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Functional Vision Questionnaire Detects Near Triad
Impairments in Adolescent Athletes With Concussion

History
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Tiina Laitala, PhD

Background: Concussions are mild traumatic brain injuries
that often cause vision problems. They have significant
impacts on everyday life, cognitive capacity, and sports
performance, and may affect injury prevalence in fast
contact sports such as ice hockey. A functional vision
questionnaire specifically designed for sports was used
here to study the correlation between vision problems and
concussion history.

Methods: In this national cross-sectional concussion study,
860 Finnish elite-level male adolescent ice hockey players
(aged 13-21 years) answered a functional vision question-
naire and performed a computerized neurocognitive test,
IMPACT. Totally 265 athletes reported a history of at least
1 concussion. All data were statistically compared with age-
matched athletes with no concussion history (n = 595). For
further analysis, athletes were divided into subgroups by
age and number of previous concussions.

Results: Previously concussed athletes reported more gen-
eral and eye-specific symptoms than their healthy controls.
Increases in eye fatigue, frontal headaches, and blinking
were statistically significant. Also statistically more problems
with depth perception and evaluating distances, concentra-
tion problems, blurred vision, and losing the object in sight
were observed among athletes with concussion history.
Conclusions: Concussion history reflects an increase in the
prevalence of vision deficits, as determined by multiple
disturbances in the near triad. The significant number of
vision problems in the concussion history groups strongly
suggests that functional vision should routinely be evalu-
ated in athletes. The vision problems observed in the
athletes with concussion history may indicate an increased
injury risk that should be addressed.
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oncussion is a mild traumatic brain injury (mTBI),

which results in the rapid onset of transient neurologic
dysfunction. ICD-11! defines concussion as “loss or dimi-
nution of consciousness due to injury.” There are no diag-
nostic imaging findings after concussion,? because it causes
rather metabolic than structural damages. Concussion is
a common injury especially in contact sports such as ice
hockey, with an incidence of 0.76/100 athlete exposures
for men, and 0.76/1,000 athlete exposures for women.?
Although patients with concussion do not present signifi-
cant morphologic brain pathology, diagnosis is symptom
based.* Imaging studies, however, suggest that already sub-
concussive rotational acceleration of the head leads to
altered midbrain white matter integrity in healthy football
players.> Neuro-ophthalmic deficits are often observed
acutely after concussion.® Up to 95% of concussed children
and adolescents present with at least 1 vision-related anom-
aly (accommodation problem, convergence insufficiency,
and/or saccadic dysfunction).”

All brain lobes participate in vision, and several visual
centers are located throughout the brain. These 3-
dimensional neuronal networks run in anteroposterior, dor-
soventral, and craniocaudal orientations.® Visual stimuli are
transported from the retina all the way to the occipital
primary visual cortex, where image formation takes place.
To initiate cognitive processing of the received visual data,
interpretation begins at the cortical, interconnected ventral
“what” and dorsal “where” visual pathways at the occipito-
temporal and parietal cortexes.” To maintain clear vision,
horizontal and vertical gaze centers located in the brainstem
control gaze shifting and holding together with motor
nuclei of cranial nerves III, IV, and VI. Owing to the
complex 3-dimensional neuroanatomy, visual tracts are sen-
sitive to rotational, traction—compressional, and metabolic
trauma caused by even subconcussive head impacts. Con-
cussions do not damage the cranial nerves IL, III, IV, or VI,
but lead to a neurometabolic cascade: intracellular energy
and neuroinflammatory
response. %11 Visual acuity remains normal, visual field de-

crisis, neuronal dysfunction,
fects and cranial nerve palsies are very rare, but headache,
accommodation disorders, and convergence insufficiency
are common.!?

