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ABSTRACT

ARTICLE HISTORY

Introduction: Oculomotor (OM) functions may be affected by acquired brain injury (ABI). The ability to
benefit from rehabilitation or to perform daily activities may be affected by OM dysfunctions and
associated symptoms. The purpose of this study was to investigate the effects of vision therapy (VT) as
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part of neurorehabilitation after ABI.

Materials and Methods: The study included two groups of outpatients (median 49.5-52.0 years, range
27-67) admitted to neurorehabilitation due to moderate to severe ABI. One group received VT while the
other group served as controls to monitor the course of OM dysfunctions without VT.

Results: The intervention group showed significant improvements in convergence (Z = 2.26, p = .02),
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vergence facility (Z = —=2.16, p = .03) and vergence reserves (Z = —2.44, p < .01 and t = —4.47, DF = 15,
p < .01) along with a significant reduction in vision-related symptoms (Z = 2.97, p < .01).

Discussion: We conclude that OM issues were frequent and that targeted VT, as part of neurorehabil-
itation, can be an efficient treatment resulting in improved functions and reduced symptoms. Further
study will be required to understand how improved functions link to performance and satisfaction with

everyday activities.

Introduction

Vision can be viewed as a primary sense in many respects due to
its strong integration in continuous information gathering, com-
munication, orientation and ambulation. It involves extensive
networks of the brain (1) that may be affected by acquired brain
injury (ABI) through focal or diffuse lesions. Subsequent visual
dysfunctions and associated symptoms (2-7) may affect the
patient’s ability to benefit fully from rehabilitation or to perform
daily activities (8-13). A growing body of literature, including
a conceptual model suggested by the American Congress of
Rehabilitation Medicine’s (ACRM’s) Vision Task Force, raises
the importance of including assessment and intervention of
visual dysfunctions as part of neurorehabilitation (14-21).

Efficient visual function essentially depends on visual acuity
(resolution of detail), visual field (visual overview), and also
oculomotor functions. Oculomotor functions are crucial in the
acquisition of visual information both in terms of detail and
overview; pointing the two eyes, the gaze, toward visual targets
allow visual images to be projected onto the central retina
where resolution of detail is the highest. Moving the gaze also
expands the functional visual field which may be of particular
relevance in the event of visual field defects. Motor coordina-
tion of the eyes, eye teaming, is essential for maintaining clear,
single and comfortable vision at near and far and enables depth
perception among other two-eyed advantages.

The symptoms of oculomotor dysfunctions may include
eye strain, blurred or double vision, photophobia, abnormal

fatigue, headaches, difficulties with near work such as read-
ing, dizziness, abnormal postural adaptation and pain in or
around the eyes (American Optometric Association, AOA.
org). It has been demonstrated that vision therapy (VT) can
be an effective treatment for visuomotor issues such as eye
movement disorders, eye teaming issues, focusing problems
and visual-motor integration (22-24). VT consists of neuro-
sensory and neuromuscular activities that are individually
prescribed and monitored and intended to rehabilitate and
enhance visual skills and processing (AOA.org). A VT pro-
gram is based on the results of a thorough vision examina-
tion and considers the results of clinical tests and the
patient’s signs and symptoms. VT may include the use of
lenses, prisms, filters, computer programs and free-space
techniques. The activities may be performed in-office and/
or at home but require supervision and monitoring. Reviews
of current research have found promising results regarding
interventions for visuomotor dysfunctions after ABI, how-
ever, there has also been identified a need for additional
research that quantifies the functional outcomes (25-27).

The purpose of this study was to investigate the effects of VT
as part of neurorehabilitation after acquired brain injury. Two
groups of outpatients from the same clinic but from geogra-
phically separated units were included. One group received VT
for their oculomotor dysfunctions while the other group served
as controls in order to monitor the course of oculomotor
dysfunctions without VT.
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Materials and methods

The study was carried out as an analytical interventional study
in an outpatient setting. The patients were recruited from
a regional rehabilitation clinic consisting of two units with
separate catchment areas; north and south part of the region.
The patients had been referred from caregivers in the region
for evaluation of rehabilitation needs. Irrespective of catch-
ment area all admitted patients had to pass the same diagnostic
criteria and a common structured assessment. To qualify for
a rehabilitation program, the patient had to be medically stable
and in need of rehabilitation based on the assessment program.
The assessment included medical, cognitive and psychological
status as well as activity/occupational limitations. Based on this
assessment an individual rehabilitation program was formed
with a mean duration of eight weeks with three to four days per
week spent in the clinic.

