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Abstract

Objectives—To evaluate the effect of concussion on clinically-measured reaction time (RTjin)
with comparison to a computerized reaction time measure (RT¢omp)-

Design—~Prospective, repeated measures observational study.
Setting—Athletic training clinic at an NCAA Division | university.

Participants—Data are reported for 9 collegiate athletes with acute concussion who were part of
a larger cohort of 209 athletes recruited from the university’s football, women’s soccer, and
wrestling teams prior to the start of their respective athletic seasons.

Methods—Baseline RT¢ji, and RT¢omp Were measured during pre-participation physical
examinations. RT i, measured the time required to catch a suspended vertical shaft by hand
closure after its release by the examiner. RT¢omp Was derived from the simple reaction time
component of the CogState-Sport computerized neurocognitive test battery. Athletes who
subsequently sustained a physician-diagnosed concussion underwent repeat RTjin and RT¢omp
testing within 72 hours of injury. A Wilcoxon signed rank test was used to compare baseline and
after-injury reaction times.

Main Outcome Measurements—After-injury changes in RT¢jin and RT¢omp calculated with
respect to each athlete’s own pre-season baseline value.

Results—After-injury RTji, was prolonged in 8 of the 9 concussed athletes, while RT¢omp Was
prolonged in 5 of the 9 concussed athletes. Mean RTi,, increased from 193 + 21 msto 219 + 31
ms (p = 0.050), and mean RT¢omp increased from 247 + 75 to 462 + 120 ms (p = 0.214).

Conclusions—We conclude that RTi, appears to be sensitive to the known prolongation of
reaction time following concussion, and compares favorably to an accepted computerized reaction
time measure. This study supports the potential utility of RTi, as part of a multi-faceted
concussion assessment battery.

INTRODUCTION

Sport related concussion is a common and serious injury. Recent estimates from the CDC
are that approximately1.6 to 3.8 million sport associated traumatic brain injuries (TBI’s)
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occur annually in the United States, with the vast majority classified as mild TBI, or
concussion [1]. Epidemiological studies have shown that concussion accounts for 5-10% of
all injuries associated with organized sport participation at the high school and collegiate
levels [2, 3]. Concussions were once considered minor injuries that an athlete could play
through without consequence. However, an explosion in the number and quality of
concussion research articles published in the scientific literature over the past 20 years
coupled with a great deal of recent attention in the popular press have largely changed this
attitude. Traumatic brain injury and the issue of determining the readiness of a concussed
athlete to return to sport participation are now considered major public health issues [4, 5].
The appropriate diagnosis and management of concussed athletes remains of primary
importance in minimizing the short-term effects of injury on an athlete and preventing poor
outcomes that can result from premature return to sport participation. In addition, there has
recently been increasing attention focused on the potential long term effects repeat or
mismanaged concussions can have on athletes later in life [6-8].

With these considerations in mind, it is of clear importance that sports medicine providers be
able to properly diagnose and manage these injuries. A significant challenge faced by
physicians and the other sports medicine providers who evaluate concussed athletes is that
there is no single diagnostic test for concussion. Given the heterogeneous nature of this
injury, a multi-faceted approach to assessment is essential. All recently published
concussion management guidelines appropriately emphasize the value of such a multi-
faceted approach [9-11]. The concussion evaluation should assess the presence and severity
of typical concussive symptoms and neurological signs including balance and cognition.
Standardized assessment tools can be helpful as they allow for comparison of a concussed
athlete’s after-injury performance to their own pre-season baseline. One form of
standardized assessment tool that has been growing in popularity among the sports medicine
community for this purpose is the computerized cognitive assessment battery. While
numerous computerized test programs exist [12-14], all share several features, one of which
is the ability to assess reaction time (RT).

Impaired RT is one of the most common cognitive sequelae of concussion. It represents one
of the most sensitive indices of cognitive change following concussion [15, 16] and has been
shown to have prognostic value in predicting time to recovery [17]. Reaction time is
typically prolonged immediately after injury with a gradual return back to baseline during
the recovery period [18-24]. Impaired RT generally parallels the presence of other self-
reported concussion symptoms [18, 22, 25, 26], but in some athletes RT remains impaired
even after the athlete has become asymptomatic [21, 23, 27]. Therefore, RT assessment is an
important component of the sports medicine provider’s concussion assessment battery that
can increase the sensitivity of the clinical examination for detecting the effects of sport
related concussion. In addition to its importance as a sign of concussion, impaired RT has
functional relevance given that a rapid RT is necessary for injury avoidance. Unfortunately,
the dependence of current RT assessment tools on a computer platform running specialized
software limits their utility as a sideline assessment tool and makes them inaccessible to
many youth athletes who play in leagues with limited financial resources.

To broaden the availability of RT measurement, we developed a simple visuo-motor RT test
that can be used on the sideline or in the athletic training clinic. In pilot work this clinical
measure of RT (RTji,) was reliable and valid with comparable stability from season to
season to reaction time measures currently included in computerized cognitive assessment
batteries [28-30]. We have also shown functional relevance of RT i, as it is highly
correlated with the ability to quickly raise the hands to protect the head in a simulated sport
environment [31]. This study’s primary aim was to determine the effect of concussion on
RT¢jin by comparing pre-season RTjin to RTjin after sport related concussion. A secondary

PM R. Author manuscript; available in PMC 2013 May 03.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Eckner et al.

