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Abstract
Purpose of review Currently, a lack of guidelines exists regarding best practices for occupational therapists (OTs) in the treatment
and evaluation of oculomotor dysfunction following traumatic brain injury (TBI). Furthermore, individuals with TBI would
benefit significantly from collaboration between OTs and optometrists during inpatient rehab.
Recent findings Although few articles examine interdisciplinary models of inpatient rehab care that include optometry, a recent
pilot study is explored. Emerging evidence from the field of optometry supports the use of restorative approaches for oculomotor
impairment in mild TBI; however, cases with moderate to severe TBI are not addressed.
Summary We describe an interdisciplinary approach involving collaboration between optometry and occupational therapy,
yielding a comprehensive model to effectively evaluate and treat oculomotor impairments in those with TBI and facilitate
improved performance in daily activities. We also provide guidelines useful for OTs working in settings where collaboration
with optometry is not feasible.
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Introduction

Individuals who have experienced traumatic brain injury
(TBI) are prone to visual impairment. The visual pathways
are extensive and complicated, beginning with the anterior
structures of the eye and continuing through the frontal and
posterior cortices of the brain [1, 2]. Given the vastness of the
visual system, it is estimated that up to 90% of individuals
experience visual deficits following TBI [3, 4]. The preva-
lence of specific visual impairment varies. Approximately
46% of TBI survivors experience visual field deficits, 40–

48% have convergence insufficiencies, 31–47% have accom-
modative insufficiencies, 6–9% have diplopia, and 10–30%
have oculomotor deficits, [5, 6]. Even a mild TBI (mTBI) can
result in long-term visual deficits, including photosensitivity,
difficulty reading, headaches, and eye strain [7]. Any visual
impairment sustained from TBI can impact an individual's
ability to resume valued occupations [8, 9] and must be ad-
dressed by the rehab team.

According to the visual-perceptual hierarchy proposed by
Mary Warren [10], effective vision allows us to make deci-
sions about, and adapt to, our environment. This hierarchy
describes a complex process in which the oculomotor system,
visual acuity, and visual fields create the foundation. When
damage to the oculomotor system occurs, patients are unable
to fixate images on their fovea. The fovea is the central portion
of the retina and contains the highest number of cone cells,
allowing for detailed vision and color vision [11]. Humans
rely on foveation for detailed tasks such as reading, identify-
ing subtle contrasts in facial expressions, and visually identi-
fying changes in walking surfaces. Damage to the fovea
causes visual distortion and impairs higher levels of vision.
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This in turn impairs visual attention, scanning, pattern recog-
nition, visual memory, and most importantly visuocognition,
or the ability to use visual input to effectively make decisions
and adapt to one's environment [10]. Impairments in oculo-
motor function can lead to a decreased ability to engage in
activities of daily living, increased pain and discomfort during
daily tasks, and an increased risk of falls [12•]. Identifying
oculomotor dysfunction is especially complicated in the TBI
population where cognitive impairment confounds the
picture.

Although interruptions in the visual pathway are common
following brain injury, occupational therapists (OTs) often
feel unprepared or under-resourced when addressing these
concerns [13], and even fewer feel prepared to specifically
address oculomotor impairment [14••]. This is exacerbated
by the lack of robust research and guidelines for treating these
impairments [12•, 15, 16]. We hope to provide clinicians with
improved tools for understanding their role in identifying and
addressing oculomotor impairment following TBI.

What is the role of the interdisciplinary team
in the evaluation of visual deficits?

Proper observation of oculomotor function and subsequent
intervention is essential for TBI survivors. In a typical medical
model, OTs are often the first to screen TBI patients for visual
impairment in the acute or subacute hospital setting, to ask for
referrals to neuro-ophthalmology and optometry when appli-
cable, and to provide interventions [17]. Unfortunately, many
hospital systems do not provide clear referral pathways. Some
providers rely on guidelines that recommend having a patient
wait at least six months before receiving care from an optom-
etrist to allow for time-based resolution of symptoms, while
others start care immediately [18••]. Although it is possible for
many oculomotor impairments to resolve naturally, it can be
frustrating for patients who cannot put their life or recovery on
pause, or for those who do not experience time-based symp-
tom resolution.