Although concussion symptoms usually resolve over the
course of 2—4 weeks,!? up to one-third may have prolonged
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symptoms.'4 Research has mainly concentrated on the acute
prevalence of postconcussive vision problems, but studies
on long-term effects of accumulating concussions on vision
are missing. At least among children and adolescents, vision
and vestibular problems are suggested to predict prolonged
concussion recovery.!®> Although the new version of Sport
Concussion Assessment Tool, SCATG,'¢ addresses double
vision and extraocular eye movements, its aim is to find
possible neurologic red flags that require hospitalization of
the injured
impairments.

Most of the studies on concussion-induced acute (0-2

athlete, not to evaluate sport vision

weeks) and long-term (>4 weeks) changes in vision have
been small population studies performed on mainly patients
acutely concussed. This study approaches vision problems
from a different angle by focusing on concussion history
and current vision problems within a large adolescent male
elite athlete population. To our knowledge, this is the first
questionnaire-based cross-sectional study to correlate con-
cussion history and vision dysfunctions in clinically healthy
athletes. None of the athletes enrolled in this study were
diagnosed with postconcussion syndrome or acute concus-
sion, so our findings suggest that sport vision should be
addressed in detail after each concussion to restore the com-
plex neurologic circuits responsible for clear vision during
active head movements.

METHODS

Participants

These data were collected as part of a 3-year concussion
follow-up study “Heads in the Game” coordinated by the
University of Helsinki, Finland.!” The project included
extensive baseline testing and a structured program to iden-
tify concussions and monitor recovery in adolescent elite ice
hockey players in Finland. The subjects for this study were
voluntarily recruited from the participating teams, and an-
swers to the functional vision questionnaire were received
during off-season from a total of 926 athletes. In the study
population, 265 athletes had a history of at least 1 concus-
sion, while 595 were healthy controls. To minimize the
limitation that self-reportion creates, the study was per-
formed in the presence of health care professionals. This
study was approved by the HUS Ethical Committee (Hel-
sinki, Finland). Each participant and, if the athlete were
younger than 16 years of age, a parent/guardian signed
a voluntary informed consent. The study was conducted
according to the Declaration of Helsinki.

Procedures

The functional vision questionnaire used here was devel-
oped to identify and characterize possible vision problems
that have an impact on sport performance. Some questions
targeted general symptoms such as eye fatigue, headaches,

and concentration problems, and others addressed func-
tional sport vision (Table 1). Questions were designed so
that the needs to compensate for possible vision dysfunc-
tions, for example, blinking and squinting, could be
observed. The participants answered the questions “yes” or
“no” on their native language, and all data were digitalized
for statistical testing. Data from the functional vision ques-
tionnaire were cross analyzed with ImPACT data to identify
the athletes with a history of concussion. Of all the players
who answered the questionnaire, 66 athletes did not attend
the ImPACT baseline test, so these individuals were
excluded from further analysis. This study, therefore,
included 860 adolescent male athletes (aged 13-21 years).
If an answer for a question in the vision questionnaire was
missing or unclear, answer for that specific question was

excluded.

Statistical Analysis

All data analyses were performed using IBM SPSS
Statistics software version 29.0 (IBM Corp, Armonk,
NY). Differences between groups in the questionnaire
were observed with x? tests and Fisher exact test. Normal-
ity of the data was checked by exploring skewness, kurto-
sis, histogram, and Q-Q-plot. The association between
“yes” answers and number of previous concussions was
evaluated by Pearson correlation test. Significance levels
were set at P < 0.05.

RESULTS

All athletes were healthy at the time of the study, and no
acute concussions or athletes with postconcussion syndrome
were enrolled in the study. Time from the last concussion
varied between 45 days and 162 months (median 20
months). Statistical analysis confirmed that the time from
the last concussion did not correlate with the answers given
in the functional vision questionnaire. Therefore, any
impairment in visual performance observed in the analysis
was not due to acute concussion or recovery therefrom. A
summary of the study population is shown in Table 2.
Although our study population included 860 individuals
of whom 265 athletes had experienced at least 1 concussion,
the number of concussed athletes per age group remained
low, specifically for the individuals with 3 or more concus-
sions in their history. This was seen as nonstatistically sig-
nificant trends in the data analysis.

