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Abstract

Background: Acute symptoms of dizziness and/or imbalance commonly experienced in athletes postcon-
cussion are speculated to arise from dysfunction at multiple levels (i.e., inner ear or central vestibular system)

to appropriately integrate afferent sensory information. Disruption along any pathway of the balance system
can result in symptoms of dizziness, decreased postural control function (vestibulospinal reflex), and reduced

vestibulo-ocular reflex function. This may also lead to decreased gaze stability with movements of the head
and may account for symptoms of blurred vision or diplopia reported in almost half of athletes sustaining a

concussion. Current concussion position statements includemeasures of postural control to examine changes
to the balance system postconcussion. The Balance Error Scoring System (BESS) is a commonly used low-

cost postural control measure for concussion assessment. Although this is a widely used measure for doc-
umenting balance function on both immediate (sideline) and recovery monitoring, the BESS has been shown

to be affected by physical exertion. Therefore, the BESS may not be the most efficient means of examining
functional changes to the balance system immediately after head injury. Dynamic Visual Acuity Test (DVAT)

has been found to effectively evaluate and monitor changes to the gaze stability system postinjury. Thus,
DVATmay be an additional measure in the concussion assessment battery, as well as an alternative for more

immediate sideline assessment to help make objective return-to-play decisions.

Purpose: The aim of the study was to determine the effects of physical exertion on a clinical vestibular

assessment, the DVAT, in collegiate athletes, as a first step in defining the role of this measure in the
concussion assessment battery.

Research Design: Cross-sectional, repeated-measures design.

Study Sample: Twenty-eight healthy collegiate athletes (20 males, 8 females; age 5 20.25 6 1.46 yr,

range 5 18–25 yr) volunteered to participate in the study.

Data Collection and Analysis: Participants were randomly assigned to complete a 20-min protocol of

physical exertion or rest. DVAT was completed pre-exertion or rest (pre-DVAT), immediately following
the 20-min protocol (post-DVAT I), and again 10 min after the completion of the 20-min protocol (post-

DVAT II). Ratings of perceived exertion (RPE) and heart rate (HR) were monitored throughout testing.
Repeated-measures analysis of the variance were used to examine the effects of exertion on DVAT.

Additionally, intraclass correlation coefficients were used to examine test reliability.

Results:No significant main effect was observed for right and left DVAT logarithm of theminimal angle of

resolution loss between groups or across time points (p . 0.05). A significant main effect was observed
for RPE and HR for groups and time points (p , 0.001), indicating adequate physical exertion and rest.

Fair to good reliability (intraclass correlation coefficient values between 0.4 and 0.74) was observed for
both rightward and leftward movements of the head across the three time points.

Conclusions: Findings from this study suggest that DVAT is not affected by physical exertion and may
provide a more immediate assessment of the balance system that may be of use for the sideline con-

cussion assessment. Future studies will be performed to examine additional factors (e.g., background
noise, complex visual backgrounds) that may affect DVAT performance in the sideline environment.
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Abbreviations:BESS5 balance error scoring system; DVAT5Dynamic Visual Acuity Test; HR5 heart
rate; ICC 5 intraclass correlation coefficients; logMAR 5 logarithm of the minimal angle of resolution;

NCCA 5 National Collegiate Athletic Association; PTT 5 Perception Time Test; RPE 5 ratings of

perceived exertion; SD 5 standard deviation; SVA 5 static visual acuity; VOR 5 vestibulo-ocular reflex

INTRODUCTION

O
ur balance system relies on adequate integra-
tion of multisensory inputs (vision, vestibular,

and somatosensory) and motor outputs via the

central nervous system to communicate the position

and orientation of the body in comparison to the exter-

nal environment. Disruption to this intricate sensori-

motor system results in symptoms of dizziness and

unsteadiness and clinical signs of impaired gaze stabil-

ity and postural control. In addition to headaches, diz-

ziness and/or imbalance are some of the most common

symptoms for athletes sustaining a concussion (Binder,

1997; Ingebrigtsen et al, 1998; van der Naalt, 2001;

