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ABSTRACT
Background: A multitude of ophthalmic treatment and management strategies have been successful for the treatment of
exotropia, some of which include home-based exercise programs and vision training programs. Vision training has been
found to be successful in improving stereovision, giving patients the ability to see in 3D, and for convergence insufficiency.
Case Report: This report describes a 14-year-old female athlete presenting with post-operative left eye exotropia with
hyperphoria who was not able to appreciate stereopsis. A personalized action plan was designed to minimize suppression
and to improve left-right ocular motor symmetry, which included home exercises and structured vision training. In the
29-week program, stereopsis improved from 0.00 mm to 16.00 mm. With regular vision training, the patient demonstrated
improved stereopsis, decreased suppression, better precision of fixation, improved eye discipline of the left eye, and better
coordination of both eyes. Ultimately, she was able to appreciate 3D.
Conclusions: Vision training, as part of the post-corrective surgery rehabilitation program, can restore the ability to
see in 3D. Vision training for consecutive exotropia and rehabilitation of stereoscopic vision can be achieved without
interrupting sports-specific activities and competitive play.
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Introduction
A multitude of ophthalmic treatment and management
strategies have been successful for the treatment of exotropia,
some of which include home-based exercise programs and
vision training programs.1-5 Vision training has been found to
be successful in improving stereovision, giving the patient the
ability to see in 3D.6 This case report presents the methods and
time course for a vision training regimen used to treat a patient
with a consecutive exotropia.

Case Report
A 14-year-old female soccer athlete and her mother
initiated contact with the University of Cincinnati’s Sports
Medicine Department to improve sports performance through
vision training. During the time of the interview, the patient
was noted to have a left exotropia that was found to be the
result of surgery for an esotropia four years earlier.7-9 At this
time, she was noted to lack stereoscopic vision, resulting in an
inability to see 3D.
In obtaining the patient’s medical history, we learned that
this patient was born with left and right eye strabismus. At
nine months old, the patient underwent her first surgery OU
to repair the exotropia and was instructed that a second surgery
might be needed in the future. The surgery was declared
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successful, as both eyes were adjusted to matching positions.
Subsequently, the exotropia in the left eye returned. A second
surgery was performed when the patient was ten years old, but
no improvement was seen. According to previous physician’s
notes, the Stereo Fly score was recorded as 0 two years following
the surgery. The exotropia following surgical over-correction
was then untreated for the subsequent two years, with no
improvement noted. One year prior to the vision training
program, her visual acuity was noted as 20/20 OD, OS.
We performed a series of examinations prior to the start
of vision training. These included a vision exam, acuity and
phorias, a Dynavision exam,10 stereopsis, and an ocular motor
assessment.
Initial Clinical Observations
In the initial clinical observations, the patient presented
with a left eye exo-hypertropia. She was found to suppress the
left eye, while her right eye was noted to be dominant. Cover
testing showed that her eyes deviated up and out. Her visual
acuity was 20/20 for both eyes, while her prescription was
recorded as -1.50+0.50x045 OD and -2.75+2.75x120 OS.
Stereo Fly was 0, and Randot was 0/10 (Figure 1). A
higher number in mm for the Stereo Fly is indicative of better
stereopsis.6 Brock string showed substantial suppression, with
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Figure 1. Stereo Fly and Randot test scores’ progress during the weeks of the training program.

Figure 2. Picture of the Bates Field Splitter glasses. These glasses are worn with the central visual field split by a card with different colors on either side. The subjects are
advised to see both colors. Once they are comfortable with the glasses, they are engaged in pitch-and-catch with a soccer or football. They must track the ball and still see
both colors. This method prevents suppression and disciplines the eyes to work together while restricting part of the cross-talk of the signal at the optic chiasm.

only one string observed, while saccades showed substantial
left-right ocular motor differences, with the left being
hypometric. Based on these results, an action plan was
developed.

