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Diagnostic analysis of vertical orbital dystopia and
canthal tilt for surgical correction
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Abstract (J Korean Assoc Oral Maxillofac Surg 2020;46:379-384)

Objectives: We sought to identify a clinically useful method of analyzing orbital dystopia to aid in diagnosis and treatment planning and to quantify
vertical discrepancies in eye level and variations in canthal tilt in Koreans.

Patients and Methods: In 76 Korean patients with a mean age of 23.12 years, mean differences in the level of the pupils, lateral canthi, medial
canthi, and canthal tilt were measured. The difference in pupil level was calculated from the perpendicular lines drawn from the midpupil area of each
eye to the midline of the face to determine the amount of skeletal discrepancy of the eye. Soft tissue discrepancies were determined according to the
vertical difference between the lines drawn from the lateral or medial canthus of each eye perpendicular to the midline of the face. The canthal tilt was
determined from the inclination of a line connecting the lateral and medial canthi, then classified as class I, II, or I1I.

Results: Mean differences in pupil level, medial canthi, and lateral canthi were 1.57+1.10 mm, 1.14+1.07 mm, and 2.03+1.64 mm, respectively. The
mean degree of canthal tilt were 8.45°+3.53° for the right side and 8.42°+3.81° for the left side. No study participants presented with class III canthal
tilt. The mean canthal tilt values for those with class I tilt were 3.21°£1.68° for the right side and 3.18°+1.63° for the left side, while, for those who had
class II tilt, the values were 9.60°+3.66° for the right side and 9.54°+£2.99° for the left side.

Conclusion: The presented diagnostic method of orbital dystopia can be used to effectively establish a treatment plan that takes into consideration the

patient’s skeletal and soft-tissue discrepancies.
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I. Introduction

Facial asymmetry is a trait that almost everyone has to
some degree. It is generally assessed using horizontal and
vertical reference lines'. In some patients, the median sagit-
tal or mid-pupillary line is utilized as a reference line. When

analyzing the midface and lower face, vertical reference lines
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are typically used”®. There are many published studies on
the management of asymmetry in the lower two-thirds of the
face. However, available research on the diagnosis, includ-
ing appropriate classification schemes for the condition, and
treatment planning of asymmetry in relation to the horizontal
reference line in the upper one-third of the face is limited.
Orbital dystopia, a common feature found in patients with
facial asymmetry, refers to a degree of unevenness of the or-
bit that causes malposition of the orbital cavity in at least one
of the three-dimensional planes’. The diagnosis and manage-
ment of horizontal orbital dystopia, more generally known as

8-15 How-

hypertelorism, has been discussed in many studies
ever, there is a lack of published literature concerning vertical
orbital dystopia, which is defined as a condition in which the
whole orbits are not both positioned at the same horizontal
level”. Tt is frequently present in patients with pathological
conditions such as craniofaciocervical scoliosis complex,

craniosynostosis, facial clefting syndromes, or a history of
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trauma or tumors”’

. Vertical orbital dystopia can also be
present in the absence of pathology, but it is usually so mild
in this case that affected patients are often unaware of the dis-
crepancy. This subtle degree of vertical difference is probably
even more common than the orbits sharing the same horizon-
tal plane, yet there are patients who tend to be more aware of
even slight discrepancies. Another characteristic contributing
to the asymmetry of the upper one-third of the face is the de-
gree of canthal tilt or palpebral fissure inclination. Therefore,
an evaluation of the differences in canthal tilt is critical and
should be used as a supplementary diagnostic method in the
management of orbital dystopia.

Few reports on the management of vertical orbital dystopia
exist and a standardized method of analysis has not been es-
tablished yet. Also, since vertical discrepancy in the level of
the eyes is also reportedly common in otherwise normal pa-
tient populations, defining the normal range of discrepancy is
clinically significant. Therefore, the present study sought to (i)
suggest a new method of diagnosing vertical orbital dystopia
using photographic analysis and (ii) quantify vertical discrep-

ancies in the eye levels and variations in canthal tilt.

Il. Patients and Methods

1. Patients

The study was exempted from review by the Institutional

Review Board of Seoul National University Dental Hospital
(IRB No. ERI20016), and the informed consent was waived.