Alsalaheenet al, 2010; 2013), and the severity of these

symptoms can range from off-balance or light-headedness

to true vertigo (Alsalaheen et al, 2010). The effects of

a concussion include both peripheral vestibular sys-

tem involvement (i.e., semicircular canals, otolith or-

gans, vestibular nerve) and central vestibular system

involvement (Fife and Kalra, 2015; Valvoich McLeod

and Hale, 2015). Since the pathways involved in stable

gaze and postural control can be so complex, it is diffi-

cult to localize one specific site of lesion that may be

causing these postconcussion symptoms (Ellis et al,

2015). Rather, dysfunctionmay occur onmultiple levels

(Ellis et al, 2015), or be dysfunctional at the level of the

central nervous system in order to appropriately inte-

grate the afferent sensory information (Murray et al,

2014). Disruption along any pathway of the balance sys-

tem can result in symptoms of dizziness, as well as pos-

tural control dysfunction, and reduced vestibulo-ocular

reflex (VOR) function with movement of the head (i.e.,

visual blurring withmovement of the head) in the acute

phase (Mucha et al, 2014; Ellis et al, 2015; Honaker

et al, 2015). This may also lead to a decreased gaze sta-

bility with movements of the head and may account for

symptoms of blurred vision or diplopia reported in 49%

of athletes sustaining a concussion (Lovell, 2009;

Aligene and Lin, 2013).

Stable gaze is imperative to an athlete’s perfor-

mance and safety in dynamic environments (e.g., run-

ning, while trying to catch a ball) (Zhou and Brodsky,

2015). The Dynamic Visual Acuity Test (DVAT) is an

objective clinical measure that both evaluates and moni-

tors the visual-vestibular system (i.e., VOR). Specifically,

DVATquantifies visual acuity during both active and pas-

sive movements of the head (dynamic) and compares an

individual’s performance to the visual acuity obtainedwith

the head in a still position (static). Previous studies have

found abnormal DVAT performance in both youth and

adultswith posthead injuries (concussion and blast injury)

(Gottshall et al, 2003; 2007; Gottshall and Hoffer, 2010;

Valvoich McLeod and Hale, 2015; Zhou and Brodsky,

2015). Recent work has revealed that a large proportion

of athletes who have sustained a concussion exhibit abnor-

mal DVAT (i.e., decreased visual acuity withmovements of

the head) without concurrent abnormal caloric and rotary

chair responses; thus, supporting the theory of a central

disruption rather than peripheral vestibular hypofunc-

tion (Zhou and Brodsky, 2015). Therefore, there are

recommendations emerging to include DVAT in head

injury management protocol to evaluate and monitor

changes in DVAT performance (Gottshall et al, 2003;

2007; Gottshall and Hoffer, 2010; Kaufman et al, 2014).

Currently, the function of the balance system in ath-

letes is most commonly assessed on the sidelines with

a low-cost postural control measure known as the Bal-

ance Error Scoring System (BESS). The BESS assesses

an individual’s ability to maintain an upright stance un-

der six challenging conditions and is an objectivemeasure

of the postural control system (Guskiewicz et al, 2001).

One limitation of the BESS is that it lacks direct assess-

ment of vestibular function. Additionally, the BESS is af-

fected by physical exertion and therefore, should not be

assessed untilz15–20min after physical exertion (Susco

et al, 2004; Wilkins et al, 2004; Fox et al, 2008). A long

wait time is not ideal in the athletic environment, as

healthcare professionals are expected to assess a poten-

tial head injury immediately (i.e., directly after the per-

formance of a physical task) to make decisions regarding

a safe return to play. Therefore, there is urgency to find

objective measures (i.e., not based on the athlete’s report

of symptoms) that are not affected by physical exertion

and also to assess the impairments of the balance system.

As stated previously, DVAT has been found to be an

effective clinical tool in evaluation and monitoring

changes to the visual–vestibular system postinjury;

thus, DVAT may be an appropriate alternative for side-

line assessment and may help professionals make more

immediate and objective return-to-play decisions. There-

fore, the purpose of this study was to investigate the ef-

fects of physical exertion on DVAT and to determine the

reliability of DVAT in collegiate athletes as a first step

in defining the role of DVAT in the sideline concussion

assessment battery.
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METHODS

Participants

Participantswere recruited from theNational Collegiate

Athletic Association (NCAA) Division I and club sport

athletic teams at the University of Nebraska–Lincoln.

