Eye (2017) 31, 588-592
Official journal of The Royal College of Ophthalmologists

(@)
L
=
o
>
r
(7]
L |
S
<

'Department of Optometry
and Visual Science, West
China Hospital/ West China
School of Medicine, Sichuan
University, Chengdu, China

“Division of MR Research,
Department of Radiology and
Radiological Science, Institute
for Cell Engineering, Johns
Hopkins University School of
Medicine, Baltimore, MD, USA

*Department of NeuroRepair,
Mossakowski Medical
Research Centre PAS,
Warsaw, Poland

“Department of Radiology,
West China Hospital, Sichuan
University, Chengdu, China

“Evidence-based Medicine
Center, School of Basic
Medical Sciences, Jiangxi
University of Traditional
Chinese Medicine, Nanchang,
China

®Department of
Opthalmology, West China
Hospital, Sichuan University,
Chengdu, China

Correspondence:

L Liu, Department of
Opthalmology, West China
Hospital, Sichuan University,
Guoxue Xiang #37,

Chengdu 610041, China

Tel: +(86) 2885422104,

Fax +(028) 85422104.

E-mail: b.q15651@hotmail.com

"These authors contributed
equally to this work.

Received: 5 July 2016
Accepted in revised form:
31 October 2016
Published online:

9 December 2016

www.nature. com/eye

Magnetic resonance
imaging of the
functional anatomy of
the superior oblique
muscle in patients with
primary superior
obligue overaction

Abstract

Purpose To quantitatively determine the
size and contractility of the superior oblique
(SO) muscle in primary SO overaction
(PSOOA).

Patients and methods A prospective,
observational study was conducted on 12
patients with PSOOA, and 10 healthy,
orthotropic subjects. Sets of contiguous, 2 mm
slice thickness, quasi-coronal magnetic
resonance imaging were obtained during
different gazes, giving pixel resolution of
0.391 mm. Cross-sectional areas of the SO
muscles were determined in primary position,
supraduction, and infraduction to evaluate
size and contractility. The cross-sectional
areas of SO muscle were compared with
those of controls in the primary position to
detect hypertrophy or atrophy and changes in
contractility could be detected during the
vertical gaze. All statistical calculations

were performed using PROC MIXED

(SAS 9.4).

Results There was no difference between
the ipsilesional (affected eye), contralesional
(unaffected eye), and normal SO muscle
cross-sections: 0.176 + 0.018 cm?,

0.175 + 0.005 cm?, and 0.173 + 0.015 cm?,
respectively (P = 0.82). The maximum
contractility of SO muscle on the ipsilesional
(affected) side was 0.097 + 0.024 cm?, and was
different than on the contralesional
(unaffected) side: 0.067 + 0.015 cm”> and

in control subjects: 0.063 + 0.018 cm?

(P =0.0002).
Conclusions In PSOOA, the ipsilesional SO
is more contractile than the contralesional SO
muscle and different than in controls, with no
difference in SO muscle size in primary
position, which suggests that excessive
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innervation rather than muscle hypertrophy
underlies PSOOA.
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Introduction

Superior oblique (SO) overaction is typically
diagnosed based on physical examination,
which includes an excessive amount of rotation
of the eye in infraducted adduction (inward and
down gaze), as well as measurements of
binocular misalignment. However, the clinical
examination poorly distinguishes SO overaction
from other scenarios, such as heterotopic rectus
extraocular muscles (EOM) pulleys, pulley
instability, or other orbital or structural EOM
abnormalities.! SO overaction can be divided
into primary SO overaction (PSOOA) and
secondary ones. Most patients suffer from
PSOOA, commonly associated with an ‘A’
pattern with unclear etiology, but rarely the SO
overaction is secondary to inferior oblique palsy.
SO overaction interferes with binocular vision
and quality of life. For those with a noticeable
strabismus, they may feel embarrassed to
communicate with others.?2 In addition, people
with SO overaction often look down for a
lengthy time when studying, working, or
playing games. The overaction of SO muscles
would then continuously induce abduction,
leading to instability of orthotropia and
difficulty in the development or maintenance of
binocular function. The surgical treatment
consists of SO tenectomy, tenotomy, horizontal
rectus transposition, and various other kinds,
with inconsistent postoperative outcomes,
including secondary inferior oblique overaction,
residual SO overaction, secondary SO palsy and
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so on. In addition, there is no agreement about the
pathophysiology underlying SO overaction.>* The course
of disease is generally benign, which precludes invasive
diagnostic procedures, and the inaccessibility to direct
study makes the understanding of mechanical state of the
oblique EOM’s rather complex.>® The current progress in
non-invasive imaging methods, such as magnetic
resonance imaging (MRI) permits addressing the
functional anatomy of the eye, which was exploited in the
studies of SO palsy.” The aim of this study was to
quantitatively determine the morphology and
contractility of the SO muscle in PSOOA, which could be
used to facilitate the pathogenic diagnosis.

