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The Correlation between Hypertropia and Head Tilt in
Congenital Unilateral Superior Oblique Muscle Palsy
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Purpose: To evaluate the correlation between the angle of deviation in different gazes and the amount of head tilt in patients with congenital
unilateral superior oblique muscle palsy (SOP).

Methods: This case series study was performed on 20 consecutive SOP patients with head tilt. Based on the Bielschowsky three-step test, the
angle of deviation was measured in different gazes. Furthermore, the hypertropia difference between the two lateral gazes (gaze difference)
and the two head tilt sides (bilateral head tilt difference) was calculated. For measuring head tilt, close-up pictures from 40 cm with a habitual
abnormal head position were captured and analyzed by the Corel Draw X7 software.

Results: The mean age of patients was 13 + 9 years (range, 2.5-31 years). The mean angle of hypertropia in ipsilateral and contralateral
head tilt was 24.5 A + 7.1 A and 6.5 A + 4.2 A, respectively (P < 0.001), and in ipsilateral and contralateral lateral gaze positions, it was
82A+55Aand22.5A+6.1A, respectively (P < 0.001). The mean of bilateral head tilt hypertropia difference was 18 A+ 5.3 A and gaze
hypertropia difference was 14.3 A+ 6.16 A. There was a positive correlation between bilateral head tilt hypertropia difference and the amount
of head tilt (R = 0.609, R*=0.371, P = 0.004, the amount of head tilt = 0.39 x [Bilateral head tilt hypertropia difference] +1.77). The amount
of head tilt also had a positive correlation with the gaze hypertropia difference (R = 0.492, R*> = 0.242, P = 0.028, the amount of head
tilt = 0.27 x [gaze hypertropia difference] +4.81).

Conclusion: In SOP patients, the amount of head tilt had a positive correlation with bilateral head tilt hypertropia difference and also gaze
hypertropia difference.
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in acquired superior oblique palsy, the most common symptoms
are image tilting, asthenopia, and diplopia.’!

INTRODUCTION

Superior oblique palsy is the most common type of cranial nerve
palsy,' and it is diagnosed based on the presence of hypertropia
in the primary position, which usually increases with adduction
in the affected eye.** Previous studies have shown that superior

Abnormal head posture is defined as any deviation of head and
face from normal position in x, y, and z axes,!" which is a sign
and a manifestation of an underlying disease. The etiology

oblique palsy is the most frequent ocular cause of abnormal
head posture.®® Patients with the congenital sources of superior
oblique muscle palsy (SOP) are often asymptomatic; however,
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of abnormal head posture may be congenital or acquired and
can occur at any age, depending on the cause of the disease.?
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The most common sources of abnormal head posture are
orthopedic, neurological, and ocular causes.'*!* Patients with
superior oblique palsy habitually tilt and turn their heads to
the contralateral side of the muscle palsy and by eliminating
diplopia, abnormal head posture may establish a normal bifoveal
fusion.'¢

Previous studies reported that the most common form of the
abnormal head posture in superior oblique palsy patients is
pure head tilt to the contralateral side of the eye with muscle
palsy.®!” The severity of head tilt in these patients manifests
itself in various degrees. In some patients who have the
potential for binocular single vision, they may adjust the
amount of head tilt to control the deviation by fusional
vergences easily.' However, the exact cause of the different
amount of head tilt in patients with superior oblique palsy
has remained unclear.

The main purpose of this study is to evaluate the correlation
between the angle of deviation in different gazes and the
amount of head tilt in patients with congenital unilateral
superior oblique palsy.

MEeTHODS

This study was conducted in Farabi Eye Hospital, Tehran,
Iran, from February 2020 to July 2020. The study was
performed in accordance with the tenets of the Declaration
of Helsinki and was approved by the Ethics Committee
of Shahid Beheshti University of Medical Sciences
(IR.SBMU.RETECH.REC.1399.228). The aim of the study
was explained to the patients and their parents, and then,
informed consents were obtained.