Participation in the study took place during the ath-

letes’ off-season. It was determined that a sample size

of 14 participants in each group (using a moderate,

0.25, effect size) was needed for adequate statistical

power (80%, p , 0.05). Thus, our sample consisted of
28 healthy participants, 22 NCAA Division I athletes

and 6 club athletes (20 male, 8 female: age 5 20.25 6

1.46 yr, range5 18–25 yr). Participants included mem-

bers from the following NCAA teams: wrestling (n5 6),

football (n5 3), baseball (n5 3), track and field (n5 5),

gymnastics (n 5 2), golf (n 5 2), and bowling (n 5 1).

Participants included members from the following Club

sport teams: rugby (n 5 1), lacrosse (n 5 1), ultimate
Frisbee (n 5 1), running (n 5 1), swimming and diving

(n 5 1), and soccer (n 5 1). Participants were excluded

from the study if they met any of the following criteria:

(a) any condition that caused a reduction in the individ-

ual’s ability to perform physical exertion tasks (i.e., an

orthopedic condition or cardiovascular issues), (b) lim-

ited cervical range of motion (i.e., limited horizontal

movements of the head to the right or left), (c) history
of a diagnosed concussion within 6 mo of the assess-

ment, (d) a known inner ear disorder, and (e) alcohol

consumption 24 hr prior to testing; based on the above

criteria, no participants were excluded. Participants

were randomly assigned to either the physical exertion

or rest group. The University of Nebraska–Lincoln in-

stitutional review board approved the study and in-

formed consent. All participants read and signed the
consent form prior to participation.

Instrumentation

DVAT

For the DVAT protocol, participants sat in a sturdy

chair 109 from a computer screen placed in front of a

solidwhite wall. DVATwas completedwith the inVision

package from VSR Sport (NeuroCom International, a

division of Natus, Pleasonton, CA) equipment (portable

equipment). All participants were tested for his or her

best-corrected vision (i.e., wearing contacts or glasses if

needed). As part of the standard protocol for inVision,
and to document changes in visual acuity with move-

ments of the head, all participants first completed Static

Visual Acuity (SVA) and Perception Time Test (PTT).

SVA is a measure of an individual’s visual acuity,

obtained from both eyes and with the head still. To mea-

sure this, an optotype (the letter E) appeared on the

computer screen in randomized inversions and partici-

pants were instructed to indicate the direction of the legs

of the “E” (i.e., up, down, left, or right). Based on a stan-
dard psychophysical adaptive process, the SVA score was

obtained at the threshold (i.e., the smallest accu-

rately perceived orientation of the visual target at 60%)

(NeuroCom International, Inc., 2011). SVA scores were

then converted from Snellen fractions to logarithm of

theminimalangle of resolution (logMAR)units (NeuroCom

International, Inc., 2011) (Table 1). Larger logMAR

(positive values) indicated decreased visual acuity
and negative logMAR indicated visual acuity better

than 20/20 (NeuroCom International, Inc., 2011). Next,

PTT was measured. The athlete’s head remained still

and he/she was then instructed to again identify the ori-

entation of the optotype E that flashed on the screen;

however, the optotype was presented at a fixed size of

0.2 logMAR greater than the obtained SVA value. Min-

imum time, in milliseconds, was used to accurately per-
ceive the optotype (60%) and was calculated as the PTT

score. Participants with PTT scores .60 msec were ex-

cluded; please note that we used a more conservative

cut-off for PTT, whereas previous studies used.70 msec

(Mohammed et al, 2011) and .80 msec (Kaufman et al,

2014). Increased PTT scores lead to an increased opto-

type presentation duringDVATand could allow for alter-

native oculomotor systems (e.g., saccades, gaze holding)
to fixate the eyes on the optotype rather than the VOR

(Honaker and Shepard, 2011; Mohammed et al, 2011).

No participants were excluded based on this criterion.