Materials and methods
Subjects

This prospective observational study was conducted at
West China Hospital, according to a protocol approved
by the ethics committee of West China Medical School,
Sichuan University (Chengdu, China), conforming to the
tenets of the Declaration of Helsinki. Written informed
consent was obtained from all study participants. The
study consisted of 12 patients with a clinical diagnosis of
PSOOA and 10 healthy, orthotropic, and paid volunteers
recruited by advertisement. All subjects with PSOOA
underwent comprehensive ophthalmologic examinations
by an experienced pediatric ophthalmologist, including
binocular misalignment measurement by prism and cover
testing, as well as Hess screen test. Normal volunteers
also underwent complete eye examinations to verify
normal corrected vision, ocular versions, orthotropia in all
gaze positions, stereoacuity, and no one had undergone
any prior ocular surgery.

PSOOA was diagnosed when the following clinical
findings were present: an overdepression of the ipsilateral
(affected) eye in adduction and was always associated
with an “A’ pattern; ipsilateral hypotropia increasing in
infra-adduction and the difference in the vertical
deviation with head tilting was minimal. Generally, if SO
overaction is bilateral and symmetric, there will be no
hypertropia in the primary position, but an “A” pattern is
typically present. If the SO overaction is unilateral, there
may be a degree of hypertropia in the primary position.'?
Subjects were excluded if they could not cooperate for
MRI exam, or if they had a history of prior strabismus
surgery.

A total of 20 orbits were imaged in 10 normal subjects
of mean (+SD) age 18 +4 years old (range, 12-25 years).
Both orbits in three subjects with unilateral PSOOA and
nine with bilateral PSOOA, with a mean age of 21 +11
(range, 10-43) years were imaged.
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MRI

A 3.0 T (SIEMENS TRIO) scanner was used for imaging.
T1-weighted, orbital MRI was performed with a 256 x 256
matrix over an 8- or 10-cm field of view, giving pixel
resolution of 0.391 mm. Sets of 18 contiguous 2-mm-thick
images in the quasi-coronal planes were obtained
perpendicular to the long axis of the orbit to image the SO
and other EOMs (Figure 1). During imaging, subjects’
heads were oriented in the scanner such that the axis of
the scanned orbit was vertical. Subjects fixated on custom-
made, small, brightly colored crosses, affixed to the inside
of the scanner magnet with a width of 1.5 cm diameter.”
The primary position was first performed quasi-coronally,
after that, scans were repeated in supraduction and
infraduction.

Image processing

MRI image planes were transferred to the WorkStation
(syngoMMWP VE40A). From each slice, a cross-sectional
area of the SO was outlined manually three times using
the ‘freehand range of interest’ function of the
workstation tools to compute a mean value. The globe-
optic nerve junction was localized as plane zero

(Figure 1). For SO contractility, we analyzed only orbits
for which there were complete image sets in upward and
downward gaze positions. Contractile change was taken
to be the cross-section in infraduction minus that in
supraduction for each image plane.® As quasi-coronal
image planes are perpendicular to the orbit, but not to the
SO muscle, cross-sectional area and contractility were
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Figure 1 The scheme of the anatomy of SO muscle in the
context of MRI images.
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trigonometrically corrected to obtain a true cross-section
perpendicular to the long axis of the SO.

Statistical analysis

All statistical calculations were performed using PROC
MIXED (SAS 9.4, Cary, NC, USA). The type III test of
fixed effects has been used to determine statistical
significance, and the least mean square difference test was
employed for comparison between means. The level of
statistical significance has been set at P <0.05. Due to the
exploratory character of the study, it was not possible to
perform power analysis a priori. However, we have
performed a posteriori evaluation, which has shown that at
least 12 eyes per group are sufficient to detect the
statistically significant change if it exists. As the study did
not have the therapeutic arm, the pre-specification of
effect size was not applicable.

Results

Four patients had bilateral and symmetric overaction,
accompanied by an ‘A’ pattern. Five patients had a

Table 1 Characteristics of subjects with SO overaction

Subject Sex Age Lesion side Duration  Primary postiton

(years) (years) hypodeviation (A)
1 F 15 Right 3 15
2 F 39  Both 36 7
3 M 43 Right 35 15
4 M 29  Both 24 None
5 M 16  Both 11 None
6 M 12 Right 10 10
7 M 10  Both 9 5
8 F 11 Both 10 8
9 F 10  Both 9 9
10 M 33  Both 30 None
11 F 21  Both 18 7
12 F 18  Both 16 None

Abbreviations: F, female; M, male.

Down gaze

bilateral SO overaction and asymmetry, with a mean of
7A hypotropia in the primary position. In three patients,
the SO overaction was unilateral, with a mean of 13A
hypotropia in the primary position. Clinical
characteristics of the subjects with PSOOA are
summarized in Table 1.