Inclusion criteria were (1) adult patients aged 18-65 years who
had suffered a moderate to severe acquired brain injury in adult-
hood and (2) persistent disability corresponding to grade 4-7 on
the Glasgow Outcome Scale Extended (GOSE). The main diag-
noses included stroke, traumatic brain injury (TBI), sub-arachnoid
haemorrhage (SAH), infection, tumour and hypoxia. Exclusion
criteria were cognitive disabilities not related to the current brain
injury, ongoing drug abuse, or extensive aphasia.

Patients admitted to the south unit were assigned to the inter-
vention group that received VT in addition to customary neuror-
ehabilitation (Figure 1). Patients admitted to the north unit served
as controls and received customary rehabilitation but no VT.

The patients were invited to participate in the study upon
admittance to the rehabilitation program. Verbal and written
information about the study were provided and the patient was
asked to give written consent if accepting to participate. The
study adhered to the tenets of the Declaration of Helsinki and
was approved by the regional ethics board.

Statistical power was calculated based on preliminary obser-
vations using the program G*Power (www.psychologie.hhu.
de). The calculation was based on four of the oculomotor
outcome variables and indicated a sample size of 17-24 to
achieve a statistical power of 0.80 (1-p). To account for drop-
outs and difficulty to predict dispersion in collected data it was
decided to aim for 40 patients in each group. Analysis of results
was performed with IBM SPSS Statistics 26 and Originlab
Origin 2017. Distribution-tests were performed with Chi-
square or Fisher Exact and for pairwise analysis the Wilcoxon
signed rank or Student’s t-test were applied. The Mann-
Whitney U test was used for non-pairwise tests.

The visual examination was performed by a licensed optome-
trist and it took place at the clinic within 1-2 weeks of admittance
and discharge respectively. The duration of an examination was
maximum one hour and included; estimation of symptoms at near
work using the Convergence Insufficiency Symptom Survey
(CISS) (28), visual acuity, refractive error, accommodation, stereo-
vision (TNO), eye motility, and eye teaming (cover test, near point
of convergence, vergence facility, vergence reserves) (Table 1).
Near point of accommodation (push-up) was measured (average
of three repeated measures) with an R.A.F. near point rule (Haag-
Streit, UK) using the fourth line on the near chart target.
Accommodative facility was measured with a spherical flipper +
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Figure 1. Flowchart showing the study procedure.

2 diopters during one minute using the numbers on the back of
a Lang fixation stick as target (test distance 30 cm). Near point of
convergence (pushup) was measured (average of three repeated
measures) with the R.AF. rule using the convergence fixation
target. The primary judgment for break was subjective reporting
of diplopia, however the examiner also observed for eye deviation.
In the event of no subjective diplopia the point of eye turn was
noted. Vergence facility was measured with a Vergence Facility
Prism (12D Base-Out/3D Base-In) during one minute using
a symbol on the Lang fixation stick as target (test distance
40 cm). A cover test was performed to detect and measure hetero-
tropia followed by an alternating prism cover test (prism bar) to
measure heterophoria. Vergence reserves, divergent and conver-
gent, were measured with prism bar step vergence using a symbol
on the Lang fixation stick as near target and a small fixation light as
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Table 1. A summary of the visual functions, how an impairment may manifest itself and the associated typical symptoms.