Statistically significant increases in general vision symp-
toms were observed in the concussion history groups, as
compared with the nonconcussed controls (Fig. 1). Signif-
icant problems with seeing traffic signs or watching TV
were reported by the 17-18-year-old athletes with a history
of 2 concussions (Fig. 1A). Eye fatigue was reported by all
age groups, with significant increase found for 19-21-year-
old athletes with 1 concussion (Fig. 1B). Among all players,
the athletes with a history of 3 concussions reported

Leinonen et al: J Neuro-Ophthalmol 2024; 00: 1-7
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TABLE 1. The functional vision questionnaire used in this study

. Do you use eyeglasses?

. Do you have to squint to see far better?

. Have your eyes been operated on?

O©O~NO O WN -

10. Do you sometimes have difficulties with near vision?

. Have you had problems seeing traffic signs or watching TV?
. When watching far and near in turns, does it take a moment before the object is clear?

. Do you suspect that there is something unusual in your eyes or vision, even though you think you always see well?

. Have you been told in an eye examination that you have strabismus?
. Have you been given vision exercises at some point of your life?
. Have you used eye glasses in childhood but stopped using them later?

11. After reading, is your vision blurry when you look into the distance?

12. Do your eyes get tired when you read or use a computer?
13. Does the text sometimes become blurry during reading?

14. Do you have to blink to make an unclear object become clear?
15. Do you take breaks during close-up work because of eyes strain?
16. Do you have problems concentrating when reading, for example, need to read again because you did not understand the

text after the first reading?

17. Do you move the text closer or farther away when reading to see it better?
18. Do you have difficulties keeping your sight on the row, or moving to the next row, or do you feel that rows and letters jump

and mix?
19. Do you sometimes close one eye while reading?
20. Have you experienced frontal headaches?

21. Are your eyes sensitive to light, or have they become light sensitive?

22. Do your eyes feel tired or strained at times?

23. Does it affect your sport performance, if you read or play on a computer before sport?

24. Do you have problems with your vision during sport?

25. Do you feel that your vision affects your sport performance?
26. Have you ever had difficulties in keeping your eyes on a moving object, for example, a ball or a puck?
27. Do you have difficulties in directing your sight on a moving object?

28. Do you at times lose the object in sight?

29. Do you have difficulties in observing the spinning of a ball or puck?

30. Have you ever had difficulties with depth perception, or in evaluating distances?

31. Have you ever had difficulties in knowing where the ball/puck or other players are?

32. Have you ever noticed blurring or disappearing of the borders of field of sight during sport performance?
33. Do you feel that you make the same mistakes repeatedly in your sport performance?

Athletes answered the questions “yes” or “no.” The answer “yes” was considered a pathologic reply.

significantly more frontal headaches (Fig. 1C), and eye
fatigue was increased in athletes with 1 prior concussion
(Fig. 1D).

When eye-related compensatory symptoms were eval-
uated, statistically significantly increases in several symp-
toms were observed in the concussed athlete groups
(Fig. 2). The increases in need for squinting (Fig. 2A),
in feel of losing the object in sight (Fig. 2B), and blinking
(Fig. 2C) suggest near triad disturbances. Together with
the observed difficulties in depth perception (Fig. 2D),
accommodation from far-to-near and vice versa (Fig. 2E),
and blurring or disappearing of borders during sports
(Fig. 2F) suggest that accommodation—vergence prob-
lems were relatively common in healthy athletes with
concussion history.

Reading is often used as a functional assessment of the
integration of oculomotor functions, and reading problems
may indicate vision problems. The 19-21-year-old athletes
with =4 concussions had significantly more concentration
problems when reading, suggesting difficulties in their cog-

Leinonen et al: J Neuro-Opbthalmol 2024; 00: 1-7

nitive functions (Fig. 3A). Also, concussion history
increased with age (Fig. 3B).

