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Abstract

Purpose To compare the distance of the medial rectus muscle insertion to the limbus (DMIL) between patients with acute
acquired comitant esotropia (AACE) associated with excessive digital device usage (EDDU) and exotropic patients.

Study design Retrospective study.

Methods The medical records of 72 eyes of 44 patients with EDDU were retrospectively analyzed. The DMIL was mea-
sured from the anterior part at the midpoint of the medial rectus muscle insertion into the anterior limbus using a caliper after
dissecting the medial rectus muscle with two control sutures at 12 o’clock and 6 o’clock. The DMIL in the non-fixation eye
was compared between 44 patients with AACE and 23 patients with exotropia.

Results The mean daily EDDU was 6.5+ 3.1 h. The mean cycloplegic refractive errors (spherical equivalent: SE) were
—3.18+2.52 diopters (D) OD and —3.03 +2.42 D OS. The mean DMIL in the 72 eyes of 44 patients with AACE associated
with EDDU was 4.30 +£0.66 mm. The difference in DMIL of non-fixation eyes between 44 AACE patients and 23 exotropic
patients was significant (4.28 £0.65 mm vs. 5.28 +0.50 mm, p <0.0001). However, the SE in 44 non-dominant eyes of
AACE was —3.08 +2.56 D, significantly stronger than — 1.22 +1.93 D in the 23 exotropic eyes (p=0.008).

Conclusion DMIL in patients with AACE associated with EDDU was significantly shorter. This anatomical anomaly may be
an etiology of AACE associated with EDDU.

Keywords Acute acquired comitant esotropia - Digital device - Medial rectus muscle - Insertion

Introduction associated with small hyperopia with or without an accom-

modative element; (3) Bielschowsky type, uncorrected

Acute acquired comitant esotropia (AACE) is a special sub-
type of esotropia characterized by acute onset in younger
children with diplopia and equal deviation in all gaze
directions. AACE is historically classified into three types
according to its clinical characteristics and etiologies: (1)
Swan type, disruption of fusion resulting from monocular
occlusion or visual loss; (2) Franceschetti type, an acutely
large angle of deviation caused by psychological stress or
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moderate myopia, mostly in adolescents and adults [1-4].

Recently, a new entity of AACE associated with exces-
sive digital device usage (EDDU), which includes the use
of smartphones, tablets, and computers for near work activi-
ties involving screen time, including internet browsing in
everyday life, has increasingly been reported [5—11]. In
most reports, EDDU is defined as usage exceeding 5 h per
day [5—7, 11]. However, from a Japanese national survey on
Internet usage among youth in 2021 by the cabinet office
of the government of Japan (https:// www8.cao.go.jp/youth/
kankyou/internet_torikumi/tyousa/r03/net-jittai/pdf-index.
html. In Japanese), the average Internet usage among youth
aged 6-18 years is 4.4 h per day. In relation to this survey,
the usage for more than 5 h per day in previous reports of
AACE associated with EDDU may not be excessive. There-
fore, there may be other risk factors for the development of
AACE in addition to EDDU.
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In 2019, Cai et al. reported that the distance from the
medial rectus muscle insertion to the limbus (DMIL) in
43 patients with AACE was significantly shorter than in
50 patients with exotropia (4.8 +0.4 mm vs. 5.4+0.4 mm,
p<0.001) [12]. Lekskul et al. also argue that the shorter
DMIL in patients with AACE, augmented the amount
of recession on Parks’ standard surgical number by 0.5-
1.0 mm; moreover, DMIL in infantile esotropia is shorter,
and this abnormal distance may be an etiology of esode-
viation [13]. In 2022, Abdelhafez et al. reported similar
findings. However, these 3 studies do not provide detailed
explanations as to how the DMIL was measured. In 1989,
Keech and et al. reported that DMIL varied during differ-
ent stages of medial rectus recessions for infantile esotropia,
with a maximum difference of 1.0 mm or more between four
different stages [14]. Therefore, standardizing the methods
to measure DMIL is crucial to avoid unintentional errors
in the results of comparative data, including those from
the three studies mentioned [12, 13, 15]. In this study, we
investigated the differences in DMIL between 72 eyes of 44
patients with AACE associated with EDDU and 25 eyes of
23 patients with exotropia, following the detailed methods
for measuring DMIL described in two previous studies [16,
17].

