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Abstract: Background: Traumatic brain injury (TBI) can cause visual dysfunction affecting binoc-
ularity, spatial orientation, posture, and balance. Currently, there are several options for treating
manifested visual disturbances; vision therapy is one of the possible treatment options. Methods: A
14-year-old female fainted and sustained trauma to the upper-temporal part of her right eyebrow. The
patient presented with eye pain, a decreased visual field, and blurred vision and she exhibited great
difficulties when reading. Both neurological tests and exploration of the anterior and posterior ocular
segments showed results within normal limits. The patient was diagnosed with fusional vergence
dysfunction, associated with accommodative infacility and oculomotor dysfunction. To eliminate
her symptoms, a visual rehabilitation program was implemented; it consisted of accommodative,
anti-suppressive, vergential, motility, hand-eye coordination, and peripheral vision exercises. Results:
The symptoms manifested by the patient gradually dissipated throughout the course of therapy.
However, not all optometric parameters reached normal values after visual therapy, which could
indicate a traumatic injury that limited the achievement of normal optometric ranges. Conclusions:
After a mild traumatic brain injury (mTBI), it is necessary to carry out a complete examination of
the patient’s visual function. This visual examination must include an analysis of vergences, ocular
motility, and the accommodative system to obtain an accurate diagnosis. The outcomes of the present
clinical case imply that visual therapy should be considered as a treatment in cases of mTBIs.
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1. Introduction

“Concussion or Traumatic brain injury (TBI) is defined as a head injury with a Glas-
gow Coma Scale (GCS) between 13 and 15, and neuroimaging, if performed, does not
demonstrate an acute abnormality” [1]. A mild traumatic brain injury (mTBI) has a better
prognosis if diagnosed and treated early [2] and can cause visual dysfunction affecting
binocularity, spatial orientation, posture, and balance [3]. It is a common injury after road
accidents and falls, accounting for between 70% and 90% of mild brain injuries [4]. An
mTBI, or concussion, occurs after a severe impact to the head, directly or indirectly, that
causes a change in brain function [5].

Generally, patients who suffer an mTBI do not require hospitalisation, although they
may experience a multitude of motor, sensory, perceptual, and psychological difficulties, as
well as different visual problems, at some point. Many neurological signs and symptoms
caused by an mTBI can be very subtle and transitory. Some of these (such as balance,
cognitive issues, or sensory disturbances) may persist over the usual recovery phase, which
may predispose patients to future injuries [5]. Symptoms generally disappear within three
months to a year after the accident. Subjective symptoms include pain, depression, post-
traumatic stress, anxiety and other associated factors, as well as self-reported symptoms
like headache, fatigue, and self-perceived cognitive deficits [4].

Patients who have suffered an mTBI often present with difficulties in their motor
coordination and visuospatial perception. However, the consequences of traumatic damage
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on visual and fine motor coordination are unknown [6]. Approximately 90% of people who
have suffered an mTBI have an oculomotor disability. Between 10% and 40% experience
an accommodative ocular alteration. In addition, half have reported photosensitivity
symptoms [7]. Therefore, visual symptoms include photosensitivity, visual field loss and
visual motion sensitivity, as well as blurred and double vision, eyestrain, sensitivity to light,
and difficulty sustaining attention during a visual task [8-13]. It is common for patients after
an mTBI to experience visual symptoms even though they have good VA. For this reason,
binocular vision assessment, accommodation, and ocular motility are necessary to detect
possible sequelae after trauma. According to some authors, an mTBI should be treated in a
multidisciplinary manner if the patient suffers from persistent symptoms that last for more
than a month after the traumatic event [9]. The visual symptoms associated with this type
of injury in the paediatric population can have a great impact on the near-vision tasks that
children perform at school, leading to reading difficulties [12].

Binasal occlusion, prisms, filters, and visual therapy are some of the alternative
treatments used with patients who have persistent visual symptoms that emerge after a TBI.
The effectiveness of these various forms of treatments has not yet been proven due to the
small number of studies carried out, so there are currently no standardized measurements.
Vision therapy is effective in highlighting symptoms in patients and even improving their
visual function. In any case, one of the main problems in these cases is making a good
enough prognosis to predict the temporary duration of vision therapy required by each
individual [14].

The aim of this case report is to show the efficacy of a visual therapy program with
the purpose of improving the functional skills involved in visual efficacy to reduce the
symptoms caused by an mTBI in a 14-year-old patient.

