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Abstract

Background
Intermittent exotropia (IXT) is the most common type of exotropia in China. Surgery is usually required to
align the eye deviation to maintain or obtain better binocular visual function. However, there is a high rate
of exodrift or recurrence in surgically treated patients. Orthoptic therapy is sometimes recommended for
IXT patients after surgery. However, there is a lack of high-quality randomized controlled trials to prove
that orthoptic therapy could be an effective supplement to surgical treatment for IXT patients. This study
was designed to con�rm such an application. This report describes the design and methodology of the
Intermittent Exotropia Post-operative Treatment Clinical Trial, which is the �rst large-sample, blank-
controlled, randomized clinical trial.

Methods
A total of 136 IXT patients (aged 7 to 17 years) will be enrolled and assigned to the orthoptic therapy
group or blank control group according to a simple randomization scheme. Patients in the orthoptic
therapy group will receive at least 2 months of orthoptic therapy, such as anti-suppression, vergence, and
accommodation training. Patients in the blank control group will receive only refractive correction. All
enrolled patients will need regular follow-up observation until 2 years after surgery. The primary outcome
will be the proportion of participants meeting suboptimal surgical outcomes in this 2-year follow-up,
which is de�ned as (1) exodeviation of 10 prism diopters (PD) at distance or near using the simultaneous
prism and cover test (SPCT) or (2) loss of 2 or more octaves of stereoacuity from baseline, at any
masked follow-up visit examination. The secondary outcomes will be the exodeviation at distance and
near using the simultaneous prism and alternate cover test (PACT), magnitude of fusional convergence,
stereoacuity, and accommodation. Measurements will be taken at baseline and at the 6-, 12-, 18-, and 24-
month follow-ups.

Discussion
To the best of our knowledge, this will be the �rst prospective, randomized controlled study of binocular
training in IXT patients after surgery. The aim of this work is to con�rm the e�cacy of orthoptic therapy in
reducing the proportion of recurrence among IXT patients after surgery and improving binocular vision
function.

Trial registration:
Chinese Clinical Trial Registry ChiCTR1900026891. Registered on 25 October 2019.
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Background
Intermittent exotropia (IXT) is the most common type of childhood-onset exotropia[1, 2]. At the same time,
IXT is also the most common type of strabismus in China, and its incidence is approximately 3.26%[3].
IXT patients usually present exodeviation when they are fatigued, distracted or looking at distance, and
the alignment of the eye position is controlled when they are nervous or focused. With the progression of
disease, there is poorer control of exodeviation, which leads to deterioration in binocular vision and
negative psychosocial consequences[4, 5]. In such cases, surgery is often the treatment of choice. A
recent study also showed that IXT was the main contributor to increases in strabismus surgery in
China[6]. However, whether surgery bene�ts long-term ocular alignment in IXT patients is unclear, as a
high recurrence rate has been recently reported[7–10]. The most important factor determining surgical
outcomes is the duration of follow-up. With extensions in follow-up time, the success rate of surgery
shows a decreasing trend[11]. Kim et al. revealed that more than 50% of the total amount of exodrift
occurred within the �rst post-operation year[12], and several other studies have reported that the main
recurrence of exodeviation occurred within 2 years after surgery[13–15].

The main objective of orthoptic therapy for IXT patients is to remove suppression, correct abnormal
retinal correspondence, improve sensory fusion and fusional reserve, and obtain better binocular vision.
Previous studies have mainly focused on patients with small deviation IXT to obtain better fusional
control[16, 17]. Using surgery combined with pre- or postsurgical, or both, nonsurgical treatments,
including orthoptic training and occlusion therapy, has been advocated by different ophthalmologists in
different countries[18–21], and such assessments have been based on clinical impressions rather than
solid evidence. Therefore, a comprehensive, well-designed prospective study is urgently needed to
determine the value of orthoptic therapy for IXT patients after surgery. The main purpose of this study
was to con�rm whether orthoptic therapy could improve the long-term stability of eye position in IXT
patients after surgery. Therefore, we designed a randomized, controlled trial including two groups: an
orthoptic therapy group and a control group to explore the e�cacy of orthoptic training in IXT patients
after surgery over a 2-year period.