DVAT was completed with passive movements of the

head (i.e., the examiner moved the participant’s head)

in the yaw plane with 20� excursions to the right and

left at a target velocity of at least 120�/sec. Participants
wore an accelerometer (InertiaCube21, Sourceless
3DOF Tracker, Billercia, MA) on their heads to monitor

head amplitude and velocity. The optotype (the letter E)

appeared on the screen in randomized inversions once

Table 1. Snellen Fraction to logMAR Conversion from the
NeuroCom Clinical Integration Laboratory Manual
(NeuroCom International, Inc., 2013)

Snellen Fraction logMAR Score

20/200 11.00

20/160 10.90

20/125 10.80

20/100 10.70

20/80 10.60

20/65 10.50

20/50 10.40

20/30 10.20

20/25 10.10

20/20 10.00

20/13 20.10

20/10 20.30
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the targeted head velocity was achieved to avoid the par-

ticipant utilizing central oculomotor mechanisms (e.g.,

smooth pursuit, gaze holding) to fixate on the optotype.

Again, the athlete was asked to indicate the direction of
the legs of the “E” (i.e., right, left, up, or down). Similar to

SVA, visual acuity scores were calculated based on the

number of correct responses of the participant; when

the participant accurately identified the direction of the

optotype at 60%, the optotype size decreased, until the

participantwas unable to accurately identify the optotype

direction (NeuroCom International, Inc., 2011). DVAT

scores were also converted from Snellen fraction to
logMAR and compared to SVA values to obtain a DVAT

logMAR loss value for both rightward and leftward

movements of the head (i.e., a difference in the size

of the optotype when the head was in motion compared

to when the head was still). The examiner was provided

visual feedback on the computer screen to achieve opti-

mal velocity and excursion throughout the testing, and

adequate practice was achieved prior to performing the
research measure.

Borg 15-Point Scale and Heart Rate

Ratings of perceived exertion (RPE) and heart rate

(HR) were monitored throughout testing to ensure ad-

equate exertion and rest. The Borg 15-Point Scale (Borg,

1982) is a widely accepted scale to monitor RPE, with

6 points indicating no exertion (i.e., rest) and 20 points in-
dicating maximal exertion levels. Further, this scale was

used in previouswork to examine the effects of exertion on

postural control (BESS) (Susco et al, 2004; Wilkins et al,

2004). Based on the work of Robertson et al (2000) and

Moyna et al (2001), as well as Susco et al (2004), a score

of 15 (“hard or heavy”) on the Borg 15-Point Scale was

considered adequate for exertion levels and has been

correlated with 75–90% maximum oxygen consump-
tion (Moyna et al, 2001; Robertson et al, 2000). The

Nonin GO2 (Plymouth, MN) Achieve was used to mea-

sure HR in beats per minute.

Procedures

All participants were asked to first complete a prelim-

inary SVA and PTT one time prior to administration of
the three DVAT tests. The rest group first performed

DVAT, prior to the beginning of a 20-min rest period

(pretest), whereas the physical exertion group com-

pleted DVAT first, prior to beginning a 20-min exertion

protocol (pretest). All participants in the physical exer-

tion group completed seven stations of physical activity

in the same consecutive order (Station 1–7). All stations

were set-up to allow the participants to immediately
move from one station to the next (i.e., minimal to no

rest time between the different stations). The physical

exertion protocol was based on the work of Susco et al

(2004) and Wilkins et al (2004) to examine the effects of

fatigue on postural control measures. The components

of the physical exertion protocol are described in more

detail in Table 2. We offered verbal cues throughout

the physical exertion tasks to ensure that participants

were exhibiting maximal effort. After completion of the

20-min physical exertion protocol or 20-min rest proto-

col, participants in both groups completed DVAT again
(posttest I), and for a third time 10min after completing

the 20-min rest or physical exertion protocol (posttest

II). See Figure 1 for a more detailed outline of the pro-

tocol for both the physical exertion and rest groups. The

reason for the third time point (i.e., 10 min after com-

pletion of the rest or physical exertion task) was to ei-

ther accept our research hypothesis (no change in

DVAT performance immediately following physical ex-
ertion) or reject our research hypothesis (a DVAT

change immediately following physical exertion) thus

suggesting the need towait a period of time prior to test-

ing; a waiting period of 10 min would be less than the

waiting period required for administering the BESS.