This case series study was performed on 20 consecutive
patients with congenital unilateral superior oblique palsy.
The inclusion criteria were confirmed by the presence of
head tilt due to congenital unilateral superior oblique palsy.
The exclusion criteria were the presence of other causes of
abnormal head posture, which may manifest as head tilt such
as nystagmus. In addition, patients who did not have good
cooperation for measuring the angle of deviation in different
gazes and patients with plagiocephalic syndromes, craniofacial
anomalies, and other skeletal and muscular abnormalities and
prior history of surgery or trauma to the neck, eye, head, or
shoulder area were excluded from the study.

First, demographic information such as the age of patients, sex,
and duration of strabismus was collected by a questionnaire.
Then, uncorrected and best corrected distance visual acuity
were measured. The amount of refractive error was determined
by Topcon RM-8900 auto refractometer (Topcon Medical
Systems, Tokyo, Japan), and the results were confirmed using
Heine Beta 200 retinoscope (Herrsching, Germany). Also,
fundoscopy examinations were performed for all patients.

Eye movements, overaction, and underaction of extraocular
muscles were tested by version and duction tests. Inferior
oblique muscle overaction was defined as over-elevation of the
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eye in adduction upgaze, and it was recorded from +1 to +4
by version test, as previously described."

Horizontal and vertical deviations in different gaze positions
were measured by alternate prism-cover test. The angle of
deviation was neutralized by holding appropriate prisms
in front of the paretic eye with full correction of refractive
errors.?’ By unmasked expert examiners, based on the
maneuver of Bielschowsky three-step,?! angles of deviation
were measured in six different gaze positions as follows;
1 — far (6 m) in primary position, 2 — near (40 cm) in primary
position, 3 — lateral gaze toward the contralateral side of the
eye with muscle palsy, 4 — lateral gaze toward the ipsilateral
side, 5 — head tilt to the contralateral side, and 6 — head tilt to
the ipsilateral side. The hypertropia difference between the
contralateral and ipsilateral head tilt positions was measured
and defined as “bilateral head tilt difference”. In addition,
“gaze difference” was defined as the difference in the angle
of hypertropia between ipsilateral and contralateral lateral
gaze positions.”>** All measurements were first obtained by
an optometrist and then confirmed by an expert pediatric
ophthalmologist and strabismus surgeon (MR. A.).

A diagnosis of superior oblique palsy was made based on
the Parks—Bielschowsky three-step test, with hypertropia in
the primary gaze that increased in ipsilateral head tilt and
on contralateral gaze.*> Other clinical conditions that may
have a positive Bielschowsky three-step test or conditions
mimicking unilateral superior oblique palsy were considered
and excluded from this study.?* A congenital etiology for
superior oblique palsy was confirmed based on the patient’s
childhood photographs, absence of diplopia, presence of facial
asymmetry, and long-term history of strabismus.?

The head tilt form of the abnormal head posture in patients
with unilateral superior oblique palsy was determined based
on direct observation during measuring best corrected distance
visual acuity from different angles. Besides, close-up pictures
from 40 cm with habitual abnormal head posture were captured
from all patients. For evaluation of the severity of abnormal
head posture and measurement of head tilt, these pictures were
analyzed by the Corel Draw X7 software (version 17.0.0.491 for
Windows, USA).* As shown in Figure 1, the angle between the
line that connects the center of the eyebrows to the center of the
lip and the vertical line is measured as the angle of the head tilt.