Treatment
The initial action plan included daily Brock string and
saccades at home. Brock string and saccades were to be
performed binocularly and monocularly for one minute
each.11 The mother was asked to record the results for the
saccades. The patient was scheduled to come in for training and
rehabilitation once per week. The initial rehabilitation sessions
were abbreviated to prevent fatigue or refractory symptoms
related to the training.12,13
The action plan was designed to minimize suppression,
to improve left-right ocular motor symmetry with the goal of
improving stereoscopic vision, and to improve ocular motor
performance. The patient was scheduled for once-weekly
therapy sessions and given daily home exercises.
Home exercises were Brock string for one minute
binocularly and monocularly and saccades with left eye
134

abduction minimized for one minute monocularly and
binocularly.10 In an effort to engage in dynamic adduction
of the affected eye with accommodation, we routinely use
a monocular Brock string activity. This technique improves
the endurance of the affected eye and can serve as a means
to monitor the symmetry of the left/right eye performance.
Therapy sessions included Dynavision, strobe glasses, and
sports-specific pitch-and-catch with various training glasses
monocularly and binocularly.10,14,15 The training glasses
included Bates field dividers, pinhole glasses, and vertical slit
glasses (Figure 2).10,13,14
Pitch-and-catch exercises were done using a soccer ball with
different glasses on (Bates glasses, strobe glasses, etc.). Similar
pitch-and-catch exercises were also done with colored balls, a
Marsden ball, the Nike Sparq trainer, Bates glasses with field
dividers, pinhole glasses, and vertical slit glasses.11,14 Often,
pitch-and-catch was done either centered or off-center to the
right in order to encourage left adduction and tracking. Bates
glasses were of differing colors, and the patient was advised to be
able to ‘see’ both colors at all times in order to practice fusion.6,16
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Figure 3. Relationship of Dynavision *A weekly scores to weeks of the training program.

Figure 4. Results from the home saccadic eye movement for both eyes.

Vertical slit glasses were used with a 3 mm vertical slit on
the left eye to encourage the left eye to adduct. The right side
had either a horizontal slit, a horizontal line, or a blank color.
The patient was advised to see with both eyes, with the left eye
vertical slit gradually moved inward to enhance left adduction.
To perform the rehabilitation and training, we used
standard methods that have been previously published.10,17-19
These include Dynavision, Brock string, saccades, Marsden
ball, strobe glasses, accommodation training, vergence
training, and pinhole glasses.11,14 Each rehabilitation session
was designed to keep the patient engaged and to achieve ocular
motor conditioning.
Training and Rehabilitation Methods
The first few rehabilitation sessions were cut short at 20 to
30 minutes to mitigate evoking symptoms and fatigue, as well
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as to assess the intensity of the rehabilitation sessions. After
consulting with the patient and mother concerning fatigue and
discomfort, subsequent sessions were for the full one hour.
Vision Training
Week 2: After initiating the vision training, the patient
reported regularly seeing two strings with the Brock string,
which is normal and consistent with decreased suppression. The
Dynavision baseline exam was recorded as 70 hits per minute
(hpm) for both eyes in the *A program, which significantly
improved to 86 hpm at two weeks (p≤0.001; Figure 3). The
home saccadic eye exercise weekly average also significantly
improved (p≤0.001). Saccades were performed in one-minute
increments, and the number of cycles per minute (cpm) was
recorded. The results improved from 33.4±1.4 cpm for both
eyes at the 0 week marker to 41.3±3.7 cpm after two weeks,
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Discussion

Table 1. Vision Training Results – Initial and at
the End of Training
Vision Training Component