2. Case History

A 14-year-old female fainted and sustained trauma to the upper-temporal part of her
right eyebrow two months ago. She went to the emergency department of the Miguel
Servet University Hospital in Zaragoza (Spain), where she underwent various tests and
was discharged that same day. However, her symptoms, including a decreased visual
field (Figure 1A), blurred far and near vision, and ocular pain progressively increased
and mainly affected the right eye (RE). She also complained of difficulty completing her
homework when she had to look at books or notebooks placed on the table to the right
or left. None of these visual symptoms were present prior to the trauma, as reported by
the patient.

At the time, she was not taking any medication or wearing any kind of visual cor-
rection. She was admitted to the Miguel Servet Children’s Hospital for a week for tests,
but nothing significant was found. Both neurological tests, including magnetic resonance
imaging (MRI), anterior and posterior ocular segments evaluation, and intraocular pressure
measurement revealed normal results. She was treated with analgesics to relieve eye pain.
It was decided to treat the case jointly between the ophthalmology department of the
Miguel Servet University Hospital and the optometry area of the University of Zaragoza,
where a visual efficiency evaluation and subsequent treatment were carried out. Informed
consent was obtained from the parents of the patient to publish the details of this case.
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Figure 1. (A) Humphrey visual field (HVF, threshold 24-2) of the right eye (RE) after a mild trau-
matic brain injury (mTBI) and before starting visual therapy showing generalized loss of sensitivity.
(B) HVF 24-2 of the left eye (LE) after an mTBI and before starting visual therapy. (C) HVF 24-2
of the RE after visual therapy showing generalized improvement in sensitivity and (D) HVF 24-2
of the LE after visual therapy. Abbreviations: RE: right eye; LE: left eye; POS: positive; NEG: neg-
ative; GHT: glaucoma hemifield test; VFI: visual field index; MD: mean deviation; PSD: pattern

standard deviation.
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2.1. Pre-Treatment Clinical Findings

The pre-treatment study measurements assessed are shown in Table 1. Refraction
under cycloplegia shows hyperopia and astigmatism, but the patient did not tolerate it.
Decreased uncorrected visual acuity (VA) in the RE was also observed. The lens prescription
was postponed due to the accommodation dysfunction. The patient was not able to relax
the accommodation, especially with the right eye. She had blurriness in both far vision and
near vision with the cycloplegic prescription.

Table 1. Pre-treatment and post-treatment subjective clinical measures. The normal range of each test
for the age patient are in the shaded column.

Test Pre-Treatment Vision Exam Results Post-Treatment Vision Exam Results Normal Range
Uncorrected VA
(Snellen) (RE/LE) 20/32 20/16 20/16 20/16 20/20
Cycloplegic B o B o B o
refraction (RE/LE) +1.75D - 050D x 180° +1.25D — 0.50 D x 180 +1.50D —0.50D x 5 +1.50D N/A
Non-cycloplegic B o
refraction (RE/LE) +0.00 D +0.25D +125D - 050D x 5 +1.25D N/A
Stereopsis (Random ” ” "
Dot 2-S Test) 200 30 20
Worth test Fusion Fusion Fusion
Cover test (distance) 8 A esophoria, 2 A hyperphoria RE Ortophoria 0-2 A exophoria
Cover test (near) 8 A esophoria, 2 A hyperphoria RE Ortophoria 0-6 A exophoria

Maddox (distance) 8 A esophoria, 6 A hyperphoria RE 6 A esophoria, 2 A hyperphoria RE 0-2 A exophoria
Maddox (near) 8 A esophoria, 5 A hyperphoria RE 8 A esophoria, 2 A hyperphoria RE 0-6 A exophoria
NPC 1-3” break/3-5"
(break/recovery) 11em/15 em 7/8 cm recovery
NFV prism bar (near) —/10/6 A 8/14/8 A 13/10 A
PFV prism bar (near) 6/14/14 A 18/25/20 A 19/14 A
NFV prism bar
(distance) —/6/4 A 6/8/4 A 7/4A
PEV prism bar
(distance) 8/20/18 A 6/12/8 A 11/7 A
Vergence fzcﬂlty 3/12 4cpm 9 cpm 15 cpm
Monocular AA
(RE/LE) 8.00D 13.00 D 10.5D 13D 13D
Monocular 8 cpm difficulty clearing
accommodative negative and positive 13 cpm 9 cpm 10 cpm 11 cpm
facility (RE/LE) lenses
NRA/PRA +1.75/-0.50 D +2.25/-1.50 D +2.00/-2.37D
MEM (RE/LE) Fluctuating value +1.50 D +2.00 D +2.00 D +0.50 D
Pursuits (NSUCO) 5/1/4/4 5/3/5/5 5/4/4/5
Saccades (NSUCO) 5/1/4/4 5/5/5/5 5/3/4/5