Methods
Study design

This will be a prospective, parallel, simple randomized controlled trial. All procedures meet the tenets of
the Declaration of Helsinki and were approved by the medical ethics committee of the A�liated Eye
Hospital of Wenzhou Medical University (2019-108-K-101). Written consent and verbal assent will be
obtained from parents (or guardians) and participants, respectively. The study protocol (V2/2019.08.10)
was registered in Chinese Clinical Trial Registry (ChiCTR1900026891), which is granted for public access,
and is in accordance with the Standard Protocol Items: Recommendations for Clinical Interventional
Trials (SPIRIT) guidelines[22]. The study will be performed in the A�liated Eye Hospital of Wenzhou
Medical University. The research �owchart is shown in Figure 1.
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Participants and recruitment

All participants will be recruited from an outpatient clinic. One of the investigators in this study will
initially screen patients based on their eye position, age, address, and refractive status at one week after
surgery. Then, an appointment will be made for a 1-month postoperative review with each patient who
approximately meets the entry criteria. A well-trained investigator in the amblyopia and strabismus
department will be responsible for the recruitment and management of participants. Patients meeting the
eligibility criteria will be informed of the basic information related to and the requirements of the project.
If patients and their parents (or guardians) are willing to participate, then they will be randomly enrolled
after the initial baseline examination. All tests will be performed by the same senior physician who will be
masked to the patient’s randomization status. The inclusion and exclusion criteria are listed in Table 1.

Tests performed at baseline and each follow-up visit

After obtaining consent and assent, health-related quality of life (HRQOL) will �rst be assessed using the
Intermittent Exotropia Questionnaire (IXTQ)[23]; these will be completed by each participant and their
guardians in separate and quiet rooms. Then, each participant will undergo comprehensive ophthalmic
examinations, including best corrected visual acuity (BCVA), subjective refraction, slit-
lamp biomicroscopy, and fundus examination. Then, strabismic and binocular visual examinations will
be performed, including stereopsis, the amplitude of fusional vergence at far and near, monocular and
binocular accommodative amplitude, monocular and binocular accommodative facility, near point of
convergence, the prism and alternate cover test (PACT) and simultaneous prism and cover test (SPCT).
The principal inspection sequence is �rst binocular then monocular without breaking fusion. If this
principle is broken, for example, the monocular items are performed �rst, then before testing the binocular
items, at least 15 minutes of rest for steady binocular fusion will be provided. The present study included
a baseline visit and 6-, 12-, 18-, and 24-month follow-up visits. Each examination is completed on the
same day. The 4 follow-up visits will fall into a ± 2-week range. The HRQOL was designed to be
completed at the �rst examination time and at the last examination time. To ensure the quality and
repeatability of data acquisition, all procedures will be performed by two experienced clinicians (MX and
YW), and the procedures have been uni�ed and standardized. The standard process regarding the
important test items is as follows:

Health-related quality of life questionnaire

We will use the Intermittent Exotropia Questionnaire (IXTQ)[23] to assess the participants’ and their
guardians’ health-related quality of life (HRQOL). The IXTQ consists of 3 components:

1. Child questionnaire: This will be used to assess the feelings of the child about his or her eye
condition. Because the children enrolled in our study will be over 7 years old and have been attending
primary school, they already have a certain level of understanding. We uniformly use the child
questionnaire as the version for children aged 8 years and older, which consists of 12 items
and a �ve-level response scale (never, almost never, sometimes, often, and almost always) and is
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self-administered as far as possible. Of course, if the child cannot understand the question by her or
himself, there will be staff nearby to provide oral guidance and help.

2. Parent proxy questionnaire: This will be used to assess how parents think their child's eye condition
affects their child. The questionnaire consists of 12 items, and a 5-level response scale, similar to the
child questionnaire, is used.

3. Parental questionnaire: This will be used to assess the parents’ feelings about their child’s eye
condition. This component of the questionnaire consists of 17 items and the 5-level response scale.

All questionnaires about the parents are completed by the parents themselves; if there is a part that they
do not understand, the assistant staff can help to explain it. Parents and children are separated into two
different rooms during the completion of the questionnaire to avoid interfering with each other.