SPSS 24 (IBM Corp, Armonk, New York, USA) software
was used for data analysis. Normal data distribution was
tested by Shapiro—Wilk, and according to normal distribution
of the data, a two-independent sample ¢-test was applied
to determine statistically significant differences in some
variables such as the mean of hypertropia between different
gazes. The Wilcoxon test was performed to compare the
parameters between the eye with superior oblique palsy and
another eye. Spearman correlation was applied to investigate
the relationship between the amount of the head tilt and the
angle of hypertropia in different gazes. Linear regression was
applied to determine possible associations between the amount
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of head tilt and bilateral head tilt hypertropia difference or RESULTS

gaze hypertropia difference. Graphs were drawn using the This case series study was performed on 20 patients with

Microsoft Excel 2019 (Office 365; Microsoft Corporation,  qnoenital unilateral superior oblique palsy [Table 1] with
Redmond, WA) software. P < 0.05 was considered statistically  the mean age of 13 + 9 years (range, 2.5-31 year), of which

significant. 5 (25%) were female and 15 (75%) were male. Superior oblique

Table 1: Summary of patients with unilateral congenital unilateral superior oblique muscle palsy

n Age Sex Tilt side Head tilt (°)  100A Primary position (A)
Far Near
Hypertropia Exo-deviation Hypertropia Exo-deviation
1 11 Female Left 9.4 +2 3 0 5 0
2 18 Male Left 8 +2 20 18 16 14
3 31 Female Left 33 +2 18 10 18 14
4 30 Male Right 8.5 +2-43 25 4 20 4
5 5 Male Right 2 +2 10 10 10 12
6 2.5 Male Right 17.5 +2-43 18 6 18 0
7 8 Male Right 112 +2-43 30 0 33 0
8 27 Male Left 10.9 +2 9 4 9 4
9 12 Female Right 7.1 +2 18 0 14 0
10 2.5 Female Right 11.6 +3 22 0 20 0
11 28 Male Left 6.6 +3 20 4 18 4
12 14 Male Right 7.4 +2 12 0 14 8
13 13 Male Left 6.2 +2 14 16 10 18
14 29 Male Left 9.8 +2-43 23 0 17 0
15 12 Female Left 8.5 +2 12 5 9 6
16 19 Male Left 9 +2 27 10 25 0
17 5 Male Right 6.4 +3 4 0 9 0
18 Male Right 8.1 +3 8 6 8 12
19 11 Male Left 9.5 +2-43 22 14 17 16
20 4 Male Left 14.2 +2-43 22 5 15 10
n Lateral gaze (A) Head tilt (A)
Ipsilateral Contralateral Ipsilateral Contralateral
Hypertropia  Exo-deviation  Hypertropia  Exo-deviation  Hypertropia  Exo-deviation  Hypertropia  Exo-deviation
1 1 0 20 0 16 0 0 0
2 8 8 25 16 25 14 10 14
3 14 6 20 10 20 8 10 10
4 20 0 25 0 25 0 5 0
5 8 6 12 6 14 8 4 8
6 6 0 22 8 30 0 8 7
7 20 0 37 0 40 0 12 0
8 5 0 17 0 24 0 6 0
9 6 0 16 0 22 0 3 0
10 13 0 27 0 30 0 12 0
11 5 0 30 0 30 0 14 0
12 7 0 20 0 20 0 4 0
13 6 14 15 16 22 18 8 16
14 7 0 23 0 25 0 6 0
15 4 0 17 0 16 0 5 0
16 16 8 28 10 35 8 12 12
17 8 0 18 0 16 0 0 0
18 2 0 22 10 18 6 2 0
19 5 10 30 10 33 10 2 5
20 4 0 27 0 30 0 8 0

n: Number of patients, [OOA: Inferior oblique muscle overaction
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a R 2] b L
Figure 1: A patient with congenital right superior oblique palsy. (a): The head
in the straight position by force, indicating right hypertropia (b) Habitual
left head tilt (10.9°) due to right superior oblique palsy. The angle between
the vertical line and the line that connects the center of the eyebrows to
the center of the lip is calculated as the angle of the head tilt

Bilateral head tilt difference (4)

0 2 a 6 8 10 12 14 16 18 20
Amount of head tilt (degree)