Fig. 1 Measurement of the distance from the medial rectus muscle
insertion to the limbus (DMIL). Measurement of DMIL were made
from the anterior part at the midpoint of the medial rectus muscle
insertion to the anterior limbus defined as the transition from a clear
cornea to gray with a caliper after dissecting the medial rectus muscle
with two control sutures at 12 o’clock and 6 o’clock (solid arrow)
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Materials and methods

Among the surgically aligned 71 cases diagnosed with
AACE between 2015 and 2023, cases of the three histori-
cal types (Swan, Franceschetti, and Bielschowsky) were
excluded after careful confirmation of a lack of history
leading to these three types. Additionally, cases showing a
tendency towards these historical types were also excluded
from this study. Patients with a history of accommodative
esotropia, strabismus surgery, neurological disorders, or
amblyopia treatment with occlusion were also excluded.
Using digital devices (DDs) >4 h per day before or at symp-
toms’ onset was defined as prolonged or excessive use of
DDs, according to previous reports [5-8, 11, 12]. Finally,
44 patients with AACE associated with the prolonged use
of DDs were retrospectively included in this study based
on the definition of acute onset identified after interviewing
about the sudden onset diplopia or esotropia.

At the initial visit, all patients underwent ophthalmic
and orthoptic examinations, and diagnostic imaging with
cranial and orbital computed tomography or magnetic reso-
nance imaging to rule out paretic strabismus or other AACE
caused by intracranial diseases. Cycloplegic refraction was
performed after administering 1% atropine sulfate eye drops
once daily for 3—5 days to eliminate accommodative effects,
and the spherical equivalent (SE) of refractive error was cal-
culated. Ocular motility was evaluated clinically using the
Hess red-green test under prism neutralization to confirm
concomitant esodeviation. Deviation was measured using
the alternate prism cover test in all nine gaze positions with
full refractive correction at distance and near. Binocular
near and distance responses were evaluated using Bagolini-
striated lenses. Near stereoacuity was assessed using the
Randot stereo test (Stereo Optical) or the Titmus Stereo Test
(Stereo Optical).

All surgery was performed under general anesthesia in
patients < 15 years old and local anesthesia for those> 15
years old by a single experienced surgeon (TY). The sur-
gical procedure details for the 44 patients were: unilateral
medial rectus recession (UMRR), 16 patients; bilateral
medial rectus recession (BMRR), 27 patients; and BMRR
with unilateral lateral rectus resection, one patient. The
UMRR procedure was performed on the non-dominant eye.
All strabismus surgery was performed with the limbal inci-
sion. DMIL measurements were made from the anterior part
at the midpoint of the medial rectus muscle insertion to the
anterior limbus, defined as the transition from the clear cor-
nea to gray, with a caliper after dissecting the medial rectus
muscle with two control sutures at 12 o’clock and 6 o’clock
by a single surgeon (TY) (Fig. 1). In a comparative analysis,
the DMIL in 25 eyes of 23 exotropic patients prospectively
undergoing unilateral lateral rectus recession and medial
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rectus resection between 2020 and 2023 was measured in
the same manner.

This study was conducted in accordance with the tenets
of the Declaration of Helsinki and approved by the Clini-
cal Research Ethics Committee of the Japan Community
Health Care Organization Chukyo Hospital (approval no.
2021030). The study protocols and data collection proce-
dures complied with all local laws, and informed consent
was obtained from all patients or their guardians after all
study details had been explained. Neither patients nor the
public were directly involved in the design, conduct, report-
ing, or dissemination plans of our research.

Statistical analyses were performed using Microsoft
Excel for Mac version 16 (Microsoft Corp.) and Stat-
Mate version 5 (ATMS). Numerical data are expressed as
mean + standard deviation (SD) and were compared using
Student’s t-test or Welch’s test. The relationships between
the DMIL and deviation angle near and at a distance were
analyzed using Pearson’s correlation coefficient. Statistical
significance was set at p <0.05.

Results

The basic patient characteristics are summarized in Table 1.
The study included 44 patients with AACE (28 men and
16 women). The mean age at the initial visit was 22.0+8.7
years. The duration from onset to the first visit ranged
from 1 month to 5 years (median 2.3 years). None of the
patients had a family history of strabismus, trauma, or eye
occlusion. The external and anterior segments were nor-
mal in all patients. Fundus examination results were nor-
mal in all patients. The mean daily DD use was 6.5+3.1 h
(range, 4-14 h). The cycloplegic refractive error (SE) was
—3.19+2.52 diopters (D) OD and —3.03+2.42 D OS. The
best-corrected logMAR visual acuity was —0.08 £0.10 OD
and —0.08 +0.09 OS. The preoperative angle of deviation
was 28.2 + 13.0 prism diopter (PD) (range, 8-55 PD) at dis-
tance and 25.3 +16.8 PD (range, 2—60 PD) at near.

