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Abstract

e AIM: To compare the changes in excyclotorsion after
inferior oblique (I0) recession in patients with primary and
secondary inferior oblique overaction (IO0A).

e METHODS: We retrospectively analyzed the data
obtained from patients with I0OOA who underwent graded
I0 recession. The patients were followed up for at least
3mo after surgery. Fundus photographs were taken pre-
and postoperatively, and the sum of the angles of torsion in
both eyes was used to analyze changes in excyclotorsion.
Patients were divided into two groups: those diagnosed
with primary I00A were enrolled in the 1'lOOA group, and
those diagnosed with secondary IOOA caused by superior
oblique palsy (SOP) were enrolled in the 2'100A group.
Excyclotorsion before and after surgery were compared
between the two groups.

e RESULTS: A total of 78 patients were enrolled in this
study: 34 eyes in the 1’I00A group and 44 eyes in the 2'I00A
group. In the 78 patients, torsional angle significantly
decreased from 15.31°+£7.40° to 12.11°+6.53° after 10
recession (P<0.001). Mean preoperative torsional angle
was larger in the 2’IO0OA group than in the 1’IOOA group
(P=0.03). In both groups, excyclotorsion significantly
decreased after 10 recession (P=0.001 and P<0.001,
respectively); however, there was no significant difference in
the amounts of changes in excyclotorsion between the two
groups.

e CONCLUSION: Excyclotorsion is significantly larger in
secondary I00A than in primary IOOA, and a significant
decrease in the torsional angle occurs after |0 recession in
both types of I00A.
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INTRODUCTION

nferior oblique overaction (IOOA) is characterized by
I an over-elevation in adduction on version testing, and is
classified as primary and secondary depending on the presence
of an identified causative factor' . The primary type, which
can be symmetric or asymmetric, is attributed to unknown
causes, and the secondary type is caused by paresis or paralysis
of the superior oblique muscle or the yoke superior rectus
muscle™.
Because the primary action of the inferior oblique (I0) muscle
during ocular movement is excyclotorsion, ocular torsion in
IOOA may cause symptomatic excyclotropia'*®. Therefore, 10
weakening surgeries have been used to treat excyclotropia .
Although most previous studies reported that IO weakening
surgeries are efficient in reducing torsional deviation, the
reported amounts of torsion correction after 1O surgery varied
from 1.3° to 11°7""¥ In addition, most previous studies
primarily enrolled cases of secondary IOOA related to the
superior oblique palsy (SOP)*®'*"*'%"and many of these
studies focused on comparing the excyclotorsion correction
effects among various IO-weakening surgeries'”™'”.
To the best of our knowledge, no studies have evaluated ocular
excyclotorsion in primary and secondary IOOA. Further,
no previous study has compared torsion correction effects
according to the types of IOOA after IO weakening surgery.
Therefore, in the present study, we aimed to compare ocular
excyclotorsion in patients with primary and secondary IOOA
and to investigate the changes in excyclotorsion after one
specific surgical technique: graded 1O recession.
SUBJECTS AND METHODS
Ethical Approval This retrospective study was conducted
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with approval from the Institutional Review Board (IRB No.
2018-07-013-001), and all procedures adhered to the tenets
of the Declaration of Helsinki. Because this is a retrospective
study, the study was exempt from patient consent.

We retrospectively analyzed the medical records of patients
older than 3y who were diagnosed as having unilateral [OOA
at the ophthalmologic clinic from May 2011 to August 2017
and underwent graded 1O recession. Fundus photographs were
taken pre- and postoperatively, and patients were followed-
up at least 3mo after surgery. Patients were excluded from
the study if 1) they showed bilateral IOOA, 2) had a history
of previous ocular surgery, including extraocular muscle
surgery, 3) could not undergo fundus photography due to
other concomitant ocular diseases such as corneal opacity,
or 4) showed IOOA in the contralateral eye or recurrence of
IOOA in the operated eye during the follow-up period. The
occurrence and recurrence of IOOA were considered if more
than grade +2 IOOA was observed.