Exodeviation control at distance and near

We will assess the exodeviation control at each follow-up period using the O�ce Control Score[24]. This
assessment will be conducted before all other examinations. The investigator looks at the participant’s
eyes when he or she focuses at an accommodative target at distance (6 m) or near (40 cm) and
determines a score based on the following scoring principle:

5 is constant exotropia

4 is exotropia > 50% of the 30-second period before dissociation

3 is exotropia < 50% of the 30-second period before dissociation

2 is no exotropia unless dissociated; recovers in > 5 seconds

1 is no exotropia unless dissociated; recovers in 1–5 seconds

0 is no exotropia unless dissociated; recovers in < 1 second (phoria).

Stereoacuity testing

Near and distance stereoacuity will be assessed using the Titmus circles test and TNO at 40 cm and the
Distance Randot Stereotest at 3 m, respectively. Stereoacuity will be assessed with the participant’s
refractive correction. The Titmus circles measure from 40 to 800 seconds of arc (arcsec). The TNO test
(Laméris Ootech B.V., Nieuwegein, the Netherlands) ranges from 15 to 480 arcsec. The Distance Randot
Stereotest (DRS, American Stereo Optical Company U.S.A.) ranges from 63 to 400 arcsec. Testing starts
with the largest disparity, and the inability to correctly identify the target with the largest disparity will be
recorded as nil stereo. Nil stereoacuity will be assigned the next highest log level (near 1600 seconds of
arc for Titmus; 960 seconds of arc for TNO; distance 800 seconds of arc for DRS) for the purpose of data
analysis.

Sensory fusion
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The Worth 4 Dot test will be conducted at a 40-cm and 5-m �xation to assess near and far sensory fusion,
respectively. The participants will wear red-and-green spectacles and view the Worth 4 Dot �ashlight at
near and at distance. If participants report 2 red or 3 green lights, it will be taken to represent
“suppression” of the left eye or right eye. If they report 4 lights at distance or at near, it means they have
“normal” peripheral or central fusion. If 5 lights are reported, it will represent “diplopia”.

Fusional vergence

The amplitude of fusional vergence will be assessed by a 1 to 40 PD prism bar for both near and far
�xation. Each participant will �xate on a single letter (20/40 Snellen level) at 33 cm or 5 m and will be
asked to report when the �xated letter appears to double (this will be recorded as the break point) as the
prism strength gradually increases. Then, the prism power will be gradually decreased, and the point at
which the patient regains single vision will be recorded as the recovery point. Participants will be
reminded to keep the target single as long as possible. Both the divergence (BI) and convergence (BO) of
the break point and recovery point are recorded at near and at distance. If the subject reports
suppression, which will be assessed by the Worth 4 Dot test, then this part will be omitted and recorded
as 0/0. For subjects who still retain fusion at 45 PD, the break point will be recorded as 45 PD,
and the recovery point will be recorded as “-” and excluded from the recovery analysis. The testing order
for fusional vergence is distance �rst and then near, divergence �rst and then convergence. The PD
values of break points are de�ned as the amplitude of the vergence, which is de�ned as convergence
reserve in our study.

Near point of convergence

For this test, participants will �xate at a single Snellen 6/12 letter as an accommodation target at 40 cm
in front of their eyes. The investigator will move the target closer to the subject and observe the subject's
eyes until he or she reports diplopia or one eye drifts outward. This point will be recorded, and the
distance from the point to the canthus or the plane of the subject's glasses will be measured.

Accommodative function

The accommodative function we measure here will include accommodative amplitude and facility. We
will separately measure binocular and monocular function in both examinations. Generally, we will
measure accommodative facility �rst and then amplitude, and we will measure binocular function �rst
then monocular function. When measuring binocular function, we will always observe the subjects' eye
position and remind them to maintain binocular single vision. The test will be stopped if the patient has
diplopia or appears to have an outward deviation.

We will use standard test methods (±2.00 D �ipper lenses) to test this facility. The subjects will be asked
to read one line above the best visual acuity at 40 cm with their corrected lenses. Then, the + 2.00 D
lenses will be placed in front of the subjects’ eyes, and when the letters are reported to be clear, the �ipper
(-2.00 D lens) will be quickly �ipped in front of the eyes; 1 cycle is achieved when clear is reported again.
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This will be continued while alternating sides of the �ipper lenses for 1 minute, and the cycles achieved
will be recorded.

We will use “Minus lens” to test the amplitude. A near target will be set at 40 cm, minus lenses will be
gradually added in front of the subjects’ eyes until they report sustained blur. The summation of the
number of minus lenses and 2.50 D for working distance will provide the total accommodative amplitude.