During esotropic surgery (mean age at surgery: 23.1+8.7
years, ranging from 12 to 41 years), the DMIL was care-
fully measured. The mean DMIL in 72 eyes of 44 cases was
4.30+0.66 mm (4.31+0.65 mm in 28 dominant eyes and
4.28 +£0.65 mm in 44 non-dominant eyes; p =0.489), signif-
icantly shorter than the 5.28 +0.50 mm observed in 23 exo-
tropic eyes (mean age at surgery: 42.5 +22.8 years, ranging
from 10 to 77 years) (p<0.001). The cycloplegic refrac-
tive error (SE) in 44 non-dominant eyes with AACE was
—3.08 £2.56 D, significantly stronger than —1.22+1.93 D
in 23 exotropic eyes (Table 2).

The correlation coefficients between the DMIL in the 44
non-dominant eyes and the deviation angle were found to be

Table 1 Characteristics of patients with AACE associated with EDDU
included in the study
Characteristics

Mean + SD (range)
19.6+8.7 (10.4-35.5)
22.0+8.7 (10.5-38.3)

Age of onset (y)
Age at initial visit (y)

Gender (N (%)) M:28 (64), F:16 (36)

The best-corrected logMAR visual acuity

Right -0.08+0.10
(-0.18-0.15)

Left -0.08 +£0.09
(-0.18-0.15)

Cycloplegic refractive errors (SE)(D)

Right -3.19+2.52 (-8.00
- +1.75)

Left -3.03+2.42 (-8.38
- +1.50)

Deviation angles (PD)
Distant
Near

28.2+13.0 (8-55)
25.3+16.8 (2-60)
6.5+3.1 (4-14)
23.1+8.7 (12.040.8)
1.2+0.9 (0.4-3.9)
11.2+4.7 (4.5-20.0)
58.6 (20—3,000)
1.77+£0.44 (1.30-3.48)
SD: standard deviations; y: year(s); N: number; M: male; F: female;
SE: spherical equivalent; D: diopter(s); PD: prism diopter; h: hour(s),
“: arcseconds

Daily digital device usage interval (h)
Age at surgery (y)

Duration from initial visit to surgery (y)
Surgical dosage (mm)

Stereoacuity at final visit (*‘)

(log,, stereoacuity)

Table 2 Comparisons between patients with AACE associated with
EDDU and exotropia

AACE Exotropia p value
Numbers (eyes) 44 23
Age at surgery (years) 23.1+8.7 42.5+22.8 <0.0001"

(ranging (ranging

from 12 to from 10 to

41) 77)
DMIL (mm) 428+0.65 528+0.50 <0.0001"
Cycloplegic refractive -3.08+2.56  -1.22+1.93 0.008"
errors (SE)(D)

AACE: acute acquired comitant esotropia; y: year(s); DMIL: distance
from the medial rectus muscle insertion to the limbus; SE: spherical
equivalent; D: diopter(s)

*: Welch test; **: t-test

non-significant (at distance: » = -0.040, p=0.808; at near:
r=0.047, p=0.770). The correlation coefficients between
DMIL in the 44 non-dominant eyes and the age at surgery
were also not significantly different (r=-0.179, p=0.245).
At the final visit, both binocular responses at near and
distance were positive in all patients. Near stereoacuity
was measurable in all patients, with a mean stereoacuity
of 58.6 arc seconds () (ranging from 20” to 3,000”) and a
mean log;, stereoacuity of 1.77+0.44 (Table 1). The mean
DMIL in 29 patients with fine stereoacuity (<60”) was
4.38+0.64 mm, and in 15 patients with coarse stereoacuity
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(60”<, < 30007) it was 4.10+0.64 mm,; the difference was
not statistically significant (p=0.858).

Discussion

AACE has been associated with accommodative spasms,
myopia, hyperopia, intracranial diseases, or EDDU. How-
ever, the exact etiology remains unclear [18]. The average
Internet usage among youth aged 6—18 years in Japan was
4.4 h per day in 2021, according to a national survey. This
is nearly equivalent to the definition of EDDU in AACE.
However, EDDU alone cannot be completely involved in
the mechanism of the pathogenesis of this new entity [18].
In general, the principle of etiology and the natural history
of a disease are essential for recognizing multiple contrib-
uting factors across any illness spectrum [19]. Therefore,
other relevant factors in the development of AACE associ-
ated with EDDU should be investigated in detail.

