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Analysis of Orbital Morphology and its
Relationship With Eyelid Morphology

Takeo Osaki, MD,� Hidetaka Murakami, MD,y Ryosuke Tamura, MD,� Tadashi Nomura, MD, PhD,�

Kazunobu Hashikawa, MD, PhD,� and Hiroto Terashi, MD, PhD�

Abstract: Correct anatomical reconstruction of the orbital wall for
function and cosmesis is important; however, this is difficult
because of the structure’s complexity. The authors aimed to analyze
and classify orbital morphology from computed tomography (CT)
images and examine the relationship between orbital morphology
and eyelid morphology in the Japanese population. CT images of
60 men (right side, 29; left side, 31) and 44 women (each side, 22)
were included. The lengths of the orbital medial wall and floor in
the coronal plane at the anterior, middle, and posterior planes of the
orbit; angle between them; simotic index; and the thickness of upper
eyelid were measured. Additionally, the presence or absence of
double eyelids was evaluated. Non-paired Student’s t test and
Pearson correlation coefficient test were used for analysis. Orbital
morphology was symmetrical on both sides, and men had a larger
orbit than women. Orbital morphology was classified into 2 groups
according to the posterior angle, and there was a difference between
the groups in the simotic index. The difference between groups may
represent a genetic difference between the Jomon and Yayoi people
and not only provide a new classification for the orbit of the
population but also be useful in orbital reconstruction.

Key Words: Blowout fracture, double eyelids, orbit, orbital

morphology
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I n orbital blowout fractures and tumor resection around the orbit, it
is often necessary to reconstruct the orbital wall using autogenous

bone, a titanium mesh, or absorbable sheet.1–3 However, it is

difficult to reconstruct the orbital wall extensively from the medial
wall to the orbital floor and retain its original shape because of its
complicated anatomical structure. The structure of the orbital wall
is complex because the lengths of the medial wall and orbital floor
and the angle formed by them differ between the front and the rear.
Analyzing and standardizing or classifying these angles and lengths
is considered to have extremely high clinical significance. Addi-
tionally, if orbital morphology is classified, it can be associated with
facial features. The presence or absence of double eyelid formation
is an important factor in the appearance of the eyelid in the Japanese
population. If the orbital morphology can be inferred from the
characteristics of the double eyelid, it is considered clinically
significant. This study aimed to analyze and classify the orbital
morphology from computed tomography (CT) images, and to
examine the relationship between orbital morphology and eyelid
morphology in the Japanese population.

MATERIALS AND METHODS

Ethical Approval
This study was conducted in accordance with the Declaration of

Helsinki. Due to the retrospective, non-interventional nature of the
study, tacit consent was applied, and participants were able to opt-out
of the study via our website. The study protocol was reviewed and
approved by an ethics committee (authorization number B190160).

Study Subjects
From April 2016 to June 2019, facial CT was performed, and

patients for whom we were able to obtain multiplanar reconstruc-
tion images from the remaining image data were targeted. Patients
with damaged or missing orbital bones on both sides and those
judged not to be Japanese were excluded.

Measurements and Imaging
The lengths of the orbital medial wall and floor in the coronal plane

at the anterior, middle, and posterior planes of the orbit and the angle
between them were measured. The coronal plane was set as the plane
perpendicular to the palatal plane; the anterior plane was the coronal
plane that passes through the posterior lacrimal crest; the middle plane
passed through the outermost inferior orbital fissure; and the posterior
plane passed through the posterior ethmoidal foramen (Fig. 1).

The height of the nasal bone was evaluated using the simotic
index, which is used as an index to evaluate facial flatness.4,5 The
simotic index is usually measured at the narrowest part of the nasal
bone, but to ensure accuracy of the measurement on CT images, it
was measured at the attachment point of the perpendicular plate of
the ethmoid bone in this study (Fig. 2). CT images were measured
using a 3-dimensional (3D) CT image processing workstation
(ziostation2; Ziosoft, Tokyo, Japan).

The thickness of the upper eyelid was also measured from CT
images. According to the method measured by Shimbo et al,6 the
thickness of the upper eyelid was measured at the midpoint of the
upper orbital margin and the lid margin at the center of the eyeball
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with the eyes closed in a sagittal cross-sectional image (Fig. 3).
Several cases that had only a CT image at the time of eyelid opening
were excluded from the measurement.

For those whose facial photographs were taken, the presence or
absence of double eyelids was evaluated. At that time, those whowere
undergoing surgery for double eyelid formation were excluded.