Seventy-six patients (45 male and 31 female patients) who
presented to the Department of Oral and Maxillofacial Sur-
gery at Seoul National University Dental Hospital from Janu-
ary 2013 to August 2017 with the chief complaint of facial
asymmetry were analyzed in this study. The age of the study
participants ranged from 13 to 38 years old, with a mean age
of 23.12+5.23 years old (female, 22.65+5.61 years old; male,
23.4444.99 years old). Patients with craniofaciocervical sco-
liosis complex, craniofacial anomalies, a history of trauma
to the eyes, tumor, or craniomaxillofacial surgery were ex-
cluded.

2. Anthropometric measurements and photographic
analysis

Because the orbital structures are quite small and eye
movements, such as blinking, are uncontrollable, taking mea-
surements directly from patients is considered less accurate.
Therefore, indirect measurements using standardized photo-
graphs were collected to investigate the differences between
the levels of orbits, medial and lateral canthi, and canthal tilt.
The frontal view photographs were taken (D90; Nikon, To-
kyo, Japan) from a distance of 1.5 m with study participants
in the natural head position, as previously described”. The
study participants were instructed to gaze forward so that the

“
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Fig. 1. Analysis of skeletal vertical discrepancy using the differ-
ences in the levels of orbits. A horizontal line (white line) from
midpupil perpendicular to the midline of the face (black line) was
drawn, and the differences between the horizontal lines from each
side of the eyes were calculated.
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Fig. 2. Analysis of soft tissue discrepancy using the differences in
the levels of medial canthi. A horizontal line (white line) from medial
canthus perpendicular to the midline of the face (black line) was
drawn, and the differences between the horizontal lines from each
side of the eyes were calculated.
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porion and the inferior orbital rim were on the same horizon-
tal plane’.

For evaluating the vertical discrepancies between the eyes,
the levels of orbits, medial canthi, and lateral canthi were
measured. First, the levels of orbits were analyzed by draw-
ing a horizontal line from the midpupil area perpendicular
to the midline of the face (nasion to midpoint interpupillary
line)'” and calculating the differences between the horizontal
lines drawn from each side of the eyes.(Fig. 1) Then, the lev-
els of medial canthi were compared by drawing a horizontal
line from the medial canthus of each eye perpendicular to the
midline of the face and calculating the differences between
the horizontal lines drawn from each side of the eyes.(Fig.
2) Finally, the levels of lateral canthi were analyzed using

Fig. 3. Analysis of soft tissue discrepancy using the differences in
the levels of lateral canthi. A horizontal line (white line) from lateral
canthus perpendicular to the midline of the face (black line) was
drawn, and the differences between the horizontal lines from each
side of the eyes were calculated.
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Fig. 4. Measurement of canthal tilt using an angle formed by a line
connecting the medial canthus and lateral canthus (red line) and a
perpendicular line (white line) connecting the medial canthus and
the midline of the face (black line).
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the same method as above, except that a horizontal line was
drawn from the lateral canthus perpendicular to the midline
of the face.(Fig. 3)

For the assessment of asymmetry in eyes using canthal tilt,
an angle formed by a line connecting the medial canthus and
the lateral canthus and a perpendicular line connecting the
medial canthus and the midline of the face were measured.
(Fig. 4) Then, the criteria for classifying the various canthal
tilts were applied. When the canthal tilt was between 0° and
5°, the participant was considered to have class I canthal tilt;
those with canthal tilt of more than 5° were categorized as
having class II canthal tilt; and those with canthal tilt under 0°
were categorized as having class III tilt.(Fig. 5)

The calculations and statistical analyses were performed
using the IBM SPSS Statistics for Windows (ver. 23; IBM,
Armonk, NY, USA) and P-values of less than 0.05 were re-
garded as statistically significant.

Ill. Results

The mean values of the vertical discrepancies are listed in

A CNQ=C7g

Class Il
(Canthal tilt >5°)

Class |
(Canthal tilt >0° and <5°)
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Fig. 5. Classification of canthal tilt. Criteria for classifying the vari-
ous canthal tilts was applied. Class |, canthal tilt between 0° and
5% Class I, canthal tilt over 5°; Class lll, canthal tilt less than 0°.
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Class lll
(Canthal tilt <0°)

Table 1. Mean values of vertical discrepancies

Sex Pupil' Medial Lateral
(mm) canthus (mm) canthus (mm)
Female (n=31) 1.40+0.78 1.10+0.84 2.09+1.69
Male (n=45) 1.68+1.27 1.17£1.22 1.99£1.63
Total (n=76) 1.57£1.10 1.14+1.07 2.03+1.64

'"There was a statistically significant difference between both sexes
(P<0.05).