Visual function Type of impairment

Criteria Typical symptoms

Visual acuity
along visual pathways
Partial or complete loss of peripheral vision due to
lesions along the visual pathways

Visual field

Gaze Conjugate (version)
eye movements, both
eyes move in the same
direction

Eye teaming:

Eye alignment

Impaired ability to track moving objects smoothly
(pursuit), to move one’s eyes rapidly from one
object to another (saccades), or to maintain one’s
eyes on an object (fixation)

Strabism or decompensating heterophoria

Convergence Dis-
conjugate (vergence)
eye movements for
near viewing

Defective near point

Infacility (reduced flexibility)

Vergence reserves Dis-
conjugate motor
reserves for
maintaining eye
alignment

Focusing:

Accommodation
Adjustment of the
eye’s refractive power
for near viewing

Below minimum expected amplitudes of vergence
reserve width

Defective amplitude (near point)

Infacility (reduced flexibility)

Uncorrected refractive error, amblyopia, or a lesion Visual acuity less than decimal 1.0 Constant blurred vision or fluctuating clarity at

distance viewing
Difficulties with visual overview and ambulation.
Indirect effects on the efficiency of
oculomotor functions (gaze and eye teaming)

As diagnosed at the
ophthalmologist’s office, mainly
via Humphrey Visual Field
Analyzer

Clinical assessment Reading-related issues; slow, loss of place, mis-

readings. Dizziness or disequilibrium.

Clinical assessment with covertest Constant or intermittent double vision, eye
strain, headache
Issues at near, e.g. reading; intermittent double

vision, eye strain, headache.

Near point > 10 cm

< 11 cpm with 3 pd BI/12 pd BO
prism flipper (pre-presbyope,
age < 40)
< 7 cpm with 3 pd BI/12 pd BO
prism flipper (presbyope, age >
40)
Width at distance viewing < 19

Lagging clarity of vision when altering focus
between near and far. Headaches and
eyestrain in dynamic situations such as social
interaction and meetings

Eye strain, headache, intermittently blurred or

Accommodative amplitude (D)
less than minimum expected

<4.5 cpm with age- appropriate
lens power(+1 D to 2 D lens

prismdiopters (pd)
At near viewing < 27 pd

double vision, floating words, apparent
movement of fixated object, straining to
maintain eye contact

Difficulty to achieve and maintain focus at near,
eye strain.
according to the Hofstetter
formula (15-1/4 age).
Lagging clarity of vision when switching focus
between near and far.
flipper).

distance target. The primary judgment for break was subjective
reporting of diplopia, however the examiner also observed for eye
deviation. In a limited number of patients, it was difficult to judge
the break point and in these cases the target was switched to a small
LED light source (diameter 5 mm). The patient then wore Bagolini
glasses and was instructed to report when the percept changed
from four diagonal rays emitting from the light source to only two
(diagonally). The criteria for subnormal visual functions were
derived from the literature (29-35). Visual field defects were
diagnosed at the ophthalmologist’s office, mainly via Humphrey
Visual Field Analyzer, prior to attending the visual examination.

In addition to the clinical examination, eye movements were
recorded with eye tracking during tests of saccades (fast gaze
shifts), smooth pursuit (smooth, tracking eye movements) and
fixation (gaze stability). This will be presented in a separate report.

The patients in the intervention group were part of a larger
descriptive cross-sectional study (in review) focusing on visual
symptoms and its association with visual functions.

Both the intervention group and the controls went through
the vision examination. For the control group the clinical
findings were documented but no VT was initiated. In this
group, the patients as well as responsible clinicians were
restricted from information about the findings. After comple-
tion of study participation however, information was provided
and the patient offered VT in a supervised home-based setting
in case of remaining clinical signs and symptoms.

The intervention group received VT intended to specifically
target the dysfunctions found. It was performed three times
a week in clinic, under the supervision of an occupational
therapist trained in VT. On average, four exercises for an
efficient total time of 60 minutes per week, were performed.
The VT program started with eye teaming exercises and then
progressed with gaze-related exercises. Eye teaming exercises
were only performed if it had been confirmed that the patient
possessed binocular vision, i.e. benefitted from a simultaneous
and unified percept from both eyes. This was confirmed with
a stereovision test. The typical duration of an exercise was three
times 30-60 seconds. The eye teaming exercises were per-
formed using Brocks string, pencil push-ups, Hart charts, and
Eccentric circles. Accommodative exercises were performed
with spherical flippers (+1 or +2 diopters).

