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Purpose: Acute acquired concomitant esotropia induced by excessive digital device usage, especially smartphones (SAACE), has
been increasing over the past few years. Convergence spasm induced by excessive near work has been suggested as a mechanism.
Anatomical differences could also potentially contribute to SAACE onset. The present study investigated the conformation of
horizontal recti between SAACE patients and normal subjects.

Patients and Methods: In 15 SAACE patients (SAACE group), the distances between the limbus and insertion of the horizontal
recti (LI distance) and the widths of horizontal recti on the insertion (insertion width) were measured. The control group consisted of
30 patients who underwent retinal detachment surgery. Differences in LI distances and insertion widths were compared between
SAACE and control groups.

Results: While there were no differences between the two groups for LI distances and insertion widths of lateral recti, there were
significantly shorter LI distances for the medial recti in the SAACE group (P<0.05). Moreover, the SAACE group tended to exhibit
larger insertion widths of the medial recti. Medial/lateral ratio of LI distances were significantly lower and insertion widths were
significantly higher in the SAACE compared to the control group (P<0.05).

Conclusion: Based on the observations of more anterior insertion and larger muscle widths, this suggests there are stronger forces of
medial recti in SAACE. In addition to excessive accommodation followed by increases in medial recti tonus, the results also suggest
that an anatomical imbalance between lateral and medial recti contributes to esotropia onset following excessive near work.
Keywords: acute acquired concomitant esotropia, digital devices, extraocular muscles, insertion distance, insertion width

Introduction

Acute acquired concomitant esotropia (AACE) is known as an acute onset of esotropia characterized by an equal angle of
deviation in all fields of gaze.'*> Many etiologies have been considered to cause AACE. Several studies have suggested
an association between intracranial disorders and AACE.>* Excessive accommodation is also one of the suggested
etiologies.” Increases in AACE have been reported,® of which a large proportion were due to excessive usage of digital
devices” ? including smartphones, tablets and computers. This special type of AACE,'®'* which is called smartphone-
associated AACE (SAACE) herein, is thought to be induced by convergence spasm that follows excessive near work,
with refraining from excessive near work suggested to be effective in helping to decrease the degree of esodeviation.'”

1,15 1,16 5,17

Several factors, such as uncorrected myopia, >~ accommodative spasm  °~ and intracranial diseases,” ' are considered to

play important roles in SAACE. Few studies have evaluated the possible association with the anatomical peculiarities of
the horizontal recti. During patient surgery, enlargement of the medial rectus in some of our SAACE patients was
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observed.'® In the present study, we measured the conformation of the horizontal recti and evaluated the possible
association with the onset of SAACE.

Materials and Methods

Among the patients who had not been previously diagnosed with any type of strabismus or amblyopia, and exhibited
onset of esotropia shortly after exceeding 4 hours of digital device usage every day, 15 patients who underwent
surgery were enrolled as the SAACE group. None of these patients had any history of ocular diseases, ocular
surgery, or systemic diseases, including diabetes and neurologic diseases. There were no abnormal ocular move-
ments among the included patients. All enrolled patients underwent brain and orbital computed tomography or
magnetic resonance imaging in order to exclude intracranial and extraocular muscle abnormalities. After obtaining
informed consent, all patients underwent baseline examinations, which included angles of esotropia, refraction errors
and axial length. For the control group, we enrolled 30 patients who underwent buckling surgeries for retinal
detachment. Patients in the control group also underwent baseline examinations similar to that for the SAACE
group. None of the patients in the control group had strabismus or systemic diseases, which included diabetes and
neurologic diseases.

After the isolation of the medial and lateral recti (MR and LR) during the surgery, the distances from the limbus to the
middle of the muscle insertion (the distance between the limbus and insertion, LI distance) and the muscle width at its
insertion point (insertion width) were measured with a caliper prior to the disinsertion. All procedures followed the tenets
of the Declaration of Helsinki. Approval was granted by the Institutional Human Experimentation Committee of the
Saitama Medical Center, Dokkyo Medical University (Approval number: 21098).

LI distances and insertion widths of the MR and LR were compared between the SAACE and control groups. The
medial/lateral (ML) ratio of the LI distance and that of insertion widths were also calculated. The LI distances/axial
length ratios were also calculated as the LI distances divided by the axial length. Furthermore, the MRw/in was defined
as the values of the insertion width divided by the LI distances, with this calculation used to evaluate the strength of the
MR. We also calculated the LRw/in, which was used for the LR. All of these values were compared between the two
groups using a t-test, with the significance set at a P-value of 0.05. All statistical analyses were performed with
IBM“SPSS Statistics 28.