Statistical Analysis
Since all these parameters showed a normal distribution or were

regarded as having a normal distribution, comparisons were performed
using the non-paired Student’s t test. Correlations were analyzed using
Pearson correlation coefficient test. The Microsoft Excel package
(Microsoft, Redmond, WA) was used to perform the statistical anal-
yses. A P value< 0.05 was considered statistically significant.

RESULTS

Demographics
Computed tomography images of 60 men (right side, 29; left

side, 31) and 44 women (both sides, 22) were included in the study.
There was no significant difference in age between men and women
(Supplementary Digital Content, Table 1, http://links.lww.com/
SCS/B461).

Differences in Laterality and Sex
In both sexes, the length and angle of the orbital medial wall and

floor were similar to each other in the anterior, middle, and posterior
planes (Supplementary Digital Content, Table 2, http://links.lww.
com/SCS/B461).

The orbital floor length in the anterior and middle planes
(23.81� 2.11 versus 22.01� 1.81 and 20.58� 1.96 versus
19.32� 1.82 mm, respectively, P< 0.01) and medial wall length

in the posterior plane (11.18� 2.17 versus 10.1� 1.55 mm,
P< 0.01) were significantly larger in men than in women. The
simotic index was also higher for men than for women (0.67� 0.14
versus 0.54� 0.12, P< 0.01) and the thickness of upper eyelid
tended to be greater in men than in women, but this difference was
not significant (3.75� 0.79 versus 3.44� 0.79, P¼ 0.06). The
angles were not different between sexes in any plane (Supplemen-
tary Digital Content, Table 3, http://links.lww.com/SCS/B461).

Correlation Between Angle and Length
In both sexes, a negative correlation was observed between the

angle and orbital medial wall and floor-length in the anterior plane
(ie, the larger the angle, the shorter the length). In the middle plane,
there was a negative correlation between the angle and orbital
medial wall length in men, and between the angle and orbital floor-
length in women. In the posterior plane, there was a negative
correlation between the angle and orbital floor-length in women
(Supplementary Digital Content, Table 4, http://links.lww.com/
SCS/B461).

Classification and Comparison of Orbital
Morphologies

On average, the angle between the orbital medial wall and floor
increased backwards in both sexes. However, from the middle plane
to the posterior plane, the angle was classified into 2 groups: type A,
reduced angle, and type B, increased angle (Fig. 4). There were 28
cases of type A and 32 cases of type B in men, and 9 cases of type A
and 35 cases of type B in women.

There was no difference in the length of the orbital medial wall
and floor between the type A and type B group. Compared to the
angle in type A, that in type B was significantly larger in the
posterior plane, but this was a natural result because the groups were
divided according to the angle. The simotic index was significantly
higher in type A than in type B for both sexes (0.72� 0.15 versus
0.62� 0.11, P< 0.01 and 0.63� 0.18 versus 0.52� 0.09,
P¼ 0.015). The average thickness of upper eyelid was larger in
type B than in type A for both sexes, and this difference was

FIGURE 3. Thickness of upper eyelid.

FIGURE 1. Measured point (definition of the coronal planes).

FIGURE 2. Simotic Index ¼ B/A. A: the simotic chord (the minimum horizontal
breadth of the nasal bone) B: simotic subtense (the minimum distance from the
midian ridge of the nasal bone to the simotic chord).
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significant in women (2.85� 0.65 versus 3.57� 0.77, P¼ 0.018)
(Supplementary Digital Content, Table 5, http://links.lww.com/
SCS/B461).

Correlation Between the Classification of
Orbital Morphology and Presence of
Double Eyelids

We were able to evaluate the faces of 19 men in the type A group
and 18 men in the type B group. In type A, 74% (14 people) had
double eyelids, and in type B, 56% (10 people) had double eyelids.
We were able to evaluate the faces of 5 women in the type A group
and 21 women in the type B group. In type A, 60% (3 people) had
double eyelids, and in type B, 43% (9 people) had double eyelids. In
both sexes, the type A group had a higher percentage of individuals
with double eyelids than the type B group, but no significant
difference was observed (Fig. 5).

Correlation Between the Thickness of Upper
Eyelid and Presence of Double Eyelids

For both men and women, the average thickness of upper eyelid
was larger for people who did not have double eyelids, and this
difference was significant in men (3.34� 0.62 versus 4.00� 0.54,
P< 0.01) (Supplementary Digital Content, Table 6, http://
links.lww.com/SCS/B461).