Brocks string was performed with a 1-meter string and 3 beads.
The patient wore reading glasses if needed. The exercise started
with an explanation of the concept and a demonstration with only
one bead to ensure that the patient could perceive the crossed lines
due to physiologic diplopia. If the patient found it difficult to
understand the concept the demonstration was supplemented
with an instructional video. When starting the exercise, the posi-
tion of the nearest bead was decided by finding the nearest point at
which the patient could maintain single vision. The second and
third beads were then positioned approximately 20 cm apart. It
was emphasized to achieve correct focus on each bead before



4 J. JOHANSSON ET AL.

switching focus to the next. The goal was to maintain correct focus
on each bead for 10 seconds before switching and to bring the
nearest bead to 10 cm from the eyes.

In the Pencil push-up exercise the patient controlled the pen
and was instructed to bring it at a steady pace toward the nose
from slightly below. The patient was encouraged to bring it as close
as possible while maintaining single vision. Once diplopia
occurred the instruction was to slowly back out again while trying
to regain single vision. In the initial phase the therapist observed
the eyes of the patient and provided feedback to maintain fixation
on the pen if necessary. The goal was to bring the pen to 6-10 cm
from the eyes while maintaining single vision.

Hart charts were used to train vergence and accommodative
facility. The patient was instructed to read one line of letters on
the near chart, then swiftly alter focus to the distance chart and
read one line of letters, then back to the near chart and read the
next line, and so on. It was emphasized that the patient should
strive to achieve single clear vision as soon as possible after
switching focus from one chart to the other. The overall goal
was to complete the exercise in approximately one minute.

Eccentric circles were used to train positive vergence reserves at
distance. The circles (outer diameter 20 cm, printed on A4-sheets)
were positioned on a wall, at eye level, approximately 3 meters
from the eyes of the patient. The patient was encouraged to over-
converge the eyes slightly (demonstrated by the therapist) in order
to perceive a third, centred, set of circles and to see the word “clear”
clearly. As the therapy progressed the patient was also encouraged
to try to perceive the sense of depth in the imaginary third set of
circles. If the patient had difficulties over-converging the eyes
voluntarily the therapist demonstrated how to use his/her own
thumb as fixation support. The goal was to maintain correct focus
for 10 seconds for 10 repetitions.

Table 2. Demographics.

The methods are described further in detail elsewhere (32).
All exercises were performed seated initially and further on in
standing position, provided that it could be done safely with
respect to postural stability.

Gaze issues were targeted with free-space saccadic, fixation and
pursuit exercises. The saccadic exercises consisted of small and
large amplitude tasks with distinct visual targets either at reading
distance (letters on a Hart chart) or at 2-3-meter (letters on post-it
notes at eye level). Initially the exercise was performed at own pace
with accuracy as the priority. Further on the pace was increased
stepwise and a metronome used as support to keep the pace. In the
pursuit exercises the patient moved a handheld stick with a distinct
visual target in a pattern at eye level. Initially it was done at own
pace and further on the target was moved by the OT. To increase
the challenge the background was changed from neutral to more
intense patterns. For both saccadic and pursuit exercises it was
emphasized that the patient’s head should be stationary while
moving the eyes. Visual fixation exercises were done by having
the patient fixate a visual target while moving the head horizontally
and vertically.

In the event of sub-optimal spectacle correction,
a prescription was provided and the patient was referred to
an external optician.

Results

The intervention group included 48 patients (median age
49.5 years, range 27-63) and the control group 41 patients
(median age 52 years, range 18-67). No statistically significant
differences were found between groups regarding age, distribu-
tion of gender or diagnosis, time since injury or persistent
disability according to GOSE (Table 2).

Intervention group Control group

n =143 n =41
Female/Male (%) 39.6%/60.4% 39.0%/61.0%
Time since injury, n (%) 0-3 months 9 (18.8%) 2 (4.9%)
4-6 months 17 (35.4%) 15 (36.6%)
7-12 months 10 (20.8%) 17 (41.5%)
13-24 months 7 (14.6%) 5(12.2%)
> 24 months 5 (10.4%) 2 (4.9%)
GOSE, median (range) 5 (4-7) 5 (4-6)
Diagnoses, n (%) Stroke 24 (50.0%) 27 (65.9%)
Trauma 7 (14.6%) 3 (7.3%)
Infection, SAH, Tumor 13 (27.1%) 8 (19.5%)
Othert 4 (8.3%) 3 (7.3%)

tOther diagnoses: hydrocephalus, arteriovenous malformation, idiopathic intracranial hypertension.