Knowledge of the anatomic characteristics of the extra-
ocular muscles, including muscle insertion, is important to
understand the physiology of eye movements and clarify the
etiology of strabismus. Several investigations of the DMIL
in patients with infantile esotropia are reported [14—18]. In
1978, Helveston et al. reported that the mean DMIL was
4.4 mm (ranging from 3.0 to 6.0 mm) in 57 patients with
infantile esotropia [16]. In 1990, Keech et al. reported a
mean DMIL of 4.4 mm in 40 patients with infantile eso-
tropia, using the same measurement method [14]. In 1995,
Yoshida et al. compared the differences in DMIL between
58 eyes of 29 cases with infantile esotropia and with other
esotropia in infancy employing the same measuring method
used in this report and found a significantly shorter DMIL
0f 4.09+0.85 mm in patients with infantile esotropia com-
pared to 5.25+0.27 mm (p<0.01) in cases with partially
accommodative esotropia and 4.90 +0.89 mm (p <0.01) in
cases with other esotropia in infancy [17]. However, these
reports did not compare the DMIL between children with
infantile esotropia and non-strabismic children. In 1980,
Apt reported that the normal distance between the anterior
limbus and the anterior edge of the insertion of the medial
rectus muscle using 100 consecutive adult autopsy eyes was
5.34+0.7 mm [20], almost equal to the normal distance of
the medial rectus muscle (5.5 mm) in most textbooks and
previous articles [21-24]. Compared to these values, it is
assumed that the DMIL in patients with infantile esotropia
is significantly shorter than in normal eyes. Although the
etiology of infantile esotropia is unclear, it is assumed that
one of the main factors responsible for infantile esotropia is
the innervational imbalances between fusional convergence
and divergence mechanisms. This abnormal innervation is
strongly associated with a shorter DMIL.
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There are only a few published reports regarding shorter
DMIL in patients with AACE associated with EDDU, with
one notable report by Cai et al. [12]. Their study included
45 patients, among whom 14 reported using smartphones
or computers for more than 5 h per day before the onset
of AACE. Although the DMIL measurement method is not
explained in detail, they state that the mean DMIL in 43
patients with AACE (4.8 + 0.4 mm) was significantly shorter
than that of 50 patients with exotropia (5.4 +£ 0.4 mm). In the
present study, we also found a shorter DMIL in 44 eyes of
44 patients with AACE associated with EDDU compared to
23 eyes of 25 patients with exotropia (4.28 £0.64 mm vs.
5.28 +0.50 mm, p <0.0001). As the mean DMIL in patients
with exotropia in both studies was almost the same as in
normal eyes, it can be concluded that patients with AACE
associated with EDDU have a shorter DMIL than those with
normal eyes. Although Bielschowsky thought that exces-
sive near work produced unbalanced forces in the eyes for
convergence and divergence as a cause of AACE despite
uncorrected myopia [1], the etiology of AACE associated
with EDDU remains unclear. However, Campos speculates
that excessive near work with excessive accommodation
followed by convergence spasms is a mechanism sugges-
tive of AACE, and subsequent investigations support this
speculation [25]. The mechanism of AACE associated with
EDDU may be similar to that of Bielschowsky-type AACE,
and EDDU may trigger AACE development whenever this
mechanism is appropriate [26-28]. Ali et al. also suggest
that patients with esophoria have enhanced divergence
amplitudes to suppress manifest esotropia and that diplo-
pia and manifest esotropia could occur in cases of failure
of the divergence amplitude to overcome esophoria as an
underlying mechanism of AACE [29]. In either case, eso-
tropia may occur because of increased tonus of the medial
rectus muscles, which can be stronger in the presence of
a shorter DMIL. In addition to clinical results, Lekskul et
al. also argue anatomically that a shorter DMIL in patients
with AACE based on results of good outcomes in patients
augments the amount of recession on Parks’ standard surgi-
cal number by 0.5-1.0 mm [13], and we adopted the same
arrangement.