Clinical Evaluation Stereoacuity was measured using the
Lang I stereotest (Lang-Stereotest AG, Kiisnacht, Switzerland)
and the Sterco Fly Stereotest (Stereo Optical Co., Chicago,
IL, USA) in cooperative patients. Using the Kowa fundus
camera (Kowa Optimed Inc, VK-2, Tokyo, Japan), non-
mydriatic fundus photographs were taken. Before imaging,
all patients were instructed to fixate on the camera’s internal
fixation marker with their head in the neutral position on the
chin rest and head support by the expert technician. Torsional
deviation, which is the angle between a horizontal line passing
through the optic disc center and a line connecting the fovea
and the optic disc center, was measured using Image J software
(Version 1.47; National Institute of Health, Bethesda, MD,
USA; Figure 1), In addition, since excyclotorsion may
appear in the opposite eye, the sum of torsional angles in both
eyes was evaluated to analyze changes in excyclotorsion in
this study. Patients with IOOA accompanied by an under-
depression of the affected eye in adducted downgaze and
unilateral positive results on Bielschowsky’s head tilt test
with the hypertropia on the affected side were classified as
secondary IOOA caused by SOP. Patients with elevation in
adduction but negative Bieschowsky’s head tilt test were
included in primary IOOA group.

Included eyes were divided into two groups: those diagnosed
with primary IOOA were enrolled in the 1’TOOA group, and
those diagnosed with secondary IOOA attributable to the
SOP were enrolled in the 2°’TOOA group. Excyclotorsion was
compared before and after surgery between the two groups.
Surgical Technique All patients underwent graded 10
recession with or without horizontal rectus (HR) muscle
surgery according to the severity of IOOA. The severity of
IOOA was graded according to the degree of overelevation
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Figure 1 The torsional angle in the fundus photograph The angle

of excyclotorsion was measured using Image J software.

of the adducted eye using a scale ranging from +1 to +4,
as described by Rosenbaum and Santiago'”. Patients with
IOOA severity of +2 or more were candidates for surgeries.
Although primary IOOA is clinically characterized by the
absence of problems such as positive head tilt, IO recession
was performed when patients with primary IOOA showed over
grade 2 severity at the primary position along with a significant
V-pattern [>15 prism diopters (PD)].

Every surgery was performed by a single surgeon using the
fornix approach. After the IO muscle was hooked with a single
hook, careful explorations posteriorly along the globe were
performed not to miss posterior fibers for complete isolation
of the muscle. After the IO muscle was disinserted with the
Stevens tenotomy scissors and secured with a double-arm
suture, exaggerated traction tests were done for confirming
that the entire IO muscle had been cut. The muscle was
reattached to the globe at the desired point. The degree of
graded IO recession was based on a modified version of the
method described by Fink”” and Parks"'": 8-mm recession
[IO muscle reattachment to the point of 3 mm posterior and
4 mm lateral to the lateral border of inferior rectus (IR)
muscle insertion], 10-mm recession (I0 muscle reattachment
to the point of 3 mm posterior and 2 mm lateral to the lateral
border of IR muscle insertion), or 14-mm recession (I0 muscle
reattachment to the point near the inferotemporal vortex vein)
was subsequently performed.

Statistical Analysis Statistical analyses were performed using
SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). The paired
t-test was used to analyze the changes in excyclotorsion after
surgery in each group. The independent -test, Chi-squared
test, and linear by linear association were used to compare
preoperative factors between the two groups. A P value of less
than 0.05 was considered statistically significant.

RESULTS

One hundred and one eyes of 101 patients with unilateral
IOOA who could undergo fundus photography were included
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Figure 2 Changes in excyclotorsion after 1O recession The torsional angle significantly decreased after surgery. A: Preoperative fundus

photograph; B: Postoperative fundus photograph.

Table 1 Baseline characteristics of 78 patients

Clinical factors I’IOOA group 2’I00A group P
Patients () 34 44
Gender (male:female) 12:22 22:22 0.194*
Age at surgery (y) 8.09+3.14 9.48+8.62 0.374°
Mean follow up period (mo) 58.03+£24.14 46.39+27.37 0.054°
Preoperative stereoacuity
Lang I test, passed (n) 30/33 34/42 0.226"
Stereo Fly Stereotest, < 100 arcsec (1) 26/33 26/37 0.416"
Mean preoperative torsional angle (°) 13.254+6.74 16.91+7.57 0.030°
IOOA grade (n) 0.055°
+2 20 19
+3 14 20
+4 0 5
Surgical techniques (7) <0.001"
10 only 4 22
With HR surgery 30 22
Mean period of fundus photo taken after surgery (mo) 3.79+£2.74 3.86+2.06 0.899"
Mean postoperative torsional angle (°) 10.84+6.36 13.10+£6.56 0.121°

