method
in computed tomographic (CT) images
to predict displacement of the globe
late after orbital blowout fracture. This
predictive model is intended to be
suitable for clinical application.

Patients, Materials and
Methods

Study subjects

Subjects were patients who had been
referred to Shanghai Ninth People’s
Hospital from 1 January 2014 to 31
December 2018 for consultation regard-
ing orbital blowout fracture and who
underwent orbital CT scans with slice
thickness of 1 mm in this hospital. The
patients’ medical records and CT scan
reportswerereviewed. We collected back-
ground information of the patients (age,
gender), the time and detailed account of
the trauma, and the method of treatment.
Patientswho met theinclusion criteria but
not the exclusion criteria were consecu-
tively included in the study.

Origin (Prechiasmatic groove)

Inclusion criteria were as follows:

1 adult subjects (>18 years old at the
time of trauma)

2 unilateral orbital medial-wall and/or
floor fractures

3 CT examination at least 30 days
after trauma

Exclusion criteria were as follows:

1 facial or orbital fracture extending
to other parts of the orbit than the
medial wall and/or floor

2 history of orbital or ocular abnor-
mality other than the orbital trauma

3 severe ocular trauma accompanying
the orbital trauma

4 orbital fracture treated surgically
before the CT examination

The research permit was number
SH9H-2018-T41-2. The Medical Ethics
Committee of Shanghai Ninth People’s
Hospital did not require informed
consent for this retrospective study.
The research adhered to the tenets of
the Declaration of Helsinki.

CT data acquisition

The images of orbital CT scans were
collected from the hospital’s CT
database. Scans were obtained on a
64-row multi-slice CT device (Philips
Brilliance), using high-resolution con-
tiguous sections in an axial plane
with these criteria: slice thickness,
1.00 mm; field of view, 25 x 25 cm;
and matrix, 512 x 512. All scan
images were saved in DICOM format
for analysis.

Original position of the Globe centre of the affected side
globe centre of the

Globe centre of
affected side
/" the unaffected side

Measurements of variables in orbital co-
ordinate system

Images were analysed with SIMMED soft-
ware (Shanghai Jiao Tong University,
China). To make the measurements in a
standard and precise way, a three-di-
mensional (3D) orbital co-ordinate sys-
tem was built for the CT images,
according to the protocol created in
our previous study (Ji et al. 2018).
Horizontal planes were set parallel to
the Frankfort plane, which is the refer-
ence scanning plane of standard orbital
CT examination (Lundstrom & Lund-
strom 1995). The midsagittal reference
plane was set perpendicular to horizon-
tal planes and passed through facial
midline landmarks (nasion and prechi-
asmatic groove). The prechiasmatic
groove was set as the origin of the co-
ordinate system. The coronal planes and
the co-ordinate axes were then automat-
ically reformatted since the origin, hor-
izontal planes and sagittal planes were
fixed. Computed tomographic (CT)
images were adjusted to this co-ordinate
system. Each point in the co-ordinate
system had an x-axis, y-axis and z-axis
co-ordinate.

The mirror co-ordinates of the unaf-
fected globe were set as the control to
determine the original position of the
globe on the affected side. The dis-
placement of the affected globe was the
co-ordinate difference between the cur-
rent position of the globe centre and its
original position (Fig. 1). The mirror
boundary of the unaffected orbit was
considered as the original boundary of
the orbit on the affected side. The

Original position of the

Globe centre of the affected side

globe centre of the

z
affected side “Globe centre of

“the unaffected side

Fig. 1. Displacement of the affected globe in three-dimensional (3D) orbital co-ordinate system. (A) Establishment of 3D orbital co-ordinate system
on reconstructed skull: origin (prechiasmatic groove), x-axis, y-axis and z-axis. (B, C) Locations of the landmarks on horizontal plane (B) and coronal
plane (C). The original position of the globe centre of the affected side is defined as the mirror point of the globe centre of the unaffected side. The
displacement of the affected globe is the co-ordinate value difference from the current position of the globe centre to its original position; these two
points may not be on the same horizontal plane or coronal plane.
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horizontal farthest fracture segment or
soft tissue herniated into the ethmoid
sinus from the original boundary of the
orbit was defined as the fracture site of
the medial wall; the vertical farthest
fracture segment or soft tissue herni-
ated into the maxillary sinuses from the
original boundary of the orbit was

Displacement of the

affected medial waII\
\

Original position
of the affected

medial wall ___

Original position of the affected floor

Displacement of

the affected floor

Fracture site
of the affected

floor __

Fracture site of the affected

defined as the fracture site of the floor.
The displacement of the affected medial
wall was the horizontal distance from
the fracture site to the original position
of the affected medial wall; the dis-
placement of the affected floor was the
vertical distance from the fracture site
to the original position of the affected