Ocular alignment testing

Ocular alignment will be assessed by SPCT and PACT both at near (33 cm) and at distance (5 m). The
deviation will be recorded as constant or intermittent if a manifest exodeviation is present in at least 3
cover and uncover tests. The amount of manifest exodeviations will be recorded by the values of SPCT,
and the total amount of exodeviations will be recorded by the measurement of PACT. If no deviation is
present at any time, it will be recorded as “no deviation”.

Intervention

After a subject completes all of the examinations, the checklist is handed to the research assistant.
Subjects will be randomly divided into Group A (orthoptic therapy group) and Group B (control group)
based on the order provided in the random table.

Intervention for the orthoptic therapy group

All participants in the orthoptic therapy group will receive at least 8 weeks of hospital-based orthoptic
therapy combined with home reinforcement administered by an orthoptic therapist based
on their baseline binocular visual status. The therapy protocol in the present study is based on
participants’ binocular vision status and modi�ed on the basis of the Convergence Insu�ciency
Treatment Trial randomized clinical trial24,25. Hospital-based training will mainly include methods that are
not easy to master, the operation is more complex, and the training equipment is not suitable for home
use. Furthermore, some participants with poor visual function will need to complete this training under
the guidance of a therapist. To enhance the treatment con�dence of participants and parents, the
therapeutic procedures will be arranged from easiest to most di�cult. At the same time, therapists will
often verbally motivate the participants to perform the more di�cult tasks.

The participants will receive hospital-based therapy 1–2 times per week, 60 minutes each time, combined
with practice at home for 15–30 minutes, 5 days per week. Therapists will also instruct parents to
complete the training log and maintain communication through WeChat in an attempt to enhance
compliance and improve the therapeutic effect. The overall treatment program will consist of 3 phases. In
each phase there are a number of subcategories. The detailed therapeutic program is summarized in
Table 2. The participants in our study will have normal binocular visual acuity and basic binocular visual
function, which may be different from other patients with abnormal visual function. Each procedure has a
designated endpoint that should be obtained before moving on to the next level or phase.
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Before the start of each training, some simple binocular function tests will be performed, and the training
program will be adjusted based on those test results. The patients can stop training in the hospital and
maintain home training (15 minutes each day) to maintain e�ciency if the test results showed that
performance had reached or even exceeded the normal level. However, if a decrease in the test results is
observed during the follow-up, the appropriate therapeutic treatment will be reinitiated. For the results and
purpose of our study, parents are required to record the training in detail, including time, frequency,
experience, etc.

Control group therapy

For the participants in the control group, all binocular visual function tests will also be completely
performed at each follow-up visit. If refractive status changes, appropriate prescription will be provided
and used in a pair of new glasses.

If only binocular visual function deterioration occurs, it is proposed that they continue to be observed; if
accompanied by a small angle of exodeviation but not meeting the criteria of suboptimal surgical
outcome or if participants ask for visual function therapy, they will have deviated from the study protocol
and will be considered to be out of group. If eye position regression is obvious and the de�nition of
recurrence is reached, he or she will be classi�ed as having a suboptimal surgical outcome. They will be
offered a reoperation to align the eye position or start orthoptic therapy during the study.

Outcome measurements

Before the beginning of the study, we demonstrated the feasibility of the project, the reliability of the
research methods and the evaluation of the research results. Stereopsis will be checked by the assistant
medical staff of the department, and the other binocular vision items and the amount of exodeviation will
all be checked by the same senior doctor.

Primary outcome

The primary outcomes in our study will be the proportion of participants meeting suboptimal
surgical outcomes at any masked follow-up visit examination within 2 years of surgery; these suboptimal
outcomes are de�ned as (1) exodeviation of ≥10 PD at distance or at near using SPCT or (2) loss of 2
octaves or more of stereoacuity from baseline.

Secondary outcomes

The secondary outcomes in our study include the following items: the exodeviation at near and distance
tested by PACT, fusional convergence amplitude, stereoacuity, accommodative amplitude and facility.

Sample size

A total sample size of 136 subjects (68 per group) are required for this study based on the following
considerations: the proportion of participants meeting suboptimal surgical outcomes in the PEDIG study
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was 36.5% in 24 months[21]. Edwin et al.22 con�rmed that the successful treatment rate among IXT
patients was 83.3% (25/30) in the surgery combined with nonsurgical binocular therapy group. Statistical
power was set at 80% with a type 1 error probability (a) of 0.05 based on a 2-tailed t test. The theoretical
sample size was 61, with a 1:1 sample ratio. To allow for a maximum drop-out rate of 10% during the 2-
year follow-up, the sample size for each group was estimated at 68.