DISCUSSION

By definition, patients with concussion do not present
significant morphologic brain pathology. Despite this,
almost one-third of patients with acute concussion and
more than three-fifth of patients with postconcussion syn-
drome have vestibulo-ocular dysfunctions. Owing to the
multifactorial outcome of concussion-related symptoms,
there are no validated evaluation or treatment protocols
for prolonged vision symptoms specifically for athletes.
The ocularmotor subtype of concussion causes difficulty
with visual activities, asthenopia, problems with visual
focus, blurred vision, frontal headaches, and difficulty judg-
ing distances—all symptoms that may lead to concentration
problems. The interconnected “what,” “where,” and “how”
visual pathways result in controlled and programmed move-
ment actions. To facilitate this, rapid and accurate eye

3
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TABLE 2. Concussion frequency and distribution of “yes” answers in the whole study population, and in

subgroups divided by age

Number of Concussions

Number of Yes-Answers Given in

Athlete Group in the History the Functional Vision Questionnaire n %
All 0 2.81 595 69.2
1 3.16 161 18.7
2 3.44 68 7.9
3 2.84 25 2.9
=4 4.27 11 1.3
Total 860 100
13-14y 0 3.01 78 75.0
1 3.55 20 19.2
2 3.6 5 4.8
3 0 0 0
=4 1 1 0.96
Total 104 100
15-16y 0 2.81 273 70.2
1 2.68 74 19.0
2 3.26 27 6.9
3 2.9 14 3.6
=4 2 1 0.26
Total 389 100
17-18y 0 2.78 171 69.8
1 3.61 46 18.8
2 3.05 21 8.6
3 2.67 6 2.4
=4 7 1 0.41
Total 245 100
19-21y 0 2.63 73 59.8
1 3.48 21 17.2
2 4.27 15 12.3
3 2.8 5 4.1
=4 4.63 8 6.6
Total 122 100

There was a statistically significant correlation between the number of “yes” answers and number of concussions (P = 0.025;

Pearson r = 0.077).

movements are imperative. The multiple nuclei and neural
connections located in the midbrain and brainstem regulate
horizontal and vertical gaze, lens accommodation, vergence,
and pupil responses to light. Although problems with vision
are common after concussions, the effects of concussion
history on functional vision have remained unknown. In
sports, vision problems may become a risk factor for con-
cussion, because the ability to process rapidly alternating
visual input is not optimal.

For an athlete, the demands on vision are high. For
example, in ice hockey, the athlete must be able to
continuously scan the field to keep the puck and other
players in sight, while skating in high speed. It is,
therefore, understandable that poor vision makes playing
not only difficult but also dangerous. Visual skills
significantly affect the on-ice game performance, and
vision training might reduce head impact exposure in
ice hockey. In this study, we addressed the ability to
integrate and process visual information by a functional

4

vision questionnaire that was specifically designed to find
sport vision-related impairments. The major difference in
our questionnaire related to other, clinically validated
tools such as the NEI-VFQ-25!% is that we wanted to
address vision in healthy, elite-level athletes. Therefore,
we did not expect to find severe red flag signs suggesting
midbrain pathology: neurobehavioral symptoms, cranial
nerve palsies, visual field loss, or double vision. Instead,
our questions specifically targeted visual perception dur-
ing movement. When combined with neurocognitive
performance, functional cognitive impairments were
found to correlate with accumulating concussions.

Eye fatigue, concentration problems, and headaches
observed here can become apparent for various reasons.
Such symptoms are common acutely after concussion and
within post-concussion syndrome patients,” but the exact
neuropathologic reasons behind the symptoms remain
unknown. Convergence insufficiency and accommodation
discrepancy may also cause frontal headaches.!® Our data