IOOA: Inferior oblique overaction; 1’TOOA: Primary inferior oblique overaction; 2’ IOOA: Secondary inferior oblique overaction; Arcsec:

Seconds of arc; IO: Inferior oblique; HR: Horizontal retus muscle. “Chi square test; "Independent t-test; “Linear by linear association.

in this study. However, 4 eyes showed recurrence of IOOA
over grade +2 and 19 eyes showed IOOA over grade +2 in
the contralateral eye during the follow-up period. None of the
patients showed under-correction of elevation in adduction.
Therefore, after excluding these 23 eyes, data for 78 eyes of 78
patients were analyzed retrospectively.

Baseline characteristics of the 78 patients are summarized in
Table 1. Thirty-four patients who were diagnosed with primary
IOOA were enrolled in the 1’TOOA group and 44 patients
diagnosed with secondary IOOA were enrolled in the 2’ IOOA
group. In the 2°’IOOA group, two patients had acquired SOP
and the rest had congenital SOP. There were no significant
intergroup differences in gender, age at surgery, mean interval
between surgery and fundus photography, mean follow-up
period, preoperative stereoacuity, and IOOA grade. Thirty-
three patients in the 1’TOOA group and 42 in the 2’IO0A

were able to cooperate and complete the Lang I test. And,
33 patients in 1’ IOOA group and 37 in 2’IOOA were able to
cooperate and complete the Stereo Fly stereotest. Comparing
the number of cases involving combination of HR muscle
surgery between the two groups, we found that the number
of patients who underwent 1O surgery only was significantly
lower in the 1’IOOA group than in the 2’ IOOA group
(P<0.001, Chi-squared test). The mean preoperative torsional
angle was significantly larger in the 2’TOOA group than that in
the I’TOOA group (P=0.03, independent #-test).

Figure 2 shows the decrease in torsional angle after 10
recession. In all 78 patients, the mean preoperative torsional
angle was 15.31°£7.40° (range, 0 to 37°), and it significantly
decreased to 12.11°+6.53° (range, 0 to 30°; P<0.001, paired
t-test). Mean amounts of torsion correction after 10 surgery
were 3.20°+4.11°. The changes in excyclotorsion in the

1283



Excyclotorsion after inferior oblique recession

I’IOOA and 2°’TOOA groups are illustrated in Figure 3. In
the 1’TOOA group, the torsional angle significantly decreased
from 13.25°+6.74° to 10.84°+£6.36° (P=0.001, paired ¢-test),
while in the 2’IOOA group, it decreased from 16.91°+7.57°
to 13.10°+6.56° (P<0.001, paired ¢-test). Figure 4 presents
the corrected amounts of excyclotorsion in the two groups.
The decrease in excyclotorsion in the 2’TOOA group,
3.81°+4.15°, was numerically larger than that in the 1’TOOA
group, 2.41°4£3.98°; however, the intergroup difference was
not statistically significant (P=0.137, independent #-test).
The mean postoperative torsional angle was numerically
larger in the 2’ IOOA group, however there was no statistically
significant difference (P=0.121, independent #-test).
DISCUSSION

The presence of cyclotorsion is one of the clues for the
diagnosis of inferior or superior oblique strabismus™ .
However, there are relatively fewer studies on ocular torsion,
mainly because patients with anomalies of the cyclovertical
muscle function rarely complain of image tilting due to
compensatory mechanisms through sensory adaptations
such as cyclofusion, suppression, and anomalous retinal

524 Nevertheless, measurement of the torsional

correspondence
angle in patients with SOP or IOOA may be an important
factor in diagnosing and identifying patients’ symptoms.

After Ruttum and von Noorden™ first reported that the
normal torsional angle was 7.25° by using fundus photography
in 1983, the authors of several studies have evaluated the
relationships between IOOA and excyclotorsion and the torsion
correction after 10 weakening surgery””'"""*). Arici and Oguz"®
reported that ocular torsion decreases after superior oblique tuck
and variable 1O weakening in SOP. Additionally, excyclotorsional
correction was observed in IOOA after IO anteriorization
combined with recession!""’. However, that study had a
limitation in that the number of enrolled cases was small.