Randomization

A biostatistician will generate a simple randomized number list at a ratio of 1:1 using SPSS software
version 20.0 (IBM Corp., Armonk, NY, USA). Randomization will be conducted on the day that all the
enrolment tests are completed. After each subject is enrolled and has completed all of the examinations,
he or she will be invited to the principal investigator. The investigator will group the subjects in
accordance with the order of the numbers in the randomization table. If the participant is assigned to the
blank control group, he or she will be informed to follow the routine clinical follow-up time, that is, 6
months, 12 months, 18 months and 24 months. In addition, an appointment will be made for the next
follow-up. If the participant is assigned to the orthoptic therapy group, he or she will be given the detailed
therapeutic schedule. If the patient is not satis�ed with the group assignment after randomization and
does not want to participate in the follow-up study, that patient will be dropped from the study. All
procedures will be performed by two investigators (MX and YW), and they will be blinded to the
interventions.

Data management and monitoring

To ensure the successful conduct of research and data accuracy, we will conduct detailed training for all
project team members before the study starts, and training will include the collection of patient
information, examination process and methods, data recording and input, etc. Each patient will have
complete case report forms (CRFs), where researchers will record the data. If a mistake is made while
recording the data, any changes to a CRF will need to be signed and dated. Because of the possibility of
exodrift over the prolonged time after surgery, if patients miss one or two follow-up visits, we will use the
last obtained follow-up data instead. Data administrators will enter data into EpiData 3.1. It will be
entered and checked by two full-time staff (TP and CW) from our clinical research centre, who will also be
blinded to the interventions. The Clinical Trial Centre O�ce of the Eye Hospital of Wenzhou Medical
University is responsible for data monitoring and overseeing the whole study. The original data, including
private information, will be kept in the Data Monitoring Committee, which as an important department in
Clinical Trial Centre O�ce. If there is any reasonable request and an agreement with the principal
investigator is obtained, the data will be accessible through the research centre. The principal investigator
will regularly report the research progress to the co-workers on the study, and the �nal results will be
presented in the form of published articles. Authorship will be determined based on an individual's
contribution to the study and in accordance with authorship eligibility guidelines. The ideas and
scienti�city underlying the research are very important.
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Safety monitoring

To protect the rights and interests of patients, all participants and their guardians will be informed of the
potential bene�ts and possible risks of the trial before they enrol. The whole process will be carried out in
a separate and quiet room by a trained professional assistant (JL). After con�rming that the patient and
guardian understand the relevant content, we will ask both the patient and his or her guardian to sign an
informed consent form. If any one of these individuals do not sign the informed consent form, they will
not be admitted to the study.

Because the orthoptic therapy being used in our study is a form of functional training, which is a non-
invasive operation, the risk of harm to patients is very small. However, we will still inform all individuals of
the training process in detail and will give them the researcher's telephone or WeChat to communicate at
any time. All participants will be permitted to withdraw or terminate the study for any reason during the
study, and the reasons will be recorded. Discontinuation or irregular orthoptic therapy will not be a reason
for withdrawal from the study, and participants could complete follow-up visits provided if they are
willing. 

Statistical analysis

Statistical analysis will be performed using SPSS software version 20.0 (IBM Corp., Armonk, NY, USA).
The parameters to be calculated are the means ± standard deviations for the continuous variables and
the rates (proportions) for the categorical variables.

For the primary analysis, the cumulative proportion of participants meeting the criteria for suboptimal
surgical outcomes by 2 years will be compared between the 2 groups using the chi-square test. An
intergroup difference and a corresponding 95% con�dence interval (CI) will also be calculated. Each of
the 2 individual components of the speci�ed suboptimal surgical outcome criteria will be assessed as a
secondary outcome using the chi-square test.

For all participants who complete the 2-year visit, and after the data entry is completed, the statistician
will separate the two groups of data based on the random table. Changes in exodeviation measured by
PACT, stereoacuity, accommodative amplitude and facility, and fusional convergence amplitude between
baseline and the 2-year time points will be compared between the two groups in linear regression models
that will be adjusted for the corresponding baseline values. Additionally, considering that binocular visual
function is different in different age, the �nal data may be divided into two subgroups according to
different ages.