Values are presented as mean+standard deviation.
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Table 1. The mean differences in the levels of the pupils, me-
dial canthi, and lateral canthi were 1.57+1.10 mm, 1.14£1.07
mm, and 2.034+1.64 mm, respectively. The differences were
not statistically significant between the sexes, except for the
levels of the pupils (independent-samples t-test, P<0.05).

The mean values of the degrees of canthal tilt were
8.45°+3.53° for the right side and 8.42°+3.81° for the left
side, with female study participants showing slightly more
positive degrees of canthal tilt.(Table 2) The values did
not differ significantly between the two sides nor the sexes
(paired-samples t-test and independent-samples t-test,
P>0.05).

Among the study participants, there was no case of class III
canthal tilt. The mean canthal tilt values for class I study par-
ticipants were 3.21°+1.68° for the right side and 3.18°+1.63°
for the left side, while, for those in the class II group, the
values were 9.60°+3.66° for the right side and 9.54°+2.99°
for the left side.(Table 3) Generally, female participants had
higher canthal tilt values than male ones in both classes, but
not to a statistically significant degree (independent-samples
t-test, P>0.05). Also, there were no statistically significant
differences between the two sides in both classes (paired-
samples t-test, P>0.05).

IV. Discussion

The normal craniofacial skeleton has been reported to show
variable ranges of asymmetry'®. Slight differences in the
levels of the eyes can make facial asymmetry appear more
obvious since a vertical orbital discrepancy is known to be
more noticeable than the same amount of horizontal displace-
ment’. This may motivate some overly cognizant patients to
seek consultations for the correction of even minor degrees
of asymmetry. However, most normal patients without patho-
logical conditions do not require surgery. The surgical indica-
tions for vertical orbital dystopia include displacements of the
orbits of more than 4 mm, strong motivation of the patient,
the presence of severe visual symptoms, and obvious facial
deformity due to orbital dystopia’.

Table 2. Mean values of canthal tilt

Sex Right (°) Left (°)
Female (n=31) 8.86+3.32 8.89+4.10
Male (n=45) 8.17+3.70 8.10+£3.57
Total (n=76) 8.45+3.53 8.42+3.81

Most oral and maxillofacial surgeons do not seem to focus
much on the evaluation and management of asymmetry in the
upper one-third of the face. Because orbital dystopia tends to
make existing facial asymmetry more strongly apparent and
severe, effective diagnosis and treatment of orbital dystopia
are necessary. Thus, adopting a proper method of analysis is
crucial in the management of orbital dystopia.

The treatment of orbital dystopia has ranged from camou-
flaging procedures for minor deformities to vertical translo-
cation of orbits for severe deformities'’. Minor corrections
using camouflage procedures can be achieved by raising
the eyebrow or eyelid with ptosis to provide the illusion of
elevating the orbit, moving the nasion toward the affected
side, medial or lateral canthopexy, or grafting of bone or al-
loplastic material to raise the collapsed orbit’. Osteotomies of
the entire bony orbit, such as rectangular orbital osteotomies,
may be required for translocation of the orbits'’. These surgi-
cal methods are more technically challenging than procedures
designed to correct horizontal discrepancies. In 1967, Tessier
first successfully corrected vertical dystopia via a transcranial
approach’™'. Usually, an intracranial approach is used when
the orbit must be raised, while an extracranial approach is
necessary when the orbit needs to be moved downward.