In the primary position, the greatest SO cross-sections
occurred about midorbit, 6 mm posterior to the globe-
optic nerve junction. In down gaze, the SO cross-sectional
area increased, and the plane in which the maximum
cross-sectional area observed was more posterior. In up
gaze, the SO cross-sectional area decreased, and the plane
in which the maximum cross-sectional area observed was
more anterior (Figure 2).

SO muscle size

The maximum cross-sectional area of SO muscle on the
ipsilesional side was 0.176 +0.018 cm?, and was not
different than on the contralesional side in patients:
0.175 +0.005 cm? and in control subjects: 0.173 +0.015 cm?
(P=0.82, Figure 3).

SO muscle contractility

The maximum contractility of SO muscle in the
ipsilesional side was 0.097 +0.024 cm?, which was
different than on the contralesional side in patients:
0.067 +0.015 cm® and in control subjects: 0.063 +0.018 cm?
(P=0.0002, Figure 4).

Discussion

Demer and Miller reported that apparent EOM overaction
could be caused by many different factors, including an
increase in contractile force of EOM, which is supposed to
be responsible for many pathological conditions.” Also,
the cause of EOM overaction includes excessive
innervation, an increase in muscle’s cross-sectional area
(hypertrophy), and changes in muscle fiber types within

Figure 2 Coronal MRI images of a SO overaction right orbit repeated in up, primary, and down gaze.
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Figure 3 Mean SO cross-sectional area in central gaze for 20
normal control muscles, 21 ipsilesional, and 3 contralesional SO
muscles.

the muscle."!! We did not observe differences in the
muscle cross-section area, which indicates that muscle
hypertrophy is not the likely reason for PSOOA. On the
contrary, we found a difference in contractility between
eyes with SO overaction and control eyes. The finding
that the SO in particular was not hypertrophic in primary
position but had significantly more contractile change
is similar to the results of an early MRI study of the
contralesional inferior rectus muscle in SO palsy, which
also found increased contractility but not the change
of cross-sectional area.! This may indicate abnormal
innervation resulting in increased muscle stimulation or
changes in muscle fiber composition. The abnormal
innervation might indeed provide a potential explanation.
As the anterior half of the reflected SO tendon and belly
near the equator of the globe has the greatest intorsion
function, whereas the posterior half primarily has a
depression function,!? the excess innervation may
primarily act on the posterior half of SO, where the
contractile changes mainly occurred, which is in
accordance with the anatomy of SO. However, the
potential neurological and/or sensory mechanisms that
might be responsible for the abnormal innervation are
unknown. Alternatively, it could be attributed to the
results of pathology of vergence and gaze commands, like
the hypothesis of EOM study by Schoeff.!? The neural
commands in humans might have a role in causing larger-
than-normal changes with eye position, with the normal
EOMs. In addition, animal models have indicated that
abnormal visual experience in infancy can induce
abnormal cross-axis eye movements, and A- or V- pattern
in the absence of gross structural abnormalities of
EOMs.!3 For the change of muscle fiber composition, it is
difficult to identify because of a lack of a practical way to
obtain tissue samples of the entire muscle in humans with
strabismus.

Other theories about oblique muscle dysfunction
include rectus pulley he’cero’copy,4 and pulley instability
and ocular torsion.!* A previous study indicated that four
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Figure 4 Contractile change in SO cross-sectional area from
infraduction to supraduction for 16 normal control muscles, 18
ipsilesional, and 3 contralesional SO muscles.

subjects with ‘A’ pattern strabismus with marked SO
overation was actually due to heterotopic pulleys’
function.# But, it has also been argued that pulley
heterotopia only accounts for some patients who show
overdepression in adduction. Like the research into SO
palsy, the studies indicated that the expected atrophy

or impaired contractility of the SO muscle belly is not
present in one third to one half of presumed SO palsies.*
However, it was also demonstrated that SO atrophy,
complete absence and segmental posterior atrophy is
involved in patients with SO palsy, showing a
heterogenity of changes which occur but provide the
same muscle phenotype response, meaning there are
likely to be multiple mechanisms involved.” In the current
study, the MRI indicated that the contractility of the SO
is changed. This study is a preliminary study, with
relatively few subjects. Later studies would be
recommended to further illustrate SO and other EOMs
cross-section, contractility, and pulley locations to get a
better understanding of PSOOA. This could then open the
way to more targeted treatment.

In Conclusion, the lack of changes in the SO muscle
cross-sectional area and the significant difference in
contractile function suggest that an innervation
abnormality rather than muscle hypertrophy is
responsible for PSOOA.

Summary

What was known before
® Demer and his colleagues have reported a great work on
superior oblique (SO) palsy, but SO overaction is rarely
studied.

What this study adds
® This pilot study illustrated that primary SO overaction
(PSOOA) is an innervation abnormality rather than the
result of muscle hypertrophy using magnetic resonance
imaging, which is worth considering in the diagnosis and
treatment of PSOOA. Further studies could research rectus
muscles and pulley on the basis of the study.
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