Results

Table 1 presents the characteristics of the enrolled patients. Although patients in the SAACE group were younger than
those in the control group (P=0.0003), there were no differences found between the two groups for the refraction errors
and axial length. As compared to the control group, the LI distances of the MR were shorter (P=0.0161)) and there was

Table | Characteristics of Enrolled Patients

SAACE Control P
No. I5 30
Age (years) 23.8£13.9 43.6x17.0 0.0003
Refraction errors (D) | —4.50+4.15 | —4.10+3.27 n.s.
Axial length (mm) 25.00+2.82 | 25.59+1.78 n.s.
LR
LI distance (mm) 6.81+0.64 6.84+1.35 n.s.
Insertion width (mm) 5.84%1.19 6.22+1.05 n.s.
MR
LI distance (mm) 4.87+0.78 5.55+0.89 0.0l6l
Insertion width (mm) 7.24+1.48 6.63%1.48 n.s.
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Figure | Comparison between the SAACE and control groups: the ML ratios. Significantly lower ML ratios for the LI distance and significantly higher insertion widths were
observed for the SAACE group (analyzed with t-test) (*¥P=0.0068, *P=0.0412). Box-and-whisker plots denote the minimum, the 25th percentile, the median, the 75th
percentile and the maximum values. “X” denotes the mean values.
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Figure 2 Comparison between the SAACE and control groups: the LI distance/axial length ratios. Lower LI distance/axial length ratios were observed for the MR, while
there was no difference between the two groups for the LR (analyzed with t-test) (*P=0.0164). Box-and-whisker plots denote the minimum, the 25th percentile, the median,
the 75th percentile and the maximum values. “X” denotes the mean values.

a tendency for larger insertion widths in the SAACE group. However, there were no differences observed between the
two groups for the LI distances and insertion widths of the LR.

As compared to the control group, there was a lower ML ratio for the LI distance (P=0.0068) and a higher ML ratio
for insertion width (P=0.0412) in the SAACE group (Figure 1). Even though there was no difference in the LR between
the two groups, the LI distances/axial length ratios of the MR were lower in the SAACE group (P=0.0164) (Figure 2).
Furthermore, although the observed LRw/in did not differ between the two groups, the MRw/in was higher in the
SAACE group (P=0.0046) (Figure 3).
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Figure 3 Comparison between the SAACE and control groups for the values of the insertion width divided by the LI distances (MRw/in and LRw/in). While there was
a higher MRw/in in the SAACE group, there was no difference between the two groups for the LRw/in (analyzed with t-test) (**P=0.0046). Box-and-whisker plots denote the
minimum, the 25th percentile, the median, the 75th percentile and the maximum values. “X” denotes the mean values.

Discussion

The results of this study showed that there was a shorter LI distance and a larger insertion width for the MR. In addition,
the larger MRw/in, insertion width divided by LI distance, indicated stronger MR in SAACE compared to the control.
However, there was no difference in measurements of LR. These results suggest that a stronger MR is one of the possible
factors that can induce SAACE.

Three major types of AACE have been defined:' (1) Swan type, which is esotropia due to the disruption of fusion
following monocular occlusion or vision loss in young children; (2) Burian-Franceschetti, which is esotropia associated
with physical or psychological stress in young patients; and (3) Bielschowsky type, which is esotropia in young
uncorrected myopia with excessive near work. Excessive near work with excessive accommodation followed by
convergence spasm has been suggested to be the mechanism of this esotropia.'” Since the convergence spasm in this
condition cannot be relaxed during distance fixation, there is development of esotropia with diplopia. The imbalance
between the convergence and divergence forces also leads to the development of increases in the tonus of the medial
rectus, which leads to esotropia. Patients enrolled in our current study exhibited the onset of SAACE after several hours
of digital device usage. Only 1 out of the 15 patients had emmetropia. The other 14 patients had myopia, with 8 of these
patients exhibiting high myopia over —6.0 D. The characteristics found in our patients indicated that there was equal
deviation at the near and distance fixation, myopia and adolescent onset after excessive near work, which are similar to
that for Bielschowsky esotropia.

Over the last few decades, the usage of handheld devices, which includes smartphones and tablets, has increased,
especially during lockdowns due to the COVID-19 pandemic. Binocular disabilities have also been reported after
excessive usage of handheld devices.”**' When using a smartphone, working distances are shorter than that found for
typical near working distances,> with these distances becoming even shorter when there is over 60 minutes of usage.”
Furthermore, some subjects will view text on their smartphones using a smaller font size.”? The smaller visual font size
and the shorter visual distances can lead to increases in the demands on the accommodation and convergence, which can
cause the spasm of the near reflex. Changes in the tonus of accommodation and binocular vergence have been reported to
occur after near work,>* especially after hours of working with these digital devices.>**> In addition, it has also been
suggested that spasm of the near reflex with dynamic activations of the MR could be one of the causes in patients who
present with AACE.?
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Measuring the characteristics of extraocular muscles is valuable when investigating anomalies in ocular alignment. It
has been reported that there were no differences in the LI distances of the MR between esotropia and normal controls, or
in exotropia.””** However, Cai et al reported finding shorter LI distances for the MR in AACE patients with different
causes as compared to exotropia.”’ In addition, hypertrophic MR was also observed during surgery in some of our
SAACE patients.'® In our present study, we first measured the characteristics of the horizontal extraocular muscles in
AACE induced by excess usage of digital devices, ie, SAACE. The results demonstrated that there were shorter LI
distances and larger insertion widths for the MR in SAACE as compared to the normal control. However, there were no
differences noted for the LR measurements. These results suggest the possibility that SAACE could be also induced by
the anatomical characteristics observed in the MR. As compared to the normal controls, there was a lower ML ratio of
the LI distance and a higher ML ratio of the insertion width in the SAACE group. Furthermore, there was a higher MRw/
in in the SAACE group, while there was no difference noted in the LRw/in between the two groups. These measurements
suggest that the imbalance between the MR and LR could also possibly contribute to the onset of SAACE.