Leinonen et al: J Neuro-Ophthalmol 2024; 00: 1-7
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FIG. 1. Statistically significant differences were observed in the answers to the functional vision questionnaire in 4 ques-
tions targeting general visual symptoms. Athletes with 1, 2, 3, or =4 concussions in their history were compared with age-
matched athletes with no previous concussion history. Questions “have you had problems seeing traffic signs or watching tv”
(A); “do your eyes get tired when you read or use a computer” (B); “have you experienced frontal headaches” (C); and “do your
eyes feel tired or strained at times” (D) were answered “yes” or “no” by all athletes. The results from specific age groups (13-
14 years, 15-16 years, 17-18 years, and 19-21 years) are shown in (A and B), and answers from all athletes are shown in
(C and D). The reference line shown on (C and D) indicates the percentage of “yes” answers from all athletes with no
concussion history. The n shown on the bars in (C and D) indicates the number of “yes” answers per total number of
concussed athletes for each question. The P-values were calculated by comparing data with age-matched, nonconcussed
athlete groups. ns, statistically nonsignificant, *P < 0.05, **P < 0.01.

indicated that frontal headaches were increased in athletes
with a history of 3 concussions, which supports the idea
that cumulative concussions may be a risk factor for more
frequent headaches.

According to our findings, it seems that concussions
and especially cumulative concussions correlate with
impaired eye-specific compensatory mechanisms. It is
generally accepted that normal visual function is funda-
mental for reading, and the problems in the visual system
may lead to concentration problems. Athletes with a his-
tory of at least 4 concussions reported deficits in depth
perception and evaluating distances. Furthermore, 17—
18-year-old athletes with 1 concussion reported more of
unclear images when watching far and near in turns,
which may indicate a problem with accommodation, ver-
gence, or a combination of both. This transient blurring
may become evident because of accommodation insuffi-

Leinonen et al: J Neuro-Opbthalmol 2024; 00: 1-7

ciency and slowness in changing the level of accommo-
dation, which are sometimes described in patients with
mild traumatic brain injury.!! Also, convergence insuffi-
ciency may cause this kind of problems. In addition,
athletes with 2 concussions had more difficulties in seeing
traffic signs or watching TV. Such actions are not merely
enabled by accommodation and vergence, but it is clear
that deficits therein have negative impacts on functional
vision in sport. Blinking and squinting, eye-specific com-
pensatory symptoms observed in athletes with concussion
history, also indicated deficits in the visual system.?° Dis-
appearing or blurring of field of sight, and losing the
object in sight were probably caused by dysfunction of
the vestibulo-ocular reflex, smooth pursuit, near triad, or
a combination of all of these.

The participants of this study were elite-level athletes
with high demands on their functional vision. On the basis
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FIG. 2. Accommodation and vergence disturbances were evaluated in the functional vision questionnaire by several ques-
tions. The results from specific age groups (13-14 years, 15-16 years, 17-18 years, and 19-21 years) are shown in (A, B,
and E), and answers from all athletes are shown in (C, D, and F). Statistically significant increases in “yes” answers were
observed for questions “do you have to squint to see far better” (A); “do you at times lose the object in sight” (B); and “when
watching far and near in turns, does it take a moment before the object is clear” (E). When the data obtained from all athletes
were evaluated, statistically significant increases in the percentages of “yes” answers were observed for the questions “do
you have to blink to make an unclear object clear” (C) and “have you ever had difficulties with depth perception or in evaluating
distances” (D). The increase in “yes” answers for the question “have you ever noticed blurring or disappearing of the borders
of field of sight during sport performance” remained a bit under the significance threshold for the athletes with =4 con-
cussions (F). The n shown on the bars in (C, D, and F) indicates the number of “yes” answers per total number of concussed
players for each question. The reference line shown indicates the percentage of “yes” answers from all athletes with no
concussion history. The P-values were calculated by comparing data with the age-matched, nonconcussed athlete groups.
ns, statistically nonsignificant, *P < 0.05, **P < 0.01.
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of these results, accumulating concussions correlate with ered minor. When combined with the requirements for
oculomotor impairments, and this may increase the injury  visuospatial attention, timing, and movement control of
risk of the athlete because of nonoptimal vision-dependent elite sports, a questionnaire-based evaluation of functional
control of movement. Many of the vision problems re-  vision may present as a cost-effective tool for injury pre-
ported by the healthy athletes could individually be consid- ~ vention purposes.
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