Table 3. Findings in the vision examination.

Intervention group Control group

n=143 n =41
Suboptimal spectacle correction (visual acuity) 9 (18.7%) 13 (31.7%)
Suboptimal near correction (near visual acuity) 9 (18.7%) 10 (24.4%)
Visual field defects 2 (4.2%) 5(12.2%)
Strabism, eye motility disorder 2 (4.2%) 2 (4.9%)
Eye teaming issue (only patients with binocular vision) n=43 n=33
Convergence, amplitude 15 (34.9%) 7 (21.2%)
Convergence, facility 24 (55.8%) 20 (60.6%)
Fusional vergence (distance), width 12 (27.9%) 18 (54.5%)
Fusional vergence (near), width 16 (37.2%) 12 (36.4%))




The findings in the vision examination are presented in Table 3.
There was a subgroup of patients (intervention group n = 5, con-
trol group n = 8) who did not possess binocular vision, that is, they
did not benefit from a simultaneous and unified percept from both
eyes. The reasons were acquired or congenital eye lesions, strabis-
mus, or abnormal visual development. It was not relevant to
measure or treat eye teaming for these patients. Accommodation
issues were found for two patients in the intervention group and
one patient in the control group.

Convergence

The near point of convergence (NPC) improved in the interven-
tion group, from median 20 to 12 (Z = 2.26, p = .02) (Figure 2). It
improved to some extent in the control group as well but not at
a statistically significant level.
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Figure 2. The NPC (cm) at admittance and discharge for the intervention and control
group. A lower value is better with the aim of 6-10 cm as indicated by the greyed area.
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Figure 3. Convergence facility (cycles per minute, cpm) at admittance and
discharge for the intervention and control group. A higher value is better with
the aim of 7-11 cpm as indicated by the greyed area.
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Convergence facility

Convergence facility improved in both groups (Figure 3). The
change was statistically significant in the intervention group
(Z = -2.16, p = .03). The truncated appearance of the boxplots
reflects the fact that a number of patients performed nil cycles
at admittance as well as discharge.

Vergence reserves at distance viewing

A statistically significant increase of the vergence reserves for
distance viewing was found in both intervention (Z = -2.44,
p <.01) and control group (Z = - 1.99, p = .04) (Figure 4). The
median for the intervention group reached the target interval
of vergence reserves.

Vergence reserves at near viewing

At discharge, both groups reached a level of vergence reserves
for near viewing that were within or tangent to the target
interval (Figure 5). In the intervention group the change was
a statistically significant (t = —4.47, DF = 15, p < .01).

Accommodation

Accommodative function was measured in patients younger
than 40 years; 13 patients (age 27-39 years) in the intervention
group and four patients (age 18-37 years) in the control group.
Two patients in the intervention group and one in the control
group had receded near point of accommodation at admit-
tance. At discharge the near point of accommodation had
improved to minimum expected near point of accommodation
or better in all three patients. Due to the low number of
patients no further analysis was performed.
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Figure 4. Fusional vergence width (prism diopters) for distance viewing at
admittance and discharge for the intervention and control group. A higher
value is better with the aim of 19 prism diopters or more as indicated by the
greyed area.
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Figure 5. Fusional vergence width (prism diopters) for near viewing at admittance
and discharge for the intervention and control group. A higher value is better with
the aim of 27 prism diopters or more as indicated by the greyed area.
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Figure 6. Visual symptoms at near work according to CISS. A lower value is better
with the aim of score 21 or less.

Vision-related symptoms

Visual symptoms at near work were estimated with the
CISS survey at admittance and discharge. The change in
score was analyzed for those patients in the intervention
group who went through VT (n = 38) and for the patients
in the control group who might have benefitted from VT
(n = 31) (Figure 6). In the intervention group the reduc-
tion in symptoms was statistically significant (Z = 2.97,
p < .01). There was no statistically significant change in
the control group. There was a significant difference
between the groups in baseline symptom level (U = 932,
Z = 3.51, p < .01) that can impact the interpretation of the
outcome.