Fracture site of the

affected medial waII\

medial wall

Displacement of the

affected medial wall

_Unaffected
medial wall Original
position of

the affected

floor. The measurements were taken in
coronal planes and checked in horizon-
tal/sagittal planes (Fig. 2). A compar-
ison of the anteroposterior co-
ordinates of the fracture site and the
contralateral globe centre determined
the relative location (anteroposterior)
of the fracture site (Fig. 2B,D).
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Fig. 2. Locations of the fracture sites and displacements of the affected orbital walls. (A, B) Landmarks of medial-wall fracture on coronal plane (A)
and horizontal plane (B). The original position of the affected medial wall is defined as the mirror point of the unaffected medial wall on the same x-
axis (horizontal axis) with the fracture site. The displacement of the affected medial wall is the horizontal distance from the fracture site to the original
position of the affected medial wall. The location of the fracture site of the affected medial wall is posterior to the posterior pole of the unaffected
globe in this case (B). (C, D) Landmarks of floor fracture on coronal plane (C) and sagittal plane (D). The position of the unaffected floor is defined as
the point on the contralateral floor which has the opposite x-coordinate to the fracture site. The original position of the affected floor is the mirror
point of the unaffected floor. The displacement of the floor is the vertical distance from the fracture site to the original position of the affected floor.
The location of the fracture site of the affected floor was posterior to the posterior pole of the unaffected globe in this case (D).
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The variables measured were dis-
placements of orbital walls, displace-
ment of the globe and relative location
of the fracture site. Correlations
between displacements of orbital walls
and displacement of the globe were
determined.

Statistical analysis

Statistical analyses were performed with
Microsoft Office EXCEL 2010 (Micro-
soft, Redmond, WA, USA) and spss 17.0
(SPSS, Chicago, IL, USA). The mea-
sured values were recorded as
mean + SD. One-sample -test was con-
ducted to confirm whether the displace-
ments of the globe were significant (p-
value <0.05) in certain types of orbital
blowout fracture. Correlation analysis
was conducted between the displace-
ments of orbital walls and the displace-
ment of the globe. p-Value <0.05 was
considered  statistically  significant.
Regression formula was fitted for the
variables that had significant correlation.
Constant is not included in the formula
according to its clinical application.

Results

One hundred forty-four adult Chinese
(83 men, 61 women), aged 22-66 years
(median = 38) at the time of trauma,
were included in this study. The inter-
val between the onset of trauma and
CT examination was 30 days to
10 years (median = 65 days). Sixty-
seven patients had blowout fractures
of the right orbit and 77 of the left
orbit. Forty-three patients had pure
medial-wall fracture, 28 had pure floor
fracture, and 73 had medial-wall and
floor fractures. All patients received
only conservative treatment for orbital
fracture before the CT examination.

The location of the fracture site was
compared with the position of the
unaffected globe (Table 1). Ninety-nine
per cent of fracture sites of the medial
wall and 100% of fracture sites of the
floor were posterior to the centre of the
unaffected globe, more than half of
which were posterior to the posterior
pole of the globe.

Displacements of orbital walls and
the globe in various types of orbital

Table 1. Relative location of the fracture site to the position of the unaffected globe.

Relative location of the fracture site to the position
of the unaffected globe

Orbital wall
of fracture

Type of orbital
blowout fracture

Anterior to the
globe centre

Posterior to the
globe centre

and anterior to
the posterior
pole of the globe

Posterior to the
posterior
pole of the globe

Pure medial-wall Medial wall 0 (0%) 15 (34.88%) 28 (65.12%)
fracture (43 subjects)

Pure floor fracture Floor 0 (0%) 7 (25.00%) 21 (75.00%)
(28 subjects)

Medial-wall and Medial wall 1 (1.37%) 26 (35.62%) 46 (63.01%)
floor fractures Floor 0 (0%) 32 (43.84%) 41 (56.16%)

(73 subjects)

Table 2. Displacements of orbital walls and globe in types of orbital blowout fractures.

blowout fractures are listed in Table 2.
The globe moved significantly medially
(p <0.001) and backwards (p < 0.001)
in pure medial-wall fracture; backwards
(p < 0.001) and downwards (p = 0.017)
in pure floor fracture; and medially
(p < 0.001), backwards (p < 0.001) and
downwards (p < 0.001) in medial-wall
and floor fractures. Horizontal, antero-
posterior and vertical displacements of
the globe were correlated with the
displacements of orbital walls. Regres-
sion formulae were fitted separately for
male and female subjects (Table 3).
Application of the formulae revealed
that the same amount of displacement
of orbital walls caused more severe
medial, backward and downward dis-
placement of the globe in female
patients than in male patients.