Figure 2: The correlation between the amount of the head tilt and the
bilateral head tilt difference. The hypertropia difference between the
contralateral and ipsilateral head tilt positions was measured and defined
as “Bilateral head tilt difference”

25

Gaze difference (8)
=
w

0 2 a 6 8 10 12 14 16 18 20
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Figure 3: The correlation between the amount of head tilt and gaze
difference. “Gaze difference” was defined as the hypertropia difference
between ipsilateral and contralateral side gaze positions

palsy was observed in the right eye of 11 (55%) patients, and
in the left eye of 9 (45%) cases.
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The means of uncorrected distance visual acuity in the cases
that cooperated with visual acuity measurement in the paretic
and nonparetic eyes were 0.071 (range, 0-0.9 logMAR) and
0.043 (range, 0-0.5 logMAR), respectively (P = 0.317), and
best corrected distance visual acuity were 0.015 and 0.08,
respectively (range, 0-0.1 logMAR in both eyes) (P =0.317).
There were not any pathological findings in the fundoscopic
examinations other than fundus extorsion. The mean of
spherical equivalent in the eye with superior oblique palsy and
another eye was +0.01 £ 1.28 diopter (D) and +0.21 £ 0.55 D,
respectively (P = 0.414). All patients had ipsilateral inferior
oblique muscle overaction with the mean of +2.3 + 0.3
(range, +2 to + 3).

The mean angle of hypertropia and exo-deviation in patients
with congenital unilateral superior oblique palsy in the different
gazes are shown in Table 2. The mean angle of hypertropia in
ipsilateral head tilt was 24.5 A = 7.1 A (range, 14 A to 40 A),
and in the contralateral head tilt was 6.5 A +£ 4.2 A (range, 0
Ato 14 A), (P <.001).

The mean amount of bilateral head tilt difference was 18 A +
5.3 A (range, 10 A to 31 A). Furthermore, the hypertropia gaze
difference was 14.3 A+ 6.16 A (range, 4 A to 25 A).

In the present study, the mean amount of head tilt was
8.7° + 3.4° (range, 2.0° to 17.5°). As shown in Figure 2,
there was a positive correlation between the amount of
head tilt and the bilateral head tilt hypertropia difference
(R=0.609, R?=0.371, P=0.004). The equation of the amount
of head tilt was determined as follows: the amount of head
tilt = 0.39 x (bilateral head tilt hypertropia difference) + 1.77.

Figure 3 illustrates that the amount of head tilt also
had a positive correlation with the gaze difference
(R=0.492, R?=0.242, P=0.028). The equation of the amount
of the head tilt was determined as follows: the amount of the
head tilt = 0.27 x (hypertropia difference) + 4.81.

Discussion

In this case series study, we found a weak positive correlation
between the amount of head tilt and the angle of hypertropia
difference between the two tilt sides. Furthermore, the
amount of head tilt had a weak positive correlation with the
angle of hypertropia difference between two lateral gazes.
Indeed, in patients with higher bilateral head tilt difference
or higher gaze difference, head tilt was manifested with a
higher degree.

This study was conducted in patients with congenital unilateral
superior oblique palsy, whose abnormal head posture was
manifested as pure head tilt. In one study by Turan et al., they
reported that abnormal head posture in 8§7% of patients with
superior oblique palsy manifested as head tilt.® In another study
by Nucci et al., from 12 patients with abnormal head posture
due to superior oblique palsy, 10 (83%) patients had head tilt."”
Therefore, according to the results of previous studies, the most
common form of the abnormal head posture in patients with
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Table 2: The mean angle of hypertropia and exo-deviation in patients with congenital unilateral superior oblique muscle

palsy in different gazes

Deviation Gaze Mean=SD (A) Minimum (A) Maximum (A) P
Hypertropia Primary position
Far 16.8+7.5 3 30 0.043*
Near 15.2+6.6 33
Lateral gaze
Contralateral 22.546.1 12 37 <0.001*
Ipsilateral 8.245.5 1 20
Head tilt
Contralateral 6.5+4.2 0 14 <0.001*
Ipsilateral 24.5+7.1 14 40
Exo-deviation Primary position
Far 5.7+5.8 0 18 0.503F
Near 6.146.3 0 18
Lateral gaze
Contralateral 4.3+5.8 0 16 0.027%
Ipsilateral 2.6+4.4 0 14
Head tilt
Contralateral 3.6+5.5 0 16 1.000
Ipsilateral 3.6£5.6 0 18