Initial

End of Training

Stereo Fly

0 mm

16 mm

Randot

0/10

6/10

Dynavision both eyes

70 hpm

101 hpm

Saccades both eyes

33.4±1.4 cpm

68.0±0.3 cpm

hpm: hits per minute, cpm: cycles per minute

from 34.1±1.6 at week 0 to 38.5±1.6 cpm for the right eye,
and from 33.0±1.8 to 39.5±1.8 cpm for the left eye (p≤0.001;
Figure 4).
Week 4: Vision training sessions were altered to include
added ocular motor and depth perception training with near/
far and Brock string training.6,13,17
Week 6: Stereopsis was re-evaluated using the Stereo Fly
and was found to have significantly improved from 0.00 mm
to 13 mm (Figure 1). The patient’s Randot score also improved
from 0/10 to 3/10 (Figure 1). At this time, the patient and
mother were given an assignment to watch a 3D movie in
40-minute increments. The patient’s home saccadic scores
significantly improved to 53.5±2.5 cpm for both eyes, to
50.8±2.6 cpm for the right eye, and to 50.8±3.2 cpm for the
left eye (p≤0.001; Figure 4). The patient’s Dynavision *A score
for both eyes was 73 hpm.
Week 7: The patient enjoyed her first 3D movie in two
sittings on consecutive nights.
Week 12: The patient spent four days at soccer camp.
She suffered a direct hit to the left face/eye from a soccer
ball. All vision training was suspended for one week while
recuperating and performing re-evaluations. In Figure 4, a
decrease in saccades is noted. It is not clear whether this is
the result of a concussive event or from the vision training
hiatus. Nonetheless, she quickly recovered and achieved prehit saccade values. At 13 weeks of rehabilitation, sessions
were restarted following soccer camp. Saccades continued
to improve: 57.0±7.0 cpm, while the right eye average was
recorded as 57.5±2.5 cpm and the left eye as 53.5±0.5 cpm
(p≤0.001; Figure 4). Thus, there were no setbacks from the
concussive event.
Week 20: Stereopsis was re-evaluated; the Stereo Fly was
12 mm and Randot was 4/10 (Figure 1). Weekly saccade
scores were 68.0±0.3 cpm for both eyes, 67.8±0.5 cpm for the
right eye, and 67.3±0.2 cpm for the left eye (Figure 4). The
Dynavision *A weekly score continued to improve to 99 hpm
for both eyes (Figure 3).
Week 29: The patient received her exit interview.
Stereopsis was re-evaluated and had improved to 16 mm,
while her Randot score was evaluated at 6/10 (Figure 1).
The Dynavision *A score for both eyes at this point showed
a significant improvement, from a baseline of 70 hpm at the
start of the vision training program to 101 hpm (p≤0.001;
Figure 3).
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In this case study, the vision training program and
results for a 14-year-old girl with consecutive exotropia
and an absence of stereoscopic vision were presented (Table
1). The patient was placed in an on-site vision training
rehabilitation program and was given home exercises to
support her rehabilitation. Her home exercises consisted of
Brock string and saccadic eye chart training.11 The Brock
string was primarily used to strengthen eye convergence,
to teach the patient to see with both eyes simultaneously,
and to minimize suppression of the left eye.9,16 Horizontal
saccadic eye movement was aimed to improve horizontal
fixation accuracy. Her on-site vision training program
consisted of Dynavision training, sport-specific pitchand-catch with strobe glasses, and various other training
glasses using both eyes and each eye individually.11,14,15 With
regular training and progression of the training, the patient
demonstrated benefits. These benefits included improved
stereopsis, decreased suppression, better fixation precision
of the left eye, improved eye discipline of the left eye, and
better coordination of both eyes, along with the ability to
enjoy her first 3D movie.
The patient’s Dynavision *A score for both eyes, as well as
her home saccade exercise scores, improved over the course of
the vision training. The patient’s number of hits per minute
for the Dynavision *A score significantly increased from 70
hpm to 101 hpm (p≤0.001). This reflects improved visualmotor coordination and peripheral visual awareness. The
patient’s at-home exercises also significantly improved, from
a weekly average of 33.4±1.4 cpm for both eyes, 34.1±1.6
cpm for the right eye, and 33.0±1.8 cpm for the left eye to
72.5±0.5 cpm for both eyes, 71±0.10 cpm for the right eye,
and 72.0±1.0 cpm for the left eye (p≤0.001; Figure 1). This
significant increase reflects the patient’s ability to improve
in efficiently and smoothly moving her eyes from target to
target with greater speed. It also shows good ocular motor
symmetry for individual eyes and both eyes together.
Although her visual acuity and prescription remained
the same (20/20 for each eye and OD: -1.50+0.50x045,
OS: -2.75+2.75x120), better coordination of both eyes was
noted. Remarkably, the stereopsis improved and the patient
appreciated 3D vision.
Improvement in stereopsis using the Stereo Fly was noted,
from 0.00 mm at baseline to 16 mm at week 30 (Figure 4).
We have previously seen similar stereopsis improvement in
intercollegiate baseball players following vision training.18
Stereoacuity testing using the Randot test was recorded as
0/10 at week 0. This improved to 3/10 at 6 weeks, 4/10 at
20 weeks, and 6/10 at the completion of the vision training
and rehabilitation program (Figure 1). The patient likely
improved her stereopsis and stereoacuity by a combination of
decreased suppression, improved eye discipline of the left eye,
and better coordination of both eyes.