Discussion

Displacement of the globe is a key factor
of decision-making in management of
orbital blowout fractures. According to
the literature and clinical experience,
enophthalmos greater than 2-3 mm
becomes clinically noticeable (Hazani &
Yaremchuk 2012; Zhang et al. 2012;
Boyette et al. 2015) and requires surgical
correction preferably within 2 weeks of
the injury (Courtney et al. 2000; Zhang
et al. 2012; Boyette et al. 2015; Choi
et al. 2016b; Yamanaka et al. 2018).
However, intraorbital oedema occurs
early after fracture and masks the exact
displacement of the globe (Whitehouse
et al. 1994; Yab et al. 1997; Courtney
et al. 2000; Lee & Lee 2016). Thus,
measurements of the extent of fracture
have been used to predict the extent of
late enophthalmos after orbital fracture
(Whitehouse et al. 1994; Yab et al. 1997;
Ramieri et al. 2000; Cunningham et al.
2005; Zhanget al. 2012; Sunget al.2013;

Displacement of
orbital medial wall
(mean + SD)
Medial horizontal
displacement (mm)

Type of orbital
blowout fracture

Downward vertical
displacement (mm)

Displacement of
orbital floor
(mean + SD)

Displacements of the globe (mean + SD) (one-sample z-test*)

Medial horizontal
displacement (mm)

Backward anteroposterior
displacement (mm)

Downward vertical
displacement (mm)

Pure medial-wall 8.76 + 3.39 1.55 +0.95 (r = 10.671, 1.53 + 1.18 (r = 8.488, 0.32 + 1.30
fracture (43 subjects) p < 0.001) p < 0.001) (t = 1.631,p = 0.110)
Pure floor fracture 12.79 + 5.12 0.05 +0.79 (r = 0.320, 1.79 + 0.95 (r = 9.953, 0.62 + 1.29
(28 subjects) p = 0.751) p < 0.001) (t = 2.543, p = 0.017)
Medial-wall and floor  8.90 + 3.7 8.79 + 4.55 1.93 + 1.16 (r = 14.280, 2.92 + 148 (r = 16912, 1.25 + 1.50
fractures (73 subjects) p < 0.001) p < 0.001) (¢t = 7.140, p < 0.001)

* One-sample t-test was conducted for comparisons of the displacements of the globe and zero. p < 0.05 indicates that the displacements were

statistically significant.
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Table 3. Correlation between displacements of orbital walls and displacement of the globe.

Sex (83
males, Regression
Independent variable (a, ») Dependent variable () 61 females) p* r formula®
a = medial horizontal Medial horizontal Male <0.001 (y with @)  0.729 (y with a) 0.131 (y with ) y = 0.18a
displacement of orbital displacement of the globe 0.236 (y with b)
medial wall (mm) (mm) Female <0.001 (y with @)  0.873 (y with a) 0.168 (y with ) y = 0.20a
0.194 (y with b)
Backward anteroposterior Male <0.001 (y with @)  0.703 (y with a) 0.744 (y with b)) y = 0.16a + 0.15b
displacement of the globe <0.001 (y with b)  0.902 (y with a & b)
b = downward vertical (mm) Female <0.001 (y with @)  0.818 (y with a) 0.725 (y with b)) y = 0.18a + 0.15b
displacement of <0.001 (y with b)  0.933 (y with a & b)
orbital floor (mm) Downward vertical Male 0.009 (y with a) 0.286 (y with @) 0.230 (y with b) y = 0.06a + 0.04h
displacement of the globe 0.036 (y with b) 0.470 (y with a & b)
(mm) Female <0.001 (y with @)  0.427 (y with a) 0.472 (y with b)) y = 0.07a + 0.09

<0.001 (y with )

0.726 (v with a & b)

* In correlation analysis, p < 0.05 indicates that the correlation between these variables was significant.
T Regression formula is fitted for the variables that had significant correlation (p < 0.05). The constant is not included in the formula according to the

clinical application of the formula.

Choiet al. 2016a,b; Lee & Lee 2016; Cha
et al. 2017; Sugiura et al. 2017). One
millilitre of increased orbital volume can
cause enophthalmos of 0.8 mm (White-
houseet al. 1994), and a fracture defect of
2.75 cm® can cause enophthalmos of
2 mm (Sung et al. 2013). However, clin-
ical application of these predictive mod-
els is limited because image processing of
area or volume is demanding and not
feasible with ordinary CT browsers.
Therefore, in this study, we built a linear
measuring method and used it instead of
area or volume measurements. Although
linear measurements might be less con-
crete than area and volume measure-
ments, they are more practical in clinical
use.