RPE andHRwere recorded in both groups at four inter-

vals: (a) prior to beginning physical exertion or rest, (b) 10

min into the physical exertion or rest protocol, (c) immedi-
ately following the 20-min physical exertion or rest proto-

col (immediately prior to posttest I), and (d) 10 min after

the completion of the 20-min physical exertion or rest pro-

tocol (immediately prior to posttest II). Please refer to Fig-

ure 1 for a more detailed outline of HR monitoring and

RPE recordings during the assessment protocol for both

the control and physical exertion participants. The entire

test battery from start to finish took z35–40 min of the
participant’s time, including the consent process; the par-

ticipants were tested in a single session, which took place

in an athletic performance laboratory.

Statistical Analysis

Descriptive statistics (mean, standard deviation
[SD], and range) were calculated for SVA, PTT, right

and left DVAT logMAR loss, Borg RPE, and HR. To ex-

amine differences in right and left DVAT logMAR loss

Table 2. Twenty-Minute Physical Exertion Protocol

Station Activity Duration (min)

1 Moderate jog at the athlete’s

self-selected pace

5

2 Sprints 3

3 Push-ups 2

4 Sit-ups 2

5 120 step-ups 3

6 Sprints 3

7 Run (maintain the fastest pace

they could for the entire time)

2

Note: Based on the work of Susco et al (2004) and Wilkins et al (2004).
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values, Borg RPE and HR at three times points (pre,

post-I, and post-II) in the two groups (i.e., physical

exertion and control), we used mixed between-within

subjects analysis of variance. Intraclass correlation co-

efficients (ICC; two-way mixed effects model and abso-

lute agreement) with 95% confidence intervals were

calculated to examine the reliability of DVAT across

the three time points. Based on the work of Fleiss
(1986), ICC values of,0.4 were considered poor, values

between 0.4–0.74 were considered to be fair to good, and

values .0.75 were considered to be excellent. All data

were computed and analyzed using SPSS statistical

software (version 21; SPSS Inc., Chicago, IL).

RESULTS

All participants were able to complete DVAT test-

ing at each time point (Table 3). Average SVA

was 20.24 (SD 5 0.09, range 5 20.30 to 20.15) and
PPT was 20.4 (SD5 1.89, range5 20–30) for all partic-

ipants. No significantmain effect was observed between

right or left DVAT logMAR loss across the three times

Figure 1. Outline of the protocol for both the physical exertion and the rest groups. This test protocol is based on the work of Susco et al
(2004), Wilkins et al (2004), and Fox et al (2008) examining the effects of fatigue on the BESS.
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points (pre, post-I, and post-II), Wilks’ lambda 5 0.958,

F(4,23) 5 0.255, p 5 0.904. In addition, no significant

main effect was observed between the physical exertion

and the rest group for right and left DVAT logMAR loss,

Wilks’ lambda 5 0.884, F(2, 25) 5 1.64, p 5 0.215 (see

Figure 2). Also, the paired-samples t test was not sig-
nificant, suggesting no learning effect with repeated

testing.

As anticipated, a significant effect was observed for

Borg and time point, F(2,50) 5 170.52, p , 0.001, and

a significant interaction between time and group was

observed for Borg, F(2,50) 5 203.28, p , 0.001 (Figure

3). Pairwise comparisons revealed significant differ-

ences in Borg rating between each time point (p ,

0.05). Average Borg RPE for the physical exertion

and rest groups at Post-1 time point was 15.79 and

6.1, respectively. A significant difference was also ob-

served for HR and time point, F(2,42) 5 157.09, p ,

0.001, and a significant interaction was observed for

time and group, F(2,42) 5 203.29, p , 0.001 (Figure

4). Pairwise comparisons revealed a significant differ-

ence in HR between each time point (p , 0.001).
The DVAT response reliability was examined across

the three time points for right, left and average (right

and left) DVAT logMAR losses. Fair to good reliability

(ICC values between 0.4 and 0.74) was observed for all

three DVAT responses (Table 4).