To the best our knowledge, no studies have reported a
comparison of the torsional angle between primary and
secondary IOOA. Therefore, the most important aim of
this study is to evaluate the differences in excyclotorsion
between the two types of IOOA after a single IO weakening
procedure: graded 10 recession. In addition, we also enrolled
more patients compared to the previous studies™'"™"?, so
that statistical significance in the correction effect of the 10
recession procedure was confirmed through this study.

The mean preoperative torsional angle in 78 patients with
IOOA was 15.31°+7.40°. Previous studies reported torsional
angles from 7.2° to 17.5°®!M1418226 "However, a simple
comparison of the preoperative torsional angle with the other
existing results seems difficult, because the methods of torsion
measurements and patients of inclusion criteria are different

from those in other studies. The sum of torsional angles in
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Figure 3 Changes in excyclotorsion in the 1’IOOA and 2’I00A
groups In each group, mean torsional angle significantly decreased

after surgery.
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Figure 4 Comparison of the corrected amounts of excyclotorsion
between the 1’IOOA and 2°’IOOA groups The degree of angle
correction was larger in the 2’IOOA group, but the intergroup

difference was not statistically significant.

both eyes was evaluated to analyze changes in excyclotorsion,
and patients with both types of IOOA were all included in this
study.

The rate of 10O recession only without HR muscle surgery
was significantly lower in the 1’IOOA group than that in
the 2’IOOA group. Thus, there is a tendency not to perform
10 recession only for the primary IOOA and the surgery for
primary IOOA is performed more commonly when horizontal
strabismus is also present. Conversely, even if there is no
horizontal strabismus, the signs caused by SOP such as head
tilt toward the non-paralyzed side and hypertropia of the
paralytic eye in primary position seem to noticeable, the 10
recession for treating the secondary IOOA is performed more
often.

In addition, the preoperative ocular excyclotorsion was
significantly larger in the 2’ IOOA group. This is thought to
be because in the 2’ IOOA group, the effect of the decrease

in ocular incyclotorsion caused additional SOP muscle, thus
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increasing the excyclotorsion to levels greater than those
in the torsional angle in the 1’ IOOA group, which showed
excyclotorsion solely caused by overacting the IO muscle
expression.

There was no significant difference in the amounts of changes
in excyclotorsion between the two groups. This result shows
that the effect on torsion correction in IO recession does
not differ depending on the presence of SOP. Only graded
IO recession was performed in both groups and as a result,
the amounts of changes in excyclotorsion were not different
between the two groups.

There were some limitations to this study. There was a report
about the relationship between torsional angle and the grade
of IOOA"”. Because there is a report that the degree of IOOA
affects the severity of excyclotorsion, subgroup analysis
according to the grade of IOOA is required to improve the
accuracy of our research. Unfortunately, we could not perform
the subgroup analysis due to the small number of patients
enrolled, which is the limitation of this study. However, there
was no significant difference in the average grade of IOOA of
enrolled patients between two groups (P=0.055 in Table 1), it
does not seem that this confounding factor had influenced our
results.

Moreover, depending on whether the SOP is congenital or
acquired, the amounts of torsional angle and effects on the
torsional correction of 10 weakening surgery can be different.
However, evaluation of the torsion correction effect of 10
recession according to the type of SOP has not been conducted
in this study. Further studies to analyze data by subdividing
types of SOP with more cases would be meaningful.
Anatomically, actions of HR muscle from the primary
position were only abduction and adduction™*”. However,
Khanna et al”” reported that pathologic torsion decreased
after HR muscle surgery in patients with infantile esotropias
because their pathologic torsion could be the consequence of
abnormal horizontal deviation and impairing binocular visual

227 Of course, Khanna’s study was only based on

function
patients with infantile esotropia who have poor binocularity
which is different from the patients in this study, from this
point of view, a significant difference between both groups
regarding HR surgery could have biased our results and this
point is a limitation of the study. Therefore, a further study that
controlled the number of HR surgery between two groups are
required for reasonable comparison.

In conclusion, the mean preoperative torsional angle was
significantly larger in secondary IOOA than in primary
IOOA, and a significant decrease in torsional angle occurred
in both types of IOOA after 10 recession. The degree of
angle correction was numerically larger in secondary IOOA

compared with primary IOOA, but the intergroup difference

was not statistically significant.
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