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ABSTRACT

Background: Baseline visual acuity (VA) loss from static to dynamic head conditions assessed using the Dynamic
Visual Acuity Testing (DVAT) have not been established in NCAA football players. DVAT assesses the Vestibulo-Ocular
Reflex (VOR) which is measured in Logarithm of the Minimum Angle of Resolution (logMAR). Decreased VA beyond
baseline measures may detect VOR impairment and impact treatment protocols and assist in return to play decisions
post-concussion.

Hypothesis/Purpose: To establish normative VA mean scores during a static head posture as well as dynamically
during the DVAT with a head speed of 150 deg/s in the pitch (vertical) and yaw (horizontal) planes rotating 20 degrees
in each direction.

Study Design: Descriptive study, Diagnostic Tests.

Methods: Sixty-seven, NCAA Division I College football players (age= 19.68 + 1.53) completed static VA and DVAT
assessment in the pitch and yaw planes during baseline concussion testing at the beginning of the 2014 regular foot-
ball season. Comparison of VA was evaluated by calculating the difference in players’ static and dynamic VA values
using the DVAT.

Results: Static VA for all participants (n=67) was -0.232 + 0.109 logMAR. Dynamic VA for participants (n=67) was
0.0845 + 0.159 in pitch and -0.007 + 0.141 in yaw at 150 deg/sec. Mean losses in VA during pitch and yaw at 150 deg/
sec were 0.317 + 0.140 and 0.227 + 0.133, respectively.

Conclusions: VA diminishes during head movement at 150 degrees/sec. Loss of acuity beyond established normative
values from baseline may be indicative of VOR dysfunction, especially secondary to head trauma. The assessment of
visual acuity function with head movements of 150 deg/sec can potentially identify concussion and subsequent
sequelae. Further research is recommended.

Level of Evidence: 2b
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INTRODUCTION

The methods to assess potential sequelae from con-
cussion should include the higher brain centers that
control eye reflexes. Football exposes participants
to concussion risk secondary to violent high-speed
impacts; it also has the highest incident of con-
cussion compared to other collegiate sports.! The
occurrences of concussion may be higher than the
documented rates due to under reporting by players
because of a perceived need or desire to continu-
ing play and the misinterpretation of the variety of
symptoms that are associated with concussions.? A
plethora of symptoms are associated with concus-
sions and fall in the general domains of cognitive,
physical, or behavioral symptoms. This research
focuses on the symptoms that are associated with the
physical domain, specifically to vestibular related
impairments. It is estimated that when assessing
symptoms associated with the vestibular system
and involvement, 78.8% of football players at the
high school and college level reported dizziness
and 55.8% reported balance problems secondary to
concussion.? The vestibular system is comprised of
sensory organs in the ear, the ocular system, pos-
tural muscles of the body and areas of the brain
responsible for balance and coordination. The ves-
tibular system has two functions, visually tracking
and focusing on objects during head movement,
and managing posture. Visual tracking is specific
to the vestibular-ocular system while maintenance
of balance is specific to the vestibulospinal system.
These distinctive functions of the system allow for
individual assessment. Assessments used in Ath-
letic Training settings such as the Balance Error
Scoring System (BESS) or other stationary balance
tests assess the vestibulospinal component, however
such assessments fail to assess the vestibular-ocular
component of the vestibular system.*®

There are clinical screening techniques to assess the
health and function of the vestibular-ocular system.
These screenings include the King-Devick and the
Vestibular Ocular Motor Screening (VOMS) assess-
ment, that are meant to replicate concussion symp-
toms by challenging components of the vestibular
ocular system.*® The King Devick requires an ath-
lete to read a series of numbers from left to right
and top to bottom on a series of three cards without
errors. On each subsequent card the numbers are

more challenging to visually sequence into lines. A
concussed individual will find it more challenging to
discern the lines and will make errors in the num-
ber sequencing. The King Devick requires rapid sac-
cadic eye movement but zero head movement.*®
One component that is tested during the VOMS
assessment is the vestibulo-ocular reflex (VOR). The
VOR is a mechanism of the vestibular ocular system
that allows the eyes to remain stabilized on an object
during high-speed head movements.” The VOR is
malleable through the continued actions of focusing
on images of varying distances during head move-
ments.® These actions can be trained though activi-
ties that require high velocity head movements such
as specialized tests that identify the changes and
integrity of visual acuity. The two tests that are per-
formed to isolate the integrity of the VOR are the
gaze stabilization test (GST) and the dynamic visual
acuity test (DVAT). The GST and DVAT both analyze
changes in visual acuity during head movement but
have very distinct testing protocols. The GST quan-
tifies changes in visual acuity through varying the
velocities of head movement while DVAT is done at
a constant velocity. Both measures have acceptable
sensitivity ranges (0.64-0.83) published in the litera-
ture, especially in individuals who have vestibular
dysfunctions and a previous history of mild trau-
matic brain injury (mTBI). " The GST and DVAT can
differentiate between individuals that have vestibu-
lar dysfunctions and those with normal function.'®
The utilization of GST and DVAT may also assist in
determining quantifiable measurements of VA dur-
ing sessions of vestibular rehabilitation.!*!'* The abil-
ity to numerically identify changes in VA during
rehabilitation is important because it could quantify
improvements in vestibular function achieved after
concussion using vestibular rehabilitation rather
than rest.'*'® The relationship between concussions
and vestibular dysfunction supports the need for
more research on the function of the vestibular sys-
tem post-concussion.