DISCUSSION
Reconstruction of the orbital wall using a 3D model is considered
the best way to reconstruct the complex orbital morphology, and
there are many reports of using such a method.7–12 However, the
creation of 3D models has some disadvantages; for example, it
requires specific equipment and cannot be used for emergency
surgery because of the time required to create the model. If 3D
models are not available, knowing the general morphology of the

orbit will be of great assistance in reconstructive surgery. This study
started with that perspective in mind.

There have been several reports on the analysis of normal orbital
morphology using CT images.13–18 Nagasao et al found that
inclination of the orbital floor was steeper in children than in adults
and steeper in men than in women; additionally, the lowest point of
the orbital floor shifted lower and more posteriorly with age.13

Hasan reported that the left and right orbits are symmetrical and that
the orbital size is smaller in women than in men.16 Similarly,
Fitzhugh et al reported that the orbit is generally not different in
laterality between sexes but that in men it is larger.18 Our study also
showed that the left and right sides are symmetrical between sexes
and that men have larger orbits than women do.

An attempt to create a template by standardizing the shape of the
orbit using statistical shape analysis has also been reported.19

Although it is useful because the orbital morphology can be
reconstructed with a certain degree of accuracy without creating
a 3D model, it is difficult to obtain good results if the orbital
morphology varies greatly from individual to individual. In our
study, there were groups in which the angle between the orbital
medial wall and floor was reduced (type A) or increased (type B)
from the middle plane to the posterior plane. This finding suggests
that orbital morphology is diverse and difficult to standardize.
Interestingly, the type A group had a significantly higher simotic
index than the type B group, and there was a tendency for many
people to have double eyelids.

According to anthropological studies, Japanese individuals are
genetically divided into Jomon people, the first migrants from
southeast Asia, and Yayoi people from Northeast Asia.20–23 Jomon
people have features of wide eyes and visible superior palpebral
creases (double eyelid), whereas Yayoi people have narrow eyes for
cold tolerance and no visible superior palpebral crease (no double
eyelids).24 Additionally, Jomon people have a 3D face,25,26 and
there are reports that the simotic index is larger in Jomon people
than in Yayoi people.27 Therefore, the different orbital morphology
(type A and type B) in our study may represent the difference
between Jomon people and Yayoi people. Moreover, in Eastern
Eurasia, anatomically modern humans are divided into 2 layers by
craniometrics. Jomon people belong to the first layer and are likely
to have migrated into this region via the Southeast Asian landmass
prior to 65–50 kya, Yayoi people belong to the second layer and
had likely dispersed from areas in Northeast Asia such as Siberia
after 9 kya.28 The differences that we have found in this study may
be due to these layer differences that are observed in East and
Southeast Asia.

In this study, the relationship between orbital morphology and
double eyelids could not be directly shown. However, people with
type B orbital morphology tended to have thicker eyelids than
people with type A. On the other hand, people without double
eyelids tended to have thicker eyelids than those with double
eyelids. Eyelid thickness is an important factor for Asians, and
thinness and pliability are considered vital for double eyelids.29–31

The above results are thought to indirectly indicate the mechanism
between orbital morphology and double eyelids.

There are limitations to this research study. First, since the
number of people who had photographs of their eyelid morphology
was limited, the number of people who underwent evaluation of
their eyelids was small. Second, the formation of the eyelid changes
because aging causes eyelid sagging. From that viewpoint, the
comparison of the presence or absence of double eyelids requires
adjustment by age, but this was not done in this study.

In future studies, the validity of the classification of the orbital
morphology obtained in this study and the results related to the
eyelid morphology may be supported by further increasing the
number of cases. Studies may also consider whether orbitalFIGURE 5. Classification of orbital morphology.

FIGURE 4. Classification of orbital morphology.
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morphology classification is related to fracture prone sites (medial
wall or floor etc.) in orbital fractures.

CONCLUSIONS
We found that orbital morphology was symmetrical on both sides in
both sexes and that men had a larger orbital shape than women. We
also found that there were groups in which the angle between the
orbital medial wall and floor was reduced or increased from the
middle plane to the posterior plane. In addition to the complexity
and diversity of the orbital morphology shown, these differences
may represent genetic differences between Jomon people and Yayoi
people. We believe that this finding will not only provide a new
classification for the orbit of the Japanese population but also be
clinically useful in orbital reconstruction.
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