Optometry & Visual Performance

Volume 4 | Issue 4 | 2016, August

Aside from the improvement in stereopsis, after only
seven weeks of the vision training program, the patient
was able to see 3D. The misalignment of the patient’s eyes
resulting from her exotropia ultimately resulted in conflicting
input to her brain, which caused increased suppression and an
absence of stereoscopic vision. Through vision training, the
patient learned how to use both of her eyes simultaneously
and was able consciously to change her viewing habits.6
We believe that through activation of the brainstem and
basal forebrain, neuromodulators, including dopamine and
serotonin, facilitate and strengthen synaptic changes, which
underlie this training effect.6,10,20 As with any learned change,
with consistent practice, the brain’s circuitry is able to rewire,
resulting in new synaptic circuitry and improved ocular
motor performance.
Adduction of the left eye was an area of emphasis, using
a version of constraint-induced therapy principles12,16 by
patching the right eye and forcing the left eye to adduct. For
example, the Dynavision drills were often done with one eye
patched, and the subject was required to adduct her left eye
in order to perform the prescribed tasks. Brock string and
pitch-and-catch were also done in this way. Therefore, similar
muscular performance tasks were achieved by varying the
rehabilitation methods.
We note in this report that the initial rehabilitation
sessions were cut short due to concern regarding symptoms
being evoked. These symptoms were fatigue and decreased
adduction of the left eye. Our concern regarding evoking
symptoms is two-fold. First, evoking symptoms that make
the subject feel unwell come with the risk of decreased
compliance. Compliance was maintained with the help of
the mother and with requests to document and to report
home saccade numbers. These were reported regularly. Many
athletes are accustomed to fatigue and operate with the nopain-no-gain attitude, but with ocular motor performance
that involves non-voluntary suppression, we were concerned
that fatigue or discomfort could initiate a noci-like reflex.
Noci reflexes are often associated with altered or new
reflex loops that could lead to worsening of symptoms or
diminished performance. Therefore, in the initial training
stages, we endeavored to minimize fatigue and discomfort so
that the risk of noci reflexes could be avoided.
We do not make sports performance enhancement
claims for this patient as this was not the goal of the vision
training.21 However, the patient continued to participate in
competitive soccer during the vision training. We do not
condone competition of this sort in patients who have poor
stereopsis and/or suppression, but the patient came to us as a
competitive athlete and continued to participate and perform
at a competitive level.
We believe that vision training can be used to treat
exotropia and show results of improvement. Improvement
and treatment occurred despite years of exotropia with
suppression; suppression decreased, stereopsis improved,
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and the exotropia was substantially reduced (Figure 4). The
patient’s mother reported that her daughter occasionally
needs to be reminded to “fix her eye,” and the eye is
voluntarily brought in. The patient did not use prisms during
the rehabilitation process.
Certain aspects of the vision training were designed and
performed based on strength and conditioning principles.
That is, the exercises for the ocular motor training were
initiated and performed to improve strength and endurance of
those muscles. Therefore, slow and continuous conditioning
showed results. Long-term vision training may also be needed
to maintain ocular motor condition via an extended vision
training program as there is the risk of muscle weakness and
atrophy.22,23 Moving forward, the patient was advised to
continue with the home exercises once per week.

Conclusion
We conclude that vision training can have substantial
benefits concerning stereopsis and binocularity. Of note is that
ocular motor performance improved to a substantial extent
in a 14-year-old post-surgical over-correction. The functional
results included improved left eye alignment, diminished
exotropia, and good stereopsis.
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