Occupational therapists should use reliable and validated
vision-screening tools to evaluate acute or subacute TBI pa-
tients, but few such tools exist. Ideally, when new tools are
needed, they should be developed with the aid of an interdis-
ciplinary team [19]; however, this is uncommon in practice.
Vision screens need to assess eye alignment, convergence,
saccades, smooth pursuits, visual fields, distance, intermedi-
ate, and near acuity, and contrast sensitivity [17, 19]. One
existing tool currently underutilized by OTs is the Brain
Injury Visual Assessment Battery for Adults (biVABA),
which assists the evaluation and treatment of functional visual
impairments [20, 21]. The biVABA contains a number of
validated and reliable subtests for those with TBI. These sub-
tests address visual acuity, contrast sensitivity, visual field,

visual attention, eye dominance, diplopia testing, pupillary
response, and binocular eye movements. They should be
paired with functional observations of the patient to create a
more holistic evaluation and to aid in intervention planning
[17].

All vision assessments should also pair functional observa-
tion with patient-centered complaints, utilizing a “look and
listen” approach [17]. Behaviors indicative of visual impair-
ment include consistently tilting the head while viewing ob-
jects, shutting one eye or squinting during activities, excessive
blinking, complaints of eye fatigue or headache, agitation, low
frustration tolerance, sensitivity to light, reports of swirling or
moving print, and eyes turning in or out when viewing objects
[22]. The practitioner must ask the patient or family member
explicit questions regarding changes in a patient’s visual
symptoms as patients often under-report visual impairments
without pointed questions [23]. The Brain Injury Vision
Symptom Survey (BIVSS) is a validated and reliable tool that
clinicians can quickly administer to identify any visual symp-
toms a patient may be experiencing [24]. Unfortunately, there
is a lack of occupation- or performance-based assessments
that have good validity or reliability for the evaluation of
functional vision impairments. One study found that the num-
ber of visual impairments identified by the OT correlated to
the number of functional impairments in the patient, demon-
strating the importance of occupation-based observations
[19].

The cognitive demands of standardized vision tests, specif-
ically sustained attention, are often too challenging for a TBI
survivor to complete, further complicating the picture [17].
Occupational therapists are experts in activity analysis and
understand both the visual and cognitive demands associated
with tasks. They should therefore work closely with optome-
trists to help determine acceptable modifications for vision
tests. For example, a high-contrast distance acuity test may
be successfully completed by a patient with aphasia through
the use of forced-choice questions, or a patient with neglect
may benefit from having a visual anchor placed on the chart
[25].

It is important to obtain an ocular history during the visual
screen, including if a patient wore corrective lens prior to their
injury and how current their corrective lens prescription is
[17]. The patient may have lenses that correct for pre-
existing oculomotor impairments such as presbyopia or stra-
bismus, and without the appropriate eyewear, false positives
for oculomotor dysfunction may occur. Patients and families
need to be educated and encouraged to bring in appropriate
eyewear for the hospital stay [26]. Even an uncorrected visual
acuity of 20/40 can negatively impact neuropsychological
testing, and potentially indicate a cognitive impairment when
the test results are actually due to a visual impairment [27]. In
addition, TBI survivors often complain that their recent pre-
scriptive lens no longer “work” or are blurry. An optometry
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evaluation is warranted to determine the cause and treatment.
One study found that 18 to 31% of patients required adjust-
ments in their refraction for glasses following acquired brain
injury, and in some cases, completely resolved the visual com-
plaints [28]. An oculomotor impairment may also be present if
a disparity between the patient’s near acuity and distance acu-
ity is observed, and a referral to optometry or ophthalmology
should be sought [17]. These situations highlight the need for
a team approach that includes optometry.

Occupational therapists should provide
occupation-based interventions rather than
restorative vision exercises

Currently, limited research supports the use of vision therapy
following TBI [12•] [16•]. However, much more research is
being conducted. A survey conducted in 2019 found that 86%
of vision therapy studies were conducted in the past five years
[16•]. To date, optometrists have completed most of the re-
search regarding the treatment of oculomotor dysfunction in
TBI survivors [16•]. However, few have utilized an interdis-
ciplinary approach, limiting the generalizability of these stud-
ies to most inpatient rehab settings.