While the quantitative numbers from GST and DVAT
have been suggested to be reliable in determining
visual acuity changes during high-speed head move-
ments, there are no normative values established for
the differences in visual acuity compared to baseline
static visual acuity during testing in NCAA Division
I football players. The purpose of this study was to
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establish normative VA mean scores during a static
head posture as well as during the DVAT with a
head speed of 150 deg/s in the pitch (vertical) and
yaw (horizontal) planes rotating 20 degrees in each
direction.

METHODS

This was a descriptive study using data from sixty-
seven Division 1 football players (age=19.68 + 1.53)
at two institutions that completed initial baseline
concussion assessment prior to the 2014 regular
football season. The data were collected during base-
line testing by the universities sports medicine staff.
The research team retrospectively reviewed the de-
identified data to answer the research objective. The
data points were from each football player complet-
ing the screening in accordance with the guidelines
for DVAT assessment. Furthermore, each player also
self-reported a prior history of mTBI, head or neck
injury, nystagmus, or any other diagnosed vestibu-
lar dysfunctions during pre-participation exams.

Measures

The InVision System developed by Neurocom (Neu-
rocom, Clackamas, Oregon, USA) was used to assess
both static visual acuity (SVA) and dynamic visual
acuity (DVA). Measurements of SVA were collected
as comparative values of visual acuity with a station-
ary head posture and during DVAT with head move-
ment. All measurements of visual acuity, both in
static and dynamic conditions were described using
the Logarithm of the Minimum Angle of Resolution
(logMAR). LogMAR is considered the gold standard
during clinical trials and interventions that involve
visual acuity.'” Lower values of logMAR indicate
clearer visual acuity compared to higher values, for
example, a logMAR of 0 is equal to 20/20 vision while
a logMAR of -0.0187 is equal to 20/13 on a Snellen
eye chart.? Instruments used for the data collection
included the InVision program that was installed on a
15 inch laptop combined with a head mounted accel-
erometer and gyroscope to accurately report head
movement speed and amount of motion. (Figure 1)

SVA and DVAT

Measurements of SVA were taken at the beginning
of the baseline testing protocol to determine visual
acuity of the subject while their head was stationary.

https://www.natus.org

Figure 1. NeuroCom inVision System. 2017 Natus Medical
Incorporated, Pleasanton, CA

The SVA test required the subject to state the orien-
tation of the optotype “E” on the center of the com-
puter screen to the clinician. The optotype would
appear on the computer screen for the duration of
one second. The optotype would change its orienta-
tion (up, down, right, left) and would decrease in size
until the subject could no longer correctly state the
orientation of the optotype. The program provided a
quantifiable measurement of SVA in the form of both
a Snellen fraction and logMAR. The study used mea-
surements of SVA in logMAR for all calculations. The
measurements of visual acuity while the head was
stationary established a value to compare to during
the DVAT when the head was moving at 150 deg/sec.

The DVAT measures the difference between an estab-
lished SVA and the dynamic visual acuity values deter-
mined by yaw (horizontal), pitch (vertical), and roll
(ear to shoulder) motions of the head.'*"® During the
yaw motions, subjects rotated their heads from left
to right as if shaking their head ‘mo’ to approximately
20° in each direction with a target head velocity of
at least 150 degrees/second. Subjects were allowed to
practice the motions before actual DVA testing began
to familiarize themselves with the testing parameters.
The InVision program provided visual cues to the sub-
jects on both head velocities and how far they were
turning their head. Once actual testing started, there
would be visual cues given to the subject until they
reached the target head position and speed. It was
required that the subject would have to maintain both
head speed and the targeted range of motion prior
to the optotype briefly being shown on the computer
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screen. Once an optotype appeared on the screen,
the subject was to state its orientation to the clinician.
The size of the optotype would decrease in size until
the subject could no longer correctly state its orienta-
tion. The same procedure was followed while testing
head motion in the pitch axis. The pitch motion simu-
lates a ‘yes’ head nod, and moves the head 20° up and
down from neutral. Due to time constraints during
baseline testing, assessments about the roll axis were
not completed.

Procedures

Players underwent baseline concussion testing dur-
ing the off-season when their workouts included
weight training and skills practice without the use
of any kind of pads or helmet. Zero contact was
taking place and subjects were expected to have
been free from previous head trauma for the pre-
ceding six months. All subjects participated in pre-
participation exams in coordination with questions
about their medical history, physical exams by team
physicians, and screening for diseases. Clinicians
included questions from the SCAT-3 to establish
dominant handedness, self-reported prior history of
concussion, current symptoms, and memory recall.