Surgical correction of vertical orbital dystopia can lead to
some serious complications, such as death due to cerebral
edema'”. Other reported complications include temporary
loss of vision, diplopia, percutaneous drainage of a frontal
aerocele, frontal branch nerve palsy, and trismus'’. Therefore,
thorough diagnosis of all vertical discrepancies is necessary
to avoid any unnecessary surgical procedures and complica-
tions and surgeons must be qualified to recommend the ap-
propriate treatment for their patients. In the past, diagnosis
and treatment planning to discern the amount of vertical or-
bital movement required were conducted by measuring lines
drawn directly on the face. However, for less obvious cases

of vertical asymmetry, a standardized method of analyzing

Table 3. Mean values of canthal tilt according to the canthal tilt
classification

Right (°) Left (°)
Class I Female (n=4) 3.71£1.80 3.67+1.73
Male (n=10) 3.01x1.63 2.98+1.59
Total (n=14) 3.21+1.68 3.18+1.63
Class 11 Female (n=27) 9.92+3.53 9.87+3.31
Male (n=35) 9.34+3.75 9.29+2.88
Total (n=62) 9.60+3.66 9.54+2.99

Values are presented as mean+standard deviation.
Ju-Young Lee et al: Diagnostic analysis of vertical orbital dystopia and canthal tilt for
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the orbital discrepancies is necessary. Also, indirect analysis
through photographs is more accurate in making a correct di-
agnosis and driving effective treatment planning. Therefore,
we have quantified vertical asymmetry of the eyes and rec-
ommended applicable criteria for these asymmetries.

Among the 76 patients who presented to our hospital with
the chief complaint of facial asymmetry, the mean differences
in the levels of pupils, medial canthi, and lateral canthi were
all less than 4 mm, which is the criteria for a surgical indica-
tion of vertical orbital dystopia. Therefore, we could use this
new analysis method to evaluate the discrepancy and plan
how much surgical correction is required for patients with
vertical discrepancies of more than 4 mm. Also, we can refer
to the mean values of vertical differences for postoperative
evaluation of relapse and if the measurements fall under these
normal ranges.

Vertical movements of the orbits may not be sufficient to
achieve a symmetrical appearance of the eyes; instead, palpe-
bral fissure inclination, or the degree of canthal tilt, may also
need to be corrected. Also, in patients who do not require sur-
gical correction of vertical orbital dystopia, minor procedures,
such as medial or lateral canthopexy, can be carried out to ac-
complish vertical symmetries of the eyes through modifying
the degree of canthal tilt. First, we classified canthal tilt into
three classes. Patients with class I present a canthal tilt be-
tween 0° and 5°; those with class II show canthal tilt of more
than 5°; and those with class III have a canthal tilt of less than
0°, with the lateral canthus being more inferior than the me-
dial canthus. According to Rhee et al.”, an attractive Korean
face has a canthal tilt of 8.87°, which falls into the class II
category. On the other hand, class III canthal tilt can make a
person look old and tired and is common in the elderly popu-
lation. Few studies on the asymmetry of palpebral fissure to
date have been performed in the past and have only analyzed
the Caucasian population®. Therefore, evaluations of the
palpebral fissure asymmetry for data-gathering purposes is
necessary in the Asian population. In a study by Song et al.”,
asymmetry of the palpebral fissure was evaluated in Korean
patients and the criterion for asymmetry in canthal tilt was a
difference of 2° between the right and the left sides. Accord-
ing to this criterion, the asymmetry of canthal tilt was not
significant in our study since the variation between the right
and the left eyes was less than 2° in all cases. Also, due to the
age of our study participants, most had class II canthal tilt,
with values of 9.60°+3.66° for the right eye and 9.54°+2.99°
for the left eye, suggesting the presence of attractive canthal

New analysis of orbital dystopia

tilt as reported in a previous study®’.

However, the mean values measured in our study may not
be accurately representative of the young Korean population
due to the relatively small number of patients included in our
study. Therefore, investigations with larger sample sizes are

required in the future to produce more reliable results.

V. Conclusion

Evaluation of the asymmetry of the eyes in relation to the
horizontal reference line should be the first step in the assess-
ment of a patient’s face; then, the vertical reference lines are
used in the evaluation. However, no studies on the classifica-
tion or reporting standardized analysis method for the diag-
nosis of asymmetry in the upper one-third of the face exist, to
our knowledge. Therefore, we presented in this study a new
method of analysis that can be used to evaluate asymmetry
between the eyes. The new diagnostic method of orbital dys-
topia and mean values of vertical discrepancies and canthal
tilt in Koreans can be used to effectively establish a treatment
plan that takes into consideration the patient’s skeletal and
soft-tissue discrepancies. The correction of orbital dystopia
is a fundamental procedure that needs to be carried out to
achieve overall facial harmony. The details of the surgical
procedures will be discussed in a future report.
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