DISCUSSION

Concussions are a growing concern for athletes, par-

ents, and health-care professionals. Specifically,

Table 3. Descriptive Statistics (Mean 6 SD and Range) for Right and Left DVA logMAR Loss for the Physical Exertion
and Rest Groups at Each Time Point

Group

Pre DVA Loss Post I DVA Loss Post II DVA Loss

Right Left Right Left Right Left

Physical exertion 0.08 6 0.09 0.10 6 0.08 0.06 6 0.11 0.13 6 0.14 0.07 6 0.08 0.09 6 0.09

20.10 to 0.28 0.00 to 0.20 20.08 to 0.30 20.07 to 0.45 0.00 to 0.26 0.00 to 0.32

Rest 0.10 6 0.08 0.09 6 0.09 0.12 6 0.11 0.11 6 0.12 0.09 6 0.11 0.10 6 0.13

20.01 to 0.22 20.05 to 0.30 20.06 to 0.30 20.06 to 0.30 20.06 to 0.27 20.10 to 0.27

Figure 2. Median DVAT logMAR loss for rightwardmovement for the (A) physical exertion and (B) rest groups, and leftward movement
for the (C) physical exertion and (D) rest groups, across the three time points (pre-exertion I, post-exertion I, and post-exertion II). The
numbers indicate participants that are outliers.
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determining objective and accurate measures to help

determine safe return to play appears to be a necessary
task for health-care professionals. As stated previously,

dizziness and/or imbalance, and blurred vision or dip-

lopia are common symptoms for athletes and military

personnel sustaining a head injury (Binder, 1997;

Ingebrigtsen et al, 1998; van der Naalt, 2001; Gottshall

et al, 2003; Gottshall and Hoffer, 2010). The exact

mechanisms causing dizziness and vertigo, as a result

of a concussion, are still under investigation. Concus-
sions have been found to affect both the periph-

eral vestibular mechanisms, and the central vestibular

pathways (Linthicum and Rand, 1931; Barber, 1969;

Kay et al, 1971; Gannon et al, 1978) and this disruption

can result in difficulty with standing balance or gaze

stability (Mucha et al, 2014; Ellis et al, 2015; Honaker

et al, 2015). Specifically, we can see gaze stability symp-

toms brought out during movements of the head,
and due to this, emerging literature recommends the

use of DVAT posthead injury, including concussion

(Gottshall et al, 2003; 2007; Gottshall and Hoffer, 2010;

Kaufman et al, 2014). Based on our findings, DVAT

may be warranted as a more immediate postconcussion

assessment.

To our knowledge, this is the first study examining

the effects of physical exertion on the DVAT test. Our
results revealed that DVAT, a clinical visual–vestibular

measure, was not affected by physical exertion. This is

contrary to previous results found using other balance

measures (i.e., postural control measures, Susco et al,

2004; Wilkins et al, 2004; Fox et al, 2008). There was

no change in DVAT logMAR loss for both rightward

and leftward movements of the head across the three

time points for both groups. Furthermore, our results,
as well as results from Kaufman et al (2014) and Ward

et al (2010) revealed fair to good test–retest reliability

for DVAT response (DVAT logMAR loss; Table 4) for

serial monitoring of changes in function over time.

Therefore, DVAT may be an alternative option for

more immediate postconcussion balance assessment

on the sideline, and a complement to existing concus-
sion assessment measures (i.e., postural control).

Recently, Mucha et al (2014) developed a vestibular/

ocular motor screening (VOMS) to evaluate symptoms

of dizziness postconcussion. This screening measure

(5–10 min in duration) examines athlete reported symp-

toms during seven subtests examining ocular-motor

and VOR function. Results from this study suggest that

using this screener had high sensitivity and specificity
for identifying concussions; however, one limitation of

this screening protocol is that it relies on the athletes

to report symptoms (Mucha et al, 2014). It is well docu-

mented that athletes underreport symptoms postcon-

cussion to avoid sitting out of play (McCrea et al,

2004; Williamson and Goodman, 2006). One advantage

of DVAT is that it provides an objective measure of vi-

sual acuity during movements of the head that can be
compared back to the athlete’s baseline performance

and do not rely on symptom report from the athlete.