Typically, optometry completes a thorough vision evalua-
tion and prescribes appropriate visual exercises for the patient.
The vision exercises are often conducted by OTs under the
supervision of the optometrist and can include Brock String,
Hart Accommodation Charts, and eye push-ups [28].
Although some OTs have utilized this model without consul-
tation with optometrists, caution should be taken as this is
outside the domain of occupational therapy [29]. As highlight-
ed by the American Occupational Therapy Association’s
(AOTA) Occupational Therapy Code of Ethics, OTs must
be mindful of the tenets of professional integrity, responsibil-
ity, and accountability, which emphasize the importance of
being aware of one’s own role and that of other professionals
when creating an effective team [30]. Optometrists are experts
in addressing binocular vision. This area of practice is com-
plicated. We advise OTs to work closely with optometrists
and strongly advocate for optometrists’ involvement in the
TBI team. OTs should only provide occupation-based inter-
ventions to address functional vision rather than visual exer-
cises [15].

Effective vision therapy typically requires four to twelve
weeks to complete with an average of 30 to 60min per session
[12•]. This intensity can only be readily incorporated into OT
sessions if functional activities are utilized rather than strict
vision exercises to ensure that occupation-based goals are met.
This is possible if optometrists and OTs work together to
translate patient-specific needs into functional programs; for
example, to address convergence or accommodation deficits,

a patient could look at a wall calendar and copy appointments
onto a piece of paper [14••, 19].

Evaluation for refractive errors and prescription of devices
for oculomotor dysfunction by optometry is a crucial compo-
nent of treatment following TBI that involves vision loss. One
study [31] found that 78% of patients post-concussion had
changes in their refraction and that 31% had resolution of
visual symptoms with new prescriptive glasses alone.
Without current and accurate corrective lenses, vision exer-
cises are a waste of therapy time, frustrating for patients, and
can cause headaches, fatigue, and mistrust in the clinician.

What compensatory methods can improve
functional vision following oculomotor
impairment?

Although most oculomotor impairments from TBI resolve with-
out intervention within six months [32], patients experience vi-
sual challenges in the interim that limit their daily performance
and negatively impact their rehabilitation potential. There are
many compensatory interventions that OTs can provide to im-
prove patients’ abilities to engage in daily activities. It is estimat-
ed that 80% of OTs utilize some compensatory techniques when
providing intervention for oculomotor deficits [33]. Many of
these compensatory techniques originate in low vision rehabili-
tation and can be effective for symptom management and in-
creasing functional vision for those with TBIs as well.

Partial occlusion is a quick and easy option for managing
diplopia without the negative impact associated with full oc-
clusion. Ideally, partial occlusion uses the least amount of
opaque tape necessary to block binocular input. Tape is typi-
cally placed on the lens of the patient’s glasses over the non-
dominant eye, either using a nasal- or spot-taping pattern [34].
This is preferable to full occlusion because full occlusion in-
creases a patient’s risk of falls by blocking peripheral vision
during dynamic tasks, and impairs depth perception, or stere-
opsis, during daily tasks [17, 35]. More recent findings further
indicate that full occlusion can increase the risk of new spatial
neglect from the Sprague Effect [21].

There are also many environmental compensatory techniques
for improving vision following TBI that OTs can utilize.
Lighting sourcesmay bemodified tominimize glare by adjusting
the direction or quality of the light [36]. This includes having
patients wear wide-brimmed hats when outdoors, dimming elec-
tronic screens, and being cognizant of direct lighting sources
such as windows or indirect lighting sources such as glossy
finishes on furniture. Overhead fluorescent lighting should gen-
erally be avoided. The intensity of the light and the strobing effect
are often too harsh for those with TBI and can cause discomfort
and headaches [37]. It is, however, important to mention that
lighting preferences are often personal. Whenever possible, ther-
apists should ask the client if direct or indirect sources of lighting
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are causing discomfort [36]. Colored glare filters can also be used
to increase a patient's comfort. Approximately 76% of individ-
uals with mTBI had photophobia, and 85% of these individuals
experienced relief when using one or more colored glare filters
[37]. Although glare filter color preferences are individualized,
one study found that green, blue, red, and purple glare filters are
the most popular for symptom mitigation [37].