Myopia is one risk factor of Bielschowsky type AACE and SAACE. A few studies revealed abnormal fusional
amplitude in AACE patients with myopia.***' However, it was reported that uncorrected myopia does not occur with
AACE® onset. Although most of our patients in the SAACE group were myopic, as described above, there were no
differences between either group for refraction error and axial length since all of the patients in the RD group were
myopic. Therefore, the intergroup differences could not attributable to myopia.

Concerning the hours of digital device usage, several patients in our SAACE group reported diplopia occurring after
more than 4 hours of continuous smartphone usage, and most of these patients reported using digital devices for more
than 4 hours every day. Among our control group, most reported 3 hours of digital device usage every day, which is
similar to the 2022 Report on Current Status of Information and Communications by the Ministry of Internet Affairs and
Communications.*® There was longer usage of digital device in the SAACE group compared to RD group, and there were
differences in the MR measurements. Collectively, these results suggested that the anatomical peculiarities of MR were
triggered by excessive usage of digital devices leading to the onset of SAACE.

There were several limitations in this study. The younger age of patients in the SAACE group was the first limitation.
The LI distance of the extraocular muscles might be dependent on the refraction errors and axial lengths, which could
differ according to age. Thus, it should be taken into consideration that our current results, which showed there was
a shorter LI distance of MR, could have potentially been due to the inclusion of younger patients in our SAACE group.
However, it has been reported that the LI distances for both the LR and MR were not different between children and
adults.**** In addition, our present study also found that there were no differences between the SAACE and control
groups for the refraction errors and axial lengths. Furthermore, the current results indicated that there were lower LI
distances/axial length ratios of the MR in the SAACE group, while no differences were observed in the LR between the
two groups. Furthermore, similar results were revealed when data for the 12 patients from the control group, who were in
the same age range as the test groups, were analyzed. Therefore, this suggests that the differences between the SAACE
and control groups are not due to the differences in age. Currently, the observed associations between the insertion width
and age are controversial. The insertion width of the MR has been reported to be smaller in patients with intermittent
exotropia who are under 5 years old,*” with no significant differences noted after reaching the age of 18 years and older.?’
However, Niyaz et al reported that there was no correlation between the insertion width of the extraocular muscles and
age.”® In our present study, we found that there was a larger insertion width of the MR in the SAACE group, even though
they were younger than the subjects in the control group. Thus, these results suggest that it is not possible that the larger
insertion width in SAACE is due to aging effects. Another limitation is the small study population. Most of the patients
with SAACE who visited our clinic showed improvement after limiting their digital device usage and administration of
topical cycloplegics,®® and only 15 patients underwent surgical treatment. Further evaluation of additional patients will be
necessary to allow for better investigation of the characteristics of SAACE.

A previous study indicated that limiting the usage of digital devices led to good binocularity and an improvement in
the esotropia.” Based on the results of our previous study, we determined that in addition to limiting the usage of digital
devices, the administration of topical cycloplegics was also found to be effective among SAACE subjects.*® Furthermore,
Botox injections have also been reported to be effective in treating SAACE.>’*® In addition, improvement in the
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strabismus angles and restoration of binocularities were reported to occur after surgery in SAACE subjects,*” also in who
were resistant to the treatment of topical cycloplegics and Botox.>**® Thus, surgical intervention can be considered an
effective treatment for SAACE. However, since different satisfactory outcomes have occurred after the same surgical
formula with different LI distances,?’ this suggests that the anatomical characteristics of the MR need to be taken into
consideration during the surgical intervention for SAACE.

Conclusion

In SAACE, the more anterior insertion and larger muscle widths suggested stronger forces of the MR. In addition to
excessive accommodation followed by increases in the tonus of the MR, the anatomical imbalance between the LR and
MR also appears to contribute to the onset of esotropia following excessive near work. These results suggest that the

characteristic conformation of the horizontal extraocular muscles should be taken into consideration when designing the
surgical formula for SAACE.
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