Abbreviations: AA: amplitude of accommodation; LE: left eye; MEM: monocular estimation method; N/A: not
applicable; NFV: negative fusional vergence; NPC: near point of convergence; NRA /PRA: negative relative
accommodation/ positive relative accommodation; NSUCO: Northeastern State University College of Optometry;
PEV: positive fusional vergence; RE: right eye; VA: visual acuity.

Although anisocoria with greater miosis of the RE (the right pupil diameter was 3 mm
and the left pupil diameter was 5 mm when illuminated) was observed in the pupillary
examination, the pupillary reflexes did not present any alteration. Deviation was assessed
with the cover test in the primary gaze position both at distance and near vision, obtaining
esophoria and hyperphoria of the RE in both cases. Because the patient showed difficulties
in changing the fixation from the right to the left gaze, the red filter test was performed. The
results are displayed in Table 2. The deviation was incomitant. Although in levoversion
the deviation was compensated with base-down (BD) in the left eye (LE) (hypodeviation of
the RE), in the rest of the gaze positions, it was compensated with base-up (BU) in the LE
(hyperdeviation of the RE). The patient did not perceive diplopia in the three central gaze
positions, but she saw a double image when looking to the right or to the left.
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Table 2. Pre-treatment results of the red filter test.

Dextroversion Central Area Levoversion
4 ABO 5 ABU LE - 8 A BO 5 ABULE
10 A BO 8 ABU LE - 12 ABO 5ABDLE
16 A BO 8 ABULE - -

Abbreviations: BD: base-down; BO: base-out; BU: base-up; LE: left eye.

The near point of convergence (NPC) was broken at 11 cm and recovered at 15 cm;
both positive and negative fusional vergences were diminished in near vision. During the
accommodation assessment, unequal accommodation was observed between both eyes,
obtaining values below the norm in the RE and normal in the LE, with problems in the RE
to lighten both positive and negative lenses, as well as a fluctuating value in the monocular
estimation method (MEM) retinoscopy in the RE.

The patient had poor fixation in both eyes. Both the follow-ups and saccades were
evaluated using the Northern State University College of Optometry (NSUCO) test. During
the follow-ups, the patient presented large jumps and refixations. In addition, in the
evaluation of saccadic movements, hypo- and hyper-refixations and greater imprecision
movements with RE were observed.

The visual field of the RE (Figure 1A) showed a cloverleaf pattern, indicating a nonor-
ganic visual field loss. In this case, the fixation and accommodation problems that the
patient presented were likely the reason why the performance of this test was incorrect.

The patient had an unconjugated visual system, with greater difficulty in fusion
of both eyes’ images in certain gaze positions due to the vertical component. She also
exhibited reduced vergences, the problem being greater with convergence in near vision.
Furthermore, unequal accommodation was noted between both eyes, with accommodative
infacility and great difficulties in clearing both negative and positive lenses with the RE.
Finally, fixation, pursuit, and saccadic movements were outside the normal range for
her age.

Therefore, the patient presented fusional vergence dysfunction, accommodative in-
facility, and ocular motility dysfunction. The diagnosis of fusional vergence dysfunction
is based on the reduced ability to diverge and converge, and accommodative infacility is
based on the difficulty in stimulating and relaxing accommodation.

It was recommended that the patient start a visual therapy program, which is a set of
vision therapy sessions designed to improve the functional skills involved in visual efficacy
and to reduce symptoms. The use of a book stand was also suggested both at home and
at school to allow the patient to place reading material in the visual field where she did
not manifest as much difficulty in fusion. For this reason, it was recommended that she
stand in a central area in the classroom so that the blackboard or screen was in the place
where she had the best vision. The refraction prescription was delayed due to the patient’s
accommodation problems. The vertical prism prescription was dismissed in this initial
moment due to the inconcomitancy of deviation.

2.2. Treatment Timeline and Therapeutic Interventions

An 18-session vision therapy program was carried out at the university clinic for 1 h
per week, complemented by exercises performed by the patient at home for approximately
15 min per day.