Discussion
The success rate following IXT surgery has been quite variable across studies, which can be attributed to
differences in examination methods, criteria for surgical failure, and length of follow-up[8, 21, 25, 26]. It
was con�rmed that there is a high rate of exodrift or recurrence after surgery in IXT patients. A previous



Page 11/19

study has indicated that orthoptic therapy is effective in the treatment of convergence insu�ciency IXT
with a maximum deviation of 25 PD[17, 18]. It has also been applied as a component of a postoperative
combination therapy[21] but in a retrospective small sample study. Therefore, there are still many related
unanswered questions, such as which patients will respond to this therapy, how long and at what
frequency does orthoptic therapy have to be performed for maximal e�cacy, what is the endpoint of
treatment and what is the long-term stability of these results. It is our expectation to answer several of
these questions with our present study.

One-month post-surgery is an important follow-up time. Discomfort caused by strabismus operations,
such as red and swollen eyes, has basically disappeared. At that time, patients can rotate the eyeball
freely and complete the relevant visual function examination. Therefore, the time point chosen for this
study was 1 month after the operation, and the patients in the training group began training 1 month after
the operation. In addition, our inclusion and exclusion criteria are relatively strict and may exclude many
patients in clinical practice, such as those with esophoria, combined with diplopia and vertical deviation,
amblyopia and ansometropia. In this manner, the confounding factors in enrolled patients are minimized,
and the results will represent a powerful conclusion regarding the internal validity of this study. We have a
detailed and clear therapeutic program for IXT patients in the training group, including the establishment
of therapeutic stages and therapeutic endpoints for each stage. This hospital-based therapy for one
patient requires one orthoptic therapist to assist the training. Home-based training requires recording
training logs, and computerized training would allow the real-time detection of training times and
intensity. It would be helpful for us to fully capture all aspects of the therapeutic situation of each patient
and analyse correlations between therapy cooperation and the actual effects of orthoptic therapy.

There are several limitations in our present study. First, the inclusion and exclusion criteria for this study
are relatively strict and may not fully re�ect the effect of orthoptic therapy on the exodrift of all
postoperative IXT patients. Second, this study uses only simple randomization, not a dynamic
randomization technique based on the patient's surgical methods, age, diopter and other data,
considering the weekly operability and our large sample. These effects will be taken into account during
analysis of the later results of the study.

In summary, our study will be the �rst large-sample, prospective randomized controlled study to con�rm
the effect of surgery combined with orthoptic therapy in IXT patients. We hope that our research can
provide strong evidence to guide clinical application.

Trial Status
The trial protocol presented here has obtained approval from the A�liated Eye Hospital of Wenzhou
Medical University Review Board (2019-108-K-101), and is aligned with protocol version 2, approved on
10 August 2019. The recruitment started on 20 August 2019 and completed on 17 August 2021.
Considering the importance of standardized visual function examination and orthoptic training in our



Page 12/19

study, and hoping that our research can be extended and traced, we wrote this study protocol, even
though recruitment has already completed.
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Inclusion criteria

1. Patient is 7–17 years old.

2. Amount of exodeviation measured using PACT at 1 month after IXT surgery meets any of the
following:

  2.1 Exodeviation   10 PD at near and distance.

  2.2 Ortho at near, and exodeviation   10 PD at distance.

  2.3 Ortho at distance, and exodeviation   10 PD at near.

3. Best corrected visual acuity (BCVA) in the worse eye is 0.1 logMAR or better and there has been
no previous diagnosis or treatment for amblyopia.

4. Participant wore spectacles for at least 1 week if refractive error meets any of the following:

  4.1 Myopia -0.50 D and >-6.00 D SE in either eye.

  4.2 Anisometropia  1.50 D SER.

  4.3 No hyperopia of more than +3.50 D SER in either eye.

5. Refractive correction for participants meeting the above refractive error criteria must meet the
following guidelines:

  5.1 For myopia, the intent is to fully correct.

  5.2 For hyperopia, the spherical component can be reduced at investigator discretion as the
principal of maximum plus to maximum visual acuity.

  5.3 For astigmatism, cylinder must be within 0.25 D of full correction and axis must be within 5
degrees of full correction.