In general, while TBI patients may prefer softer light, they still
need appropriate task lighting to maximize their visual potential.
When task lighting is of the optimal brightness and temperature,
and is positioned to prevent glare or shadows, it maximizes the
contrast of the target object. This essentially magnifies the text
and makes it appear clearer [38]. As with glare filters, optimal
lighting preferences are individualized. The Lux IQ™ is a simple
lighting assessment tool that provides practical and objective
recommendations for an individual’s lighting needs. Other ways
to decrease the visual burden include increasing the contrast of
everyday objects. Simple changes such as having a patient use a
white cup when pouring black coffee or placing a contrasting,
colored seat cover on a black wheelchair will decrease problems
resulting from oculomotor dysfunction such as impaired depth
perception or blurred vision.

A primary function of oculomotor control is accommoda-
tion, or the ability to focus the eyes on near objects and tasks.
This process requires a complex integration of vergence of the
eyes, thickening of the lens, and pupillary constriction [39].
Near vision tasks such as reading are especially difficult when
accommodative dysfunction is present. Enlarging text reduces
the amount of oculomotor control a patient must use to fixate
the object on their fovea and lessens the visual burden [17].
Again, interventions should be individualized to a patient’s
specific needs. The MNRead, a functional reading assessment
that determines a patient’s critical print size (the optimal text
size that can be read with ease and fluency), can be useful in
this context [40]. With this knowledge, appropriately sized
text can be used during functional activities.

Optimizing the visual environment is essential. Relative size
or relative distancemagnification can also be used to compensate
for decreased oculomotor control [41]. For example, a patient
may need to sit closer to their TV to watch the news or get a
larger TV to watch their favorite show. Optometrists must eval-
uate and prescribe the appropriate power, or diopters, of magni-
fication for optical devices like hand-held magnifiers, and ideally
collaboration with optometrists will be possible in all steps of the
rehabilitation process. When this is not feasible, OTs can inde-
pendently utilize non-optical magnification deviceswith patients.
These include readily available electronic devices including tab-
lets and smart phones. Numerous solutions are available to con-
sumers through built-in accessibility features or through the use
of magnification apps.

Humans rely heavily on visual input as it is the most effi-
cient way to obtain information about the environment. Even
when vision is severely impaired, humans will still attempt to

use their remaining vision [17]. Occasionally, however, pa-
tients need alternative ways to access print materials for ener-
gy conservation or due to significant visual impairment. It is
then appropriate to utilize auditory sources during daily activ-
ities such as optical character recognition (OCT) software or
audiobooks. Many free or low-cost apps like Seeing AI or the
National Federation of the Blind (NFB) Newsline can address
these needs.

Finally, when collaborationwith optometry is possible, anoth-
er common compensatory strategy for vergence issues is the use
of prisms. Vergence issues are common following TBI, and
prisms are the first line treatment to restore binocularity [42].
They are effective in treating 64% [43] to 80% [44] of patients
with strabismus. Optometrists must evaluate the patient and pre-
scribe the appropriate power and placement of the prism on the
lens. Fresnel press-on prisms are a common intervention for
diplopia management from cranial nerve palsies. Both the place-
ment on the lens and the power of the prism can be modified as
the extra-ocular eye control improves throughout recovery [45,
46], creating a cost-effective intervention which significantly im-
proves quality of life.

Conclusion

Despite the evidence, much of it recent, that underlies the
guidelines we present here, more research is still needed to
determine the best collaborative practices for OTs and optom-
etrists when addressing oculomotor deficits following TBI
[15]. A recent survey found that very few OTs currently use
evidence-based treatment for addressing oculomotor deficits
[14••], and fewer than 80% of OTs polled in an earlier survey
felt competent to manage such patients [47]. In addition, many
limitations exist in completed studies, including small sample
sizes, a lack of controls, and a lack of well-described patient
populations or interventions [16•]. One pilot study, a small,
randomized control trial, compared an oculomotor vision ex-
ercise protocol with an activity-based standard of care for
improving oculomotor function in patients with TBI [48••].
Both groups received an evaluation from an optometrist and
treatment from OTs. Both groups also made improvements
during their four-week intervention. Although this study is
promising, we advise OTs to proceed with caution as the
OTs involved in this study had frequent guidance from op-
tometry, worked with patients who had inpatient rehab stays
of at least four weeks, and presumably had expert content
knowledge to appropriately guide interventions. In addition,
optometry was able to evaluate prescriptive lens needs and
provide updated corrected lens when needed to the patients,
which is uncommon in many facilities. Further research is
necessary to determine if recovery was due to the natural
resolution of deficits over time or to intervention.
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Clinicians also need to consider that vision is intricately
intertwined with cognition, especially in patients with TBI. A
small number of rigorous studies support the use of restorative
practice and oculomotor-based vision therapies implemented by
optometrists for oculomotor impairments [49]. However, these
studies solely focus on mTBI; traditional vision therapies may
not be effective for individuals with moderate or severe TBIs
[49]. Up to 65% of individuals experience long-term cognitive
impairment following moderate to severe TBI [50]. The de-
creased efficacy of vision therapies in those with more severe
TBI may be due to a mismatch between the cognitive demands
of traditional vision exercises and the cognitive reserve that pa-
tients have post-TBI. Further research is needed to elicit the
impact of cognition on functional vision and best treatment
practices.