SD: Standard deviation, * Independent Samples Test, + Mann-Whitney U

superior oblique palsy is the head tilt to the contralateral side
of palsy without a head turn or chin down.

In this study, the mean angle of deviation in the primary position
in both far and near was 16.8 A and 15.2 A, respectively,
which was the same as previous studies.?*?’ Furthermore, the
mean amount of hypertropia in bilateral head tilt difference
was 18 A, which was the same as Lee ef al.’s study.”

The most common sign in patients with congenital unilateral
superior oblique palsy is abnormal head posture, which is due
to the induced hypertropia and excyclotorsion effect.? In the
present study, the mean amount of head tilt was 8.7°, which
was the same as Bagheri and Eshaghi® (8.4°) and Greenberg
and Pollard* (9.3°) studies and lower than Kekunnaya and
Isenberg?® (17°) findings. Head tilt in patients with superior
oblique palsy plays a role as a compensatory mechanism by
holding their eyes away from the field of action of the paretic
muscle. Therefore, this compensatory mechanism leads to
regaining bifoveal fusion.!’ Based on the results of this study,
different severities of head tilt in patients with SOP were
observed. Although the exact cause of different severity of head
tilt in these patients is unknown, some researchers reported
that a higher amount of head tilt would help some patients to
control their deviation more easily by fusional vergences.’
Thus, the amount of head tilt in patients with superior oblique
palsy manifests itself in various degrees.

To the best of the authors’ knowledge, the present study, for
the first time, finds a positive correlation between the amount
of head tilt and the bilateral head tilt hypertropia difference.

In patients with a higher amount of bilateral head tilt hypertropia
difference, the amount of head tilt as a compensatory mechanism
tends to increase in order to regain bifoveal fusion because, in

comparison to patients with a lower amount of bilateral head
tilt hypertropia difference, the angle of deviation in the field of
action of the paretic muscle is much higher than other gazes.
In contrast, in patients with a lower amount of bilateral head
tilt hypertropia difference, bifoveal fusion is achieved easily
with a lower amount of head tilt because the angle of deviation
in the field of action of the paretic muscle is not much higher
than other gazes. Therefore, this could be the main reason for
finding a positive correlation between the amount of head tilt
and the bilateral head tilt hypertropia difference.

The correlation between the amount of head tilt and the
bilateral head tilt hypertropia difference was stronger than the
correlation between the amount of head tilt and the hypertropia
difference between two lateral gazes. This finding would be
explained with the primary action of the superior oblique
muscle, which is intorsion.

This study had some limitations. First, the diagnosis of
superior oblique palsy was based on clinical examinations
without confirming by neuroimaging. Second, this study was
performed on superior oblique palsy patients whose abnormal
head posture was only manifested as head tilt. Third, the sample
size of superior oblique palsy patients was small, and finally,
the present study was carried out only on congenital superior
oblique palsy cases for uniformity within the study sample.
So further studies, including acquired and congenital superior
oblique palsy patients with all forms of abnormal head posture,
might be needed for better proving the correlation between the
angle of deviation in different gazes and the amount of various
forms of the abnormal head posture.

In summary, in superior oblique palsy patients, the amount of
head tilt had a weak positive correlation with the bilateral head
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tilt hypertropia difference and gaze hypertropia difference.
This finding indicated that in patients with a higher angle of
hypertropia difference between two tilt sides or two lateral gazes,
the severity of head tilt was manifested with a higher degree.
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