During the therapy program, the sequence was as follows: monocular, biocular and
binocular, and the integration of visual skills. During the different phases, accommodative,
vergences, motility, anti-suppression, eye-hand coordination, and peripheral vision exer-
cises were performed. The detailed protocol can be found in the Supplementary Material.

3. Follow-Up and Outcomes

Throughout the course of therapy, the main symptoms shown were diplopia and
blurriness, more predominantly on the right side. The patient also had serious problems
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when performing saccadic jumps from left to right and vice versa. During the vision
therapy sessions, the patient had great difficulty correctly locating objects in space with
her RE but not with her LE; therefore, activities to improve this ability had to be included
during rehabilitation.

When accommodation improvement was achieved in both eyes, the patient was
prescribed RE: +1.50 D — 0.50 D x 5° with VA of 20/16 and in the LE: +1.50 D with a VA of
20/16. Following this, she observed that her symptoms diminished.

After the vision therapy program, the patient’s symptoms disappeared; she did not
report headaches, eyestrain, or pain and did not notice a decrease in the visual field
(Figure 1C,D). The problem of fixation that the patient presented, as well as the blurriness
that she reported, especially in the RE, would be related to the abnormal data that appeared
in the first campimetry (Figure 1A). She was very comfortable with the current prescription,
which she found to be better than being without glasses. A new assessment was performed
at that time (Table 1), in which the cover test showed orthophoria in the primary position
of far and near gaze. However, with Maddox, esophoria and hyperphoria of the RE were
still observed. In the Worth test, the patient reported fusion at far vision and near vision. In
the Random Dot 2-S Stereopsis test, 30 s of arc were obtained. The visual skills involved in
visual efficacy were at a correct level, and the test values were within normal limits for her
age. Ocular motility was normalised in fixation, saccadic, and tracking, as well as the values
of the NPC and vergential ranges. However, there was still difficulty in the divergence with
the vergence facility test. For accommodation, there was slight difficulty with negative
lenses both in binocular and monocular vision and in positive relative accommodation
(PRA). The amplitude of accommodation (AA) continued to be unequal between both eyes,
with lower values than those she presented before the therapy started. When assessing the
accommodative response, an accommodative delay was found, but on this occasion, the
fluctuation that it exhibited in the first assessment was not observed.

4. Discussion

Although visual symptoms are very common in mTBIs, optometric examination is
usually not included in the visual assessment protocol for this type of patient. Sheman
et al. [15] carried out a study with adolescents to evaluate the sensitivity and specificity of
physician-administered screening for detecting convergence and accommodative disorders
post-concussion. They found that when only the NPC, the AA, and a questionnaire of
symptoms were completed, a high number of false positives were obtained. This could be
avoided if a complete optometric examination was carried out, which should include tests
to assess vergence, accommodation, and ocular motility.

In that same study, a high percentage of patients with post-concussion symptoms (70%)
had at least one oculomotor diagnosis, such as vergence dysfunction (60%), accommodation
disorders (56%), accommodative insufficiency (35%), and convergence insufficiency (34%);
47% of participants had more than one oculomotor diagnosis after concussion [15]. In a
population of people younger than 21 years old, Raghuram found that 89% of patients with
post-concussion symptoms had a remote NPC, 95% of them had an oculomotor problem,
84% presented with accommodation problems, and 54% had vergence dysfunction [16].
Others have found high binocular vision rates and accommodation and ocular motility
disorders in both adults and children with persistent symptoms after an mTBI [15]. Fur-
thermore, NPC measured within the first 14 days after a concussion appears to be related
to increased symptoms (headaches, dizziness, or blurred vision) and prolonged recovery
beyond 28 days post-concussion [17].

Studies have compared vergences and accommodation dynamics between patients
with an mTBI and a control group. Several authors have found that patients with an mTBI
had a slower maximum velocity for convergence than controls [18,19]. In the study by
Green et al. [20], all mTBI subjects who reported objectively-assessed monocular accom-
modative responses with the WAM-5500 open-field infrared autorefractor (Grand Seiko;
Hiroshima, Japan) had responses which were slower and more variable over time compared
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to those in the control group. According to Ciuffreda [10], vergence and accommodation
dynamics, in terms of latency and response time, are abnormal in individuals with an mTBL
Szymanowicz et al. [18] found that in the mTBI group, the convergence and divergence
responses were more variable and slower, and the vergence latency was greater, compared
to the control group.