  5.4 Myopic participants should not take any intervention for myopia control, such as
orthokeratology, peripheral defocus lenses, low-concentrate atropine.

6. No atropine was used within the previous month.

7. Patient had gestational age >34 wks and birth weight >1500 g.

8. Parents and participant understand protocol and are willing to accept randomization to
binocular training group or sham-control group.

9. Patient had not received prior vision training or orthoptics for any reason.

10. The location of the home address is not very far from the hospital, and if assigned to the
training group, training 1–2 times a week at hospital is acceptable.

 

Exclusion criteria

1. Coexisting vertical deviation  5 PD.

2. Esodeviation  5 PD at near or distance
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3. Complaints of diplopia 1 month after surgery in the primary and reading positions.

4. Limitation of ocular rotations resulting from restrictive or paretic strabismus.

5. Craniofacial malformations affecting the orbits.

6. Interocular visual acuity difference more than 0.2 logMAR.

7. High AC/A ratio (exclude >6:1 by gradient method).

8. Prior strabismus surgery or botulinum toxin injection.

9. Prior intraocular or refractive surgery.

10. Signi�cant neurological impairment such as cerebral palsy. Participants with mild speech or
learning disabilities or both are eligible.

PACT: simultaneous prism and alternate cover test; IXT: intermittent exotropia; PD: prism diopter; SE:
spherical equivalent refraction; AC/A: accommodative convergence/accommodation
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Table 2
Hospital based and home-based orthoptic therapy procedure

Phase Therapy
location

Training technique Endpoint

Phase
1

Hospital-
based
therapy

Training with major
amblyoscope to build
�ne retina
correspondence

Achieve simultaneous vision and build fusion

    Cheiroscopic drawing
with single oblique
stereoscope

Achieve simultaneous vision and build fusion

    Vectograms (quoits
or clowns) for
convergence

33 BO for twice for patients without stereopsis

    Increasing fusional
convergence based
on stereoscopic
stimuli

34 BO for twice for patient with stereopsis

  Home
therapy

Red/green bar reader Maintain single binocular without suppression

    Barrel card Easily fuse three dots

    Brock string Successfully converge to 2.5 cm from his or her nose.

    Letter chart
monocular
accommodative
facility (MAF)

Start from 20/50, go to 20/40 or 20/30, when result of
MAF is 17.5 cpm

Phase
2

Hospital-
based
vision
therapy

Training with major
amblyoscope to
increase fusional
convergence

Fusional convergence reserve is more than + 25°
(based on different subjective angle of exodeviation,
the amount of fusional convergence demand is
different)

    Vectograms (quoits
or clowns) for
divergence

15 BI with stereopsis

    Aperture rule for
convergence and
divergence

12 pictures for convergence, 7 pictures for divergence.

    Random vergence
facility based on
stereoscopic stimuli

More than 650 times in 15 minutes

  Home-
based
vision
therapy

Aperture rule 7 for divergence and 12 for convergence

BO, base out; BI, base in; BAF, binocular accommodative facility; cpm, cycles per minute;
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Phase Therapy
location

Training technique Endpoint

    Letter chart BAF More than 17.5 cpm (20/30)

    Computerized
binocular vision
therapy procedure

Achieve clear single binocular vision with 40 to 50 BO
and 10 to 15 BI.

Phase
3

Hospital-
based
vision
therapy

Training with major
amblyoscope to
increase fusional
convergence

Fusional convergence reserve is more than + 25°
(based on different subjective angle of strabismus,
amount of fusional convergence demand is different)

    Aperture rule with
lens or prism �ipper

Accomplish with ± 2.00 lens �ipper

    Random vergence
facility based on
stereoscopic stimuli

More than 650 times in 15 minutes

    Bernell-O-Scope for
vergence facility

8 pictures for BI and BO each

    Free space fusion
with lifesaver card

Easily accomplish convergence and divergence

    VR training that
combines pursuit and
saccade

Accuracy ratio more than 90% in increasing di�culty

  Home-
based
vision
therapy

Aperture rule with ± 
2.00 lens �ipper

Accomplish 7 in divergence and 12 in convergence

    Lifesaver card Easily accomplish divergence and convergence

BO, base out; BI, base in; BAF, binocular accommodative facility; cpm, cycles per minute;

Figures
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Figure 1

Flowchart of our current study.
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