Clinical Significance

Accurate, objective, and immediate sideline concus-

sion assessments regarding safe return to play have

proven to be a challenging task for the health-care pro-
fessionals involved (i.e., the team physician or athletic

trainer) (Putukian et al, 2013). Current concussion

position statements and evidence-based practice guidelines

recommend balance and gait measures for concussion

identification and recovery monitoring (Notebaert and

Guskiewicz, 2005; Giza et al, 2013; McCrory et al,

2013); however, the specific recommendations of balance

measures often only include postural control assessment
(Guskiewicz et al, 2004; Giza et al, 2013; Harmon et al,

2013). These measures assess an individual’s ability to

maintain upright stance, but do not provide insight into

Figure 3. RPE for both groups (physical exertion and rest),
across the three time points (pre-Borg, post I-Borg, and post II-
Borg). A score of 15 (“hard or heave”) on the Borg 15-Point Scale
was deemed adequate exertion and has been correlated with
75–90% maximum oxygen consumption (Robertson et al, 2000;
Moyna et al, 2001; Susco et al, 2004). *p , 0.05.

Figure 4. Average HR for both groups (physical exertion and
rest), across the three time points (pre-HR, post I-HR, and post
II-HR). *p , 0.05. BPM 5 beats per minute.
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potential deficits to an athlete’s visual–vestibular system.

As stated previously, symptoms of dizziness, blurred vi-

sion, and diplopia are common following a head injury

(Lovell, 2009; Aligene and Lin, 2013), and DVAT testing

iswarranted to objectively assess the gaze stability system

in order to ensure clear vision during head movements

and to determine safe return to play.

Limitations

While our results suggest that there is no effect of

physical exertion on DVAT, this study was performed

in a controlled environment, and it is not realistic to

sideline concussion assessment. All testing was com-

pleted in a quiet environment and the computer screen

was placed on a plain, white wall to avoid any visual
distractions. Therefore, it is unknown how background

noise and visually complex environments will im-

pact DVAT performance. BESS performance has been

shown to decrease (i.e., increase in the number of er-

rors) in the sideline environment (Onate et al, 2007;

Rahn et al, 2015). To our knowledge, the effects of back-

ground noise and visually complex scenery on DVAT

have not been investigated and future studies will need
to explore this.

Another limitation of this study was the lack of re-

peated SVA and PTT at the repeated time points. Since

we did not test SVA and PTT immediately following

physical exertion, we cannot say whether there was

an effect of physical exertion on either of these test mea-

sures that may have impacted the DVAT results. How-

ever, since there does not appear to be a significant
difference in DVAT scores, it is suggested that SVA

and PTT were stable as well.

Furthermore, there is the possibility of learning ef-

fects from the pretest to the posttests. Clinically, we

aimed to get the individual’s best performance on this

novel task; therefore, abnormal findings were repeated

to ensure accurate results. Furthermore, paired-sample

t tests between time points were not significantly differ-
ent from one another and support that performance did

not significantly improve in the later trials due to prac-

tice or learning effects. Contrary to our findings, Kaufman

et al (2014) found a significant difference in DVAT

performance from the initial test to the second test

(mean time between test 5 6.1 days, SD 5 63.6) that

may suggest a learning effect. The authors suggest that

by performing multiple initial tests (i.e., repeating to

get the best performance), learning effectsmay decrease

and the clinical usefulness may increase (Kaufman et al,

2014). Finally, future studies need to examine the test–
retest reliability of DVAT that is more realistic to when

DVAT would actually be administered postconcussion

(i.e., months to years following baseline testing). Deter-

mining the test–retest reliability and reliable change

indices using a more realistic time interval will help de-

termine the clinical utility of DVAT in the concussion

assessment battery.

CONCLUSIONS

There is a need for health-care professionals tomake

quick decisions on the sideline regarding safe

return to play. For a safe return to play, it is imperative

that the athletes’ have functioning visual–vestibular

systems to maintain clear visual imaging of the world

while in these dynamic environments. Therefore, incor-
porating DVAT postconcussion in addition to postural

control measures may ensure safer return to play.

Our preliminary findings suggest that DVAT was not

affected by physical exertion and this test may provide

a more immediate measure postconcussion. The authors

recognize that inclusion of DVAT into the concussion pro-

tocol will not replace the BESS but could complement the

current concussion standards for balance concussion as-
sessment. Future studywill need to examine other factors

that may influence sideline performance on DVAT, as

well as determine the clinical utility of DVAT in the con-

cussion assessment battery.
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