Fusional vergence dysfunction is typically characterized by having phorias that fall
within the normal range, as well as reduced positive and negative fusional vergence [14].
However, in this patient, the esophoria was significant in both near and far vision, in addi-
tion to obtaining a distant NPC. Numerous studies indicate that this finding is common in
patients with a concussion [15,16,21,22]. However, in this case, as some authors indicate, ob-
taining a remote NPC is not synonymous with convergence insufficiency [16,23]. According
to our clinical experience, fusional vergence dysfunction is usually milder than that found
in this case. It is important to note the incomitant vertical deviation that was observed
with the red filter. Regarding accommodation, although the diagnosis was accommodative
infacility, the patient exhibited unequal accommodation between both eyes, with an AA,
monocular accommodative facility, and MEM altered in the RE, with problems in clearing
both positive and negative lenses.

Alvarez et al. [24] compared various parameters (symptoms, clinical examination
findings, and convergence and divergence objective measurements) between a group of
children with typical convergence insufficiency, another group with convergence insuf-
ficiency and persistent post-concussion symptoms, and a control group, suggesting that
post-concussion convergence insufficiency could be a different entity from typical conver-
gence insufficiency and not a more severe form of convergence insufficiency. The authors
suggested that diagnostic protocols for typical convergence insufficiency might not be
suitable for patients who have experienced an mTBI. Different authors suggest that certain
parameters, such as pupillary diameter, vergence, and accommodation dynamics, or maxi-
mum eye movement speed, can serve as potentially non-invasive physiological biomarkers
for an mTBI/concussion [10,24-26].

Wiecek [23], who also found possible differences between typical binocular vision dis-
orders and accommodation and those seen after an mTBI, obtained paradoxical outcomes
when analysing data on the most frequent accommodative dysfunctions after concussion.
Of the patients who failed the vergence flexibility test (50%), the majority had more difficulty
clearing positive lenses (relaxing accommodation), but in turn, the most frequent finding
was a reduced AA (54.3%), which would indicate difficulty in accommodation. Our patient
had the same experience, with the exception that it was only in the RE. These values would
not fit with those usually found for convergence insufficiency or accommodative infacility.

In our case, the results derived in the initial evaluation in terms of vergences and ac-
commodation are not the usual ones that could be expected in a case of typical binocular or
accommodative dysfunction. Thus, for other binocular and accommodative dysfunctions,
the diagnostic and treatment protocols may not be the same in patients with brain damage.
In addition, our patient failed to normalise certain binocular and accommodative parame-
ters, which may be related to the appearance of the binocular and accommodative vision
dysfunctions associated with an acute head injury, which were not neurodevelopmental in
nature. It would hence be necessary to know what the specific treatment would be for this
type of condition, both in children and adults. Although studies are emerging on mTBI
vision therapy treatment [18,27,28], there is little scientific evidence for persistent visual
symptom treatment following an mTBI with other techniques, such as binasal occlusion,
yoked prisms, vertical prisms and filters, and vestibular training [12].

There are studies suggesting that the same vergence and accommodation therapy
could be used for both typical and post-mTBI accommodative insufficiency, but there is no
research confirming the efficacy of this or any other therapeutic intervention to improve
binocular function in patients with post-mTBI convergence insufficiency [13,29].

Some authors, based on the differences in the vergence and accommodation dynamics
between patients with binocular and accommodative dysfunctions who have or have not
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suffered from an mTBI, consider it necessary to use smooth and step vergence procedures
during treatment to rehabilitate both the fast component and the slow component of these
visual skills [10,14,30].

An object is not usually fixed in a stable way. Motor responses in the natural environ-
ment include saccadic, tracking and vergence eye movements, in addition to accommoda-
tion involvement. Whether due to the observer movement, the environment, or because
the subject tries to focus on an object at a different distance, a vergence (which is usually
not symmetrical for both eyes) and accommodation combination must occur during the
pursuit of motor responses and saccades that allow us to quickly fixate and focus on targets
in our natural 3D visual environment [31]. Therefore, to integrate the different visual
skills, exercises that combine vergence procedures with versions and saccades should be
performed in the final phases of therapy [14].

5. Conclusions

After an mTB], it is necessary to carry out a complete examination of the patient’s visual
function. This visual examination must include an analysis of vergences, ocular motility,
and the accommodative system to obtain an accurate diagnosis. Optometric vision therapy
is an effective treatment option to eliminate visual symptoms and improve performance in
daily living tasks. A vision therapy program consists of a series of personalised exercises
whose purpose is to improve the different visual abilities of the patient to obtain single,
neat, comfortable, and efficient vision.
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