Discussion

The purpose of this study was to investigate the effects of VT as
part of neurorehabilitation after acquired brain injury. One
group received VT for their oculomotor dysfunctions while
the other group served as controls in order to monitor the
course of visual dysfunctions without VT. The two groups were
of equal characteristics in terms of age, gender, diagnosis, time
since injury and persistent disability according to GOSE.

A total of 18.7-31.7% of the patients had suboptimal spec-
tacle correction. The reason could simply be normal change in
refraction but it could also be due to a reduced ability to
compensate. For example, far-sightedness (hyperopia) may
not be as lightly compensated for through accommodative
effort after an ABI. Furthermore, affected contrast vision,
resulting from subtle visual pathway lesions (17), may mean
that suboptimal spectacle correction has greater effect on visual
clarity. Visual clarity is in turn an important component for
optimal eye teaming. Our findings suggest that screening of
visual acuity at admittance should be considered.

The prevalence of specific oculomotor dysfunctions was
between 27.9% and 60.6% amongst 75.6-79.2% of the patients
which is in line with previous research (3,5). The occurrence of
specific oculomotor dysfunctions differs somewhat from pre-
vious literature which may be related to patient populations
and criteria for defining dysfunctions. Even though differences
in injury and persistent disability may occur, we consider the
control of patient demographics to be a strength of this study.
Given the clinical setting, the criteria for oculomotor dysfunc-
tions were derived from the literature and balanced against our
clinical experience. This means that the lower borders of the
criteria were set to reflect what from our clinical experience is
required for functional vision. The purpose being to balance
vision-related rehabilitation efforts against other rehabilitation
needs. The reported occurrence of oculomotor dysfunctions in
this study would likely have been higher if choosing criteria
considered optimal in an otherwise healthy population.

In the intervention group there were significant improve-
ments in convergence, facility, vergence reserves and vision-
related symptoms. This agrees with previous research per-
formed in similar settings (22-24). Some improvement could
also be found in the control group. Both the intervention and
control group went through an individually customized pro-
gram that included cognitive-, occupational-, and physiother-
apeutic rehabilitation. The cognitive therapy includes for
example Attention Process Training (APT) that contains
visually demanding elements. The occupational therapy
includes for example computer- and administrative activities
as well as orientation and ambulation elements. We may spec-
ulate that there are indirect training effects from the exposure
to customary neurorehabilitation activities. But since there was
not a control group who did not receive any intervention at all
we cannot conclude that this is the case.

All in all, the findings suggest that targeted VT, in
a neurorehabilitation setting, can result in concrete improvements
in terms of function and symptoms. A key to targeted VT is the
close involvement of a vision-specialist in the process of evaluating
rehabilitation needs, follow-up of progress and adjustments of the
VT-program where necessary. Further study will be required to



understand how improvements in function link to performance
and satisfaction with everyday activities.

There was a significant reduction in vision-related symptoms
in the intervention group. There was no reduction in the control
group, however in this group the symptom score was signifi-
cantly lower at baseline despite a similar prevalence of oculo-
motor dysfunctions. The reason for this is unclear however
plausible explanations may be found in differences in recovery,
exposure to near work, knowledge about one’s limitations, or
avoidance of activities that cause symptoms. As a self-
administered instrument there may be limitations in the capture
of symptoms in this setting. Above all, the CISS was originally
intended, and validated, to be used as an outcome measure
when assessing symptoms related to convergence insufficiency
with specific diagnostic criteria in a pediatric population. Still,
we consider the CISS to cover relevant symptoms and admin-
istration in the form of an interview may prove beneficial in
order to improve sensitivity in capturing visual symptoms.

We conclude that visual function issues appear to be frequent
in this patient group and that targeted vision therapy, as part of
neurorehabilitation, can be an efficient treatment resulting in
improved functions and reduced symptoms. Further study will
be required to understand how improved functions link to
performance and satisfaction with everyday activities. The CISS
was partially effective in monitoring vision-related symptoms
however some adaptation of the administration may be required.

Some limitations need to be considered. The study’s VT pro-
gram was structured after the results of the optometrist’s exam-
ination and the symptoms described by the patients. The patient’s
dysfunctions in the area of visual attention and visual spatial
dysfunctions were not considered in this report and could have
hampered the outcome of the VT. In any case the need for stable
basic visuomotor function is fundamental for all types of ABL
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