At the time of testing, all subjects were taken into a
well-lit room and seated ten feet away from the test-
ing computer screen that was adjusted to their indi-
vidual eye-level. Subjects requiring corrective lenses
were instructed to wear them during the assessment.
Subjects then began the SVA test to establish a quan-
tifiable number for their respective static acuity prior
to starting the DVAT. Subjects were monitored for any
signs of dizziness or nausea during the testing period.
If the subjects did become either dizzy or nauseous as
a result of testing protocol, they were allowed a small
rest break until their symptoms subsided. There were
no complications during testing and all the subjects
were able to fully complete the protocol.

Statistical Analysis

All statistical data points were placed into an Excel
spreadsheet (Office 2007, Microsoft Corp., Redmond,
WA) by the clinicians at the respective universities
prior to being de-identified and transferred to SPSS
(version 19, SPSS Inc., Chicago, IL). The research
team then analyzed the SPSS file. Descriptive data
was calculated using SPSS to report all collected
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Figure 2. Visual Acuity Values deg/sec. logMAR = Loga-
rithm of the Minimum Angle of Resolution.

measures of visual acuity in static and dynamic con-
ditions. All measurements of visual acuity were ana-
lyzed in logMAR. Ninety-Five Percent Confidence
Intervals where calculated to estimate meaningful
ranges of acuity values to be expected in similar
populations.

RESULTS

The participants had an average perception time of
20.09 + 3.363 ms. The overall mean SVA for all sixty-
seven subjects were -0.232 + 0.109 logMAR (Figure
2). The average departure head speed from the tar-
get of 150 deg/sec was 183.439 + 17.309 deg/sec in
pitch and 184.621 + 20.609 in yaw. The average DVA
in pitch (combined value of moving the head up and
down) was 0.0845 + 0.159 logMAR. The average
DVA in the yaw plane (combined head movements
of left and right) was —-0.007 + 0.141 logMAR. There
was an average loss 0f 0.316 + 0.140 logMAR in pitch
and 0.227 + 0.133 logMAR in yaw. The 95% CI for
acuity lost in pitch and yaw was [0.269, 0.358] and
[0.191, 0.261] respectively. (Table 1)

Table 1. Variable Descriptives

Variable Mean sD
Age (years) 19.68 1+1.53
Perception Time (ms) 20.09 1+3.363
SVA (logMAR) -0.232 +0.109
DVA in Pitch (logMAR) 0.085 +0.159
DVA in Yaw (logMAR) -0.007 +0.141
logMAR =Logarithm of the Minimum Angle of Resolution
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DISCUSSION

The results from this study support the assertion that a
lower value of VA is expected in individuals when they
undergo DVAT compared to VA in static conditions.
The testing speed was set at 150 deg/sec; however,
the average actual speed was higher despite the visual
cues provided to the participants by the InVision pro-
gram. It is plausible that with greater practice, partici-
pants could more accurately maintain the goal head
speed of 150 deg/sec. The subjects increased speed
may overestimate the loss of VA. However, accuracy
of the assessment at speeds between 150-200 deg/sec
is supported.''** The ability of the DVAT to assess the
function of the VOR could potentially aid clinicians
in identifying vestibular dysfunction associated with
head injuries missed by assessments not tailored to
the vestibular-ocular system.? It is supported in the
literature that horizontal movements in yaw are more
reliable in determining vestibular impairments than
in pitch when assessing DVA.!? The values reported in
this study found VA in the horizontal plane (yaw) did
not drop as much as VA in the vertical plane (pitch).
It is speculated that football players are more accus-
tomed to scanning a field from left to right and not
up and down. This supports the assertion that further
research comparing head movements and post mTBI
symptoms across sports and positions is warranted. It
is possible that kickers or kick returners will perform
better in pitch. The DVAT may also serve as an appro-
priate baseline tool to compare the integrity of the
vestibular system in athletes when they suffer a con-
cussion that can typically be completed as part of pre-
participation examinations." It is also noteworthy to
remember that future studies could include measure-
ments of DVAT in the roll movement, which is not a
typical movement in athletes but may be sensitive to
vestibulo-ocular deficits. Comparison of baseline DVA
results may also influence clinicians regarding deci-
sions related to return to play status of athletes who
have suffered from vestibular dysfunctions second-
ary to mTBI.

This study has several limitations. This study only
assessed healthy football players and excluded the
motion of ‘roll. Future studies should include the
‘roll’ head movement, include other types of ath-
letes, and measure the difference in VA from static
and during dynamic head movements in athletes
who are post-concussion.

CONCLUSION

The results of this study provide mean data regard-
ing SVA and dynamic DVAT during head movements
at 150 degrees/second. All conditions for DVAT dem-
onstrated decreases in losses in VA as compared to
SVA. Losses of VA during DVAT beyond an established
norm or outside the currently reported confidence
intervals may be indicative of VOR dysfunctions,
potentially secondary to head trauma. There is a
need for more research to be completed in order
to establish definitive DVAT values and changes
from SVA prior to its employment as a reliable tool
to assess the vestibular function and return to play
in multiple populations. With further research, the
InVision system may become an important tool in
assessing the VOR in athletes’ pre and post-concus-
sion assisting clinicians in return to play and long-
term treatment plans.
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