One of the essential aspects for comparing the results in
this study with those in previous studies is the standardized
method used to measure the DMIL. We measured the DMIL
from the anterior part at the midpoint of the medial rectus
muscle insertion to the anterior limbus with a caliper after
dissecting the medial rectus muscle with two control sutures
at 12 o’clock and 6 o’clock as recommended by Apt [20]
and Keech et al. [17]. However, some previous studies do
not provide detailed explanations for measuring the DMIL.
Using 100 consecutive adult autopsied eyes, Apt reports
that the distance between the anterior limbus, defined as the
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transition from a clear cornea to gray, and the posterior lim-
bus, defined as the transition from the gray cornea to the
white sclera, was 0.6 +£0.1 mm, and that this width of the
limbus can significantly influence comparisons of DMILs
[20]. Keech et al. [17] and Apt [20] both recommend con-
sidering the normal distance between the anterior limbus
and the anterior edge of the insertion of the medial rectus
muscle as the DMIL. Pathologists, histologists, and oph-
thalmic surgeons define the limbus differently. The surgical
limbus for ophthalmic surgeons is known as the gray zone,
which spans a width of approximately 1.2 mm between the
transparency of the cornea anteriorly and the white of the
sclera posteriorly [30]. However, the anterior extent of the
Tenon capsule and conjunctiva fuse with the episclera, and
the exact position of the posterior limbus may be difficult to
identify without a complete incision of the anterior extent
of the Tenon capsule and conjunctiva [31]. Therefore, the
anterior limbus is regarded as an easy landmark to identify.
Recently, muscle insertion distance measurements using
anterior segment optical coherence tomography (AS-OCT)
have been reported [32, 33]. In these studies, the end of the
cleft between the extraocular muscle and sclera was defined
as the insertion of the rectus muscle. However, this position
is not the anterior of insertion, which acts as the point of
action of rotational force. Exact identification of the ante-
rior edge of the medial rectus muscle insertion is crucial
in the investigation of the relationship between DMIL and
the mechanism of AACE associated with EDDU. Therefore,
the muscle insertion distance measurements using AS-OCT
should be more developed to identify the anterior edge of
the rectus muscle insertion and the transitional point from
the gray cornea to the white sclera.

Another factor that can influence the comparison of
results is the variation in DMIL observed during muscle
surgery for esotropia. Keech et al. compared DMILs dur-
ing four different stages of BMRR for infantile esotropia to
evaluate the variability of the DMIL: (1) before disinsertion
of the muscle with the eye abducted by fixation forceps at
the 12 o’clock and 6 o’clock meridian of the limbus, (2)
before disinsertion of the muscle with the eye abducted by
a muscle hook under the medial rectus muscle, (3) after
disinsertion of the muscle with the eye abducted by fixa-
tion forceps at the 12 o’ clock and 6 o’clock meridian of
the limbus, and (4) after disinsertion of the muscle with the
eye abducted by fixation forceps at the superior and inferior
poles of the muscle insertion site [17]. In measurements 1
and 2, the anterior part at the midpoint of the medial rec-
tus muscle insertion was difficult to identify because of the
presence of the muscular fascia, which is part of the fascial
sheath (capsule of Tenon) before disinsertion of the muscle.
In measurement 4, two fixation forceps at the superior and
inferior poles of the muscle insertion site created a force

to advance the insertion, which may be susceptible to mea-
surement error. The limbus and insertion in measurement
3 were less influenced by the fixation forceps or traction
sutures used to abduct the eyeball. Therefore, measurement
3 is thought to be the ideal method to measure the exact
DMIL, and we recommend measurement 3 as the standard
method for further studies.

In this study, comparisons were made between patients
with AACE associated with EDDU and patients with exo-
tropia. The SE in 44 non-dominant eyes with AACE was
—3.08+2.56 D, significantly stronger than the — 1.22 +1.93
D observed in 23 exotropic eyes (Table 2). In general, the
power of myopia and axial length are positively correlated.
Based on the stronger SE observed in the 44 non-dominant
eyes with AACE, it is presumed that the axial length in these
eyes is longer. We believe that the stronger SE in esotropic
eyes may not have an influence on the shorter DMIL.

This study had certain limitations. First, it is challenging
to measure the DMIL in normal individuals with matched
age and refraction, making it difficult to compare the DMIL
in AACE associated with EDDU with that of normal partici-
pants. In patients with acquired esotropia, such as paralytic
strabismus, the normal anatomical positions of the inser-
tion of extraocular muscles are usually present before the
onset of their disease. Therefore, their DMIL data can be
considered comparatively normal. In this study, the corre-
lation coefficients between DMIL in the 44 non-dominant
eyes and the age at surgery (ranging from 12 to 41 years)
were not significantly different. This indicates that abnormal
DMIL in AACE associated with EDDU is not influenced by
age. Therefore, we believe there is minimal risk of statisti-
cally significant differences arising from the younger mean
age at surgery for AACE associated with EDDU compared
to the control group. However, it is crucial to compare these
findings with anatomically normal individuals. We started
measuring the DMIL in all patients with paralytic esotro-
pia after initiating this study. However, matching ages and
refractions for statistical analysis is difficult, and we had a
small number of DMIL measurements in patients with par-
alytic esotropia. In future, we plan to continue measuring
the DMIL in normal participants for statistical comparisons
between AACE associated with EDDU and comparative
individuals to draw definite conclusions.
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