Unlike the motor system, neuroplasticity of the visual system
is highly dependent on function, context, and meaning [51].
Studies have shown that optimal neuroplasticity occurs during
context-based learning rather than rote exercise [52–54].
Functional contexts enhance neural connections and recovery
[52]. Furthermore, learning in one context may not always trans-
fer to another. For example, completing eye push-ups may not
translate to a patient’s ability to read the small print on amedicine
bottle. Current research supports the use of functional, context-
based approaches for improved cortical reorganization and out-
comes in motor relearning for TBI survivors [53•, 54], but has
rarely been applied to vision-based recovery, especially for those
withmore severe TBIs. Occupational therapists are well-suited to
further explore the importance of context-based and functional
approaches as they are experts in task analysis and regularly
address both vision and cognition during meaningful activities.
When the expertise of optometrists is paired with OTs, it seems
possible that improvements in functional vision will be realized
for a range of TBI survivors.

Furthermore, continued advocacy for the inclusion of op-
tometry in the inpatient neuro-rehabilitation team is necessary.
Keilty et al. [18••] piloted a model of care that overcamemany
of the barriers inpatient hospitals face regarding true interdis-
ciplinary collaboration with optometry. This pilot used a hy-
brid model where inpatient OTs screened patients for func-
tional vision impairments and consulted with an optometrist
via telemedicine. The optometrist and OT worked together to
select and modify appropriate vision tests, with the optome-
trist working remotely and the OT working with the patient in
person. The optometrist provided recommendations for the
OT to implement, including guided placement of Fresnel
prisms. This program resulted in a significant increase in ac-
cess to optometry care. Prisms were trialed with 49% of pa-
tients presenting with strabismus, and those patients had a
94% acceptance rate of the prism. Of note, this pilot began
before the COVID-19 pandemic and was extended into it,
demonstrating its adaptability in meeting patient and clinician
needs during trying times. We propose wider implementation

of such an approach to address patient needs creatively, quick-
ly, and effectively.

In summary, evaluating and treating visual dysfunction in the
TBI population is complicated and requires a team approach.
Brain injury rehabilitation needs to advocate for the inclusion
of optometry in the interdisciplinary team to provide comprehen-
sive care for TBI patients. Careful observation of functional be-
havior and explicit questions regarding a patient’s visual symp-
toms is necessary for evaluating functional vision. Although the
identification and treatment of visual deficits typically falls within
the domain of OT and optometry, the functional implications of
oculomotor dysfunction are pertinent to all healthcare profes-
sionals. It is important to be aware of one’s professional and
personal limits regarding the treatment of vision impairments
and to seek further education when appropriate. In general, oc-
cupational therapists should implement occupation-based inter-
ventions rather than restorative vision exercises to address post-
TBI oculomotor impairment. Compensatory strategies should
also be implemented to optimize functional vision. Novel care
delivery models can be an effective way to incorporate collabo-
ration between optometry and OT. Further research needs to be
completed to determine the relevance of context-based ap-
proaches for improving oculomotor dysfunction in a range of
TBI survivors, especially when using an interdisciplinary ap-
proach. Although there is still much to be learned in the treatment
of oculomotor impairment in those with TBI, there are many
existing strategies available to OTs working to improve the func-
tional vision in those with TBI, and emerging evidence strongly
suggests that increased collaboration with optometry will further
improve outcomes in this population.
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