According to the hydraulic mecha-
nism of orbital blowout fractures, the
force to the globe reaches the orbital
walls, breaking the thin medial wall/floor
and resulting in displacement of the wall
segment and soft tissue into the ethmoid/
maxillary sinuses (Waterhouse et al.
1999; He et al. 2012). Fractures of the
orbital roof and lateral wall are less
frequent than medial-wall and floor
fractures and generally do not cause
herniation of intraorbital content into
the sinus, so they were not included in
this study. Linear measurement of the
farthest displacement of the fractured
orbital wall is a variable to reflect the
extent of fracture (Cunningham et al.
2005; Lee & Lee 2016; Cai et al. 2018).
We measured horizontal displacement of
the medial wall and vertical displacement
of floor, with the unaffected orbit as the
control. Since the measurements were
along co-ordinate axes, they were the
same in coronal, horizontal and sagittal

views. This measuring method is feasible
with ordinary CT browsers used in clin-
ical practice.

We found that various types of
orbital blowout fracture had variable
features in displacement of the globe.
The globe moved medially and back-
wards in pure medial-wall fractures;
backwards and downwards in pure floor
fractures; and medially, backwards and
downwards in medial-wall and floor
fractures. Displacement of the globe
was correlated with displacement of
the orbital walls, and the regression
formulae were fitted accordingly. From
the formulae, we learned that only
displacement of the medial wall could
cause medial displacement of the globe;
displacement of both the medial wall
and floor could cause backward and
downward displacement of the globe,
but the extent of downward displace-
ment was much less severe than that of
backward displacement. These formu-
lae were similar to those used in a
previous study (Lee & Lee 2016). In that
study, about 2.0 mm of enophthalmos
was associated with 9.3- and 10.0-mm
enophthalmos estimate lines in patients
with isolated inferior-wall fractures and
medial-wall fractures, respectively. To
note, the enophthalmos estimate lines in
that study were perpendicular to the
defect line but not along the horizontal
or vertical axis, so they were not equal to
the displacement of orbital walls in this
study. Further, the enophthalmos esti-
mate lines were measured differently in
coronal, horizontal and sagittal views,
whereas the displacement of orbital
walls in this study had the same mea-
surement in these views. The formulae

generated in this study can therefore be
used in clinical practice to predict the
direction and extent of late displacement
of the globe by measuring the displace-
ment of orbital walls in early cases.

In comparing the location of the
fracture site with the position of the
unaffected globe, we found that most
fracture sites were posterior to the
globe centre, more than half of which
were posterior to the posterior pole of
the globe. This finding was consistent
with the hydraulic mechanism and the
biomechanical analysis of orbital blow-
out fracture as reported (Waterhouse
et al. 1999; Schaller et al. 2013) and
indicated the most fragile sites in
orbital walls. Further, the relative pos-
terior positions of the fracture sites in
both medial-wall fractures and floor
fractures explain why the fractures of
orbital walls can lead to significant
backward displacement of the globe.

Previous studies found that the orbit
is smaller in females than in males (Ji
et al. 2010, 2018; Regensburg et al.
2011). In this study, displacement of
the globe after orbital blowout fracture
also differed between sexes. Application
of the formulae revealed that with the
same amount of displacement of orbital
walls, the globe was displaced more in
females than in males. This finding was
consistent with the gender differences
found in previous studies because the
enlargement of orbital cavity caused by
fracture would interfere more with the
position of intraorbital contents in small
orbits than in big ones.

We acknowledge that our study has
some limitations. (1) Only unilateral
fracture cases were included because
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the unaffected side served as a control
to determine the original position of
the affected side. In clinical cases, if the
original position of the fracture site
could be determined by connecting the
edges of the bony defect, the formulae
would also be applicable to bilateral
fracture cases. (2) The study included
late cases of orbital fracture (CT exam-
ination at least 30 days after trauma)
because the displacement of orbital
walls and the late displacement of the
globe could therefore be measured in
the same CT scans. It does not mean
that the results are only suitable for late
cases. On the contrary, the formulae
worked out in this study are aimed to
predict the late displacement of the
globe by measuring the displacement of
orbital walls in early cases. (3) The
study subjects had no orbital disease
other than the orbital fracture and were
already adults at the time of trauma, so
their bony orbits were presumed to
have no significant change or growth
during the time interval between the
fracture and the CT examination; as all
the subjects were adults, the results of
the study are only applicable to adult
cases. (4) Children’s orbits are smaller
than adults’ orbits (Bentley et al. 2002;
Ji et al. 2015), so it can be presumed
that the same amount of displacement
of the orbital walls causes more dis-
placement of the globe in children than
in adults; this assumption should be
verified with study of orbital fractures
in paediatric patients.

Conclusions

We established a linear measuring
method to predict late displacement of
the globe in orbital blowout fractures.
Displacement of the globe was correlated
with displacements of the orbital walls.
The fracture sites were mostly posterior
to the centre of the unaffected globe. The
same extent of fracture caused more
displacement of the globe in female
patients than in male patients. The
regression formulae could be predictive
models, suitable for clinical application.
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