METHODS

Subjects

Page 3

aim was to compare the effect of concussion on RTin to its effect on an accepted and
validated computerized measure of RT (RT¢omp)-

We recruited 209 student-athletes at a single university during pre-participation physical
examinations over 2 seasons. Members of the football, women’s soccer, and wrestling teams
who were at least 18 years of age at the time of their pre-participation examination were
eligible to participate. Athletes were excluded if they were recovering from an acute
concussion or an upper extremity injury that would prevent them from completing the RTjin
task. Each athlete provided informed written consent approved by the IRB at the authors’
institution before completing baseline RT¢jin and RT¢omp assessments.

Data Collection

The RTy)in test protocol used has been previously described [28, 29]. In brief, athletes sat
with their forearm resting on a desk surface with their hand at the edge such that it was held
sufficiently open to fit around, but not touch, the weighted disk portion of the RT i,
apparatus (Figure 1a). The apparatus is a rigid 80cm cylinder coated in high-friction tape,
marked in % cm increments, and affixed to a weighted disk at one end. The examiner
vertically suspended the device with the top of the weighted disk aligned with the superior-
most aspect of the athlete’s open hand. The examiner released the apparatus after randomly
determined delay intervals between 2 and 5 seconds to prevent the athlete from anticipating
its time of release. Upon release, the athlete caught the device as rapidly as possible by hand
closure (Figure 1b). The distance (in cm) the apparatus fell before being caught by the
athlete was recorded and used to calculate RTin, (in ms) for each trial using the formula for
a body falling under the influence of gravity (d = % gt2). Each athlete performed 2 practice
trials, followed by 8 data acquisition trials. Mean (SD) baseline RTin values were
calculated for each athlete.

RTcomp Was derived from each athlete’s performance on the simple reaction time component
of CogState-Sport (Version 5.6.4. Melbourne, Australia: CogState, Ltd.) as previously
described [28]. CogState-Sport is a computerized neurocognitive assessment battery
composed of 4 tasks assessing simple reaction time, choice reaction time, learning, and
working memory. CogState-Sport also includes a brief self-reported concussion history and
concussion symptom assessment using the Sideline Concussion Assessment Tool (SCAT)
[32]. CogState-Sport’s repeatability [16, 33] and sensitivity to the cognitive effects of sport-
related concussion [18] are well described in the literature, and the program has been
generally accepted by the sports medicine community for use as a concussion assessment
tool. The CogState-Sport program performs a series of integrity checks on each test aimed at
detecting poor effort or understanding of the test protocol on the part of the test-taker in an
effort to ensure valid baseline to after-injury comparisons. The simple reaction time
component of the test battery requires the athlete to depress a computer key as rapidly as
possible in response to a playing card displayed on the monitor turning face-up. Mean (SD)
baseline RT¢omp Values (in ms) were calculated for each athlete from their raw CogState-
Sport simple reaction time data.

During the 2-year study period, 9 student-athletes sustained a physician-diagnosed
concussion and repeated RTjin and RT¢omp assessments within 72 hours of injury. The
after-injury RT¢jin and RT¢omp tests were performed using an identical protocol to that used
for baseline testing. Mean (SD) after-injury RTji and RTcomp Values (in ms) were again
calculated, as were the changes in RT¢jin and RT¢omp as compared to each athlete’s own pre-
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season baseline value. Change scores were calculated as after-injury value minus baseline
value, such that decline is represented by a positive value and improvement is represented
by a negative value.

Statistical Analysis

Given the small sample size, a Wilcoxon signed rank test was used to compare baseline and
after-injury reaction time test performances. Effect sizes for RTjin and RT¢omp Were
described using Cohen’s d. While the small sample size precluded any formal sub-group
analyses, changes in RT¢jin and RT¢omp were descriptively compared or plotted based on
prior history of concussion, presence or absence of loss of consciousness and post-traumatic
amnesia, and concussion symptom scores using the total SCAT post-concussion symptom
score as well as the “feeling slowed down” SCAT sub-score.

RESULTS

Demographics, concussion histories, basic injury characteristics, and SCAT scores at the
time of after-injury assessment for the 9 concussed athletes are presented in Table 1. As
compared to their own baseline results, after-injury RTjin and RT¢omp Values were
prolonged in 8 (89%) and 5 (56%) of the 9 concussed athletes, respectively (Table 2). On
average, RTjin was 26 ms slower after concussion (p = 0.050) and RT¢omp was 215 ms
slower (p = 0.214). The effect sizes for RTjin and RT¢omp Were 1.03 and 2.20, respectively.

There appears to be a trend of greater after-injury change in RTi, in those athletes who
have had more prior concussions as compared to those who have not, however no similar
trend is apparent for RTomp (Table 3a). The changes in RT¢jin and RT¢omp in the athlete
whose concussion was associated with loss of consciousness do not appear to differ from
those of the other 8 athletes (Table 3b). There does appear to be a trend toward greater after-
injury change in RT¢jin and RT¢omp in the 3 athletes whose concussions were associated
with post-traumatic amnesia as compared to the 6 athletes whose injuries were not (Table
3c). When changes in RTji and RT¢omp are plotted against total SCAT post-concussion
symptom scores and the “feeling slowed down” SCAT sub-score, the only apparent trend is
between RTin, and the “feeling slowed down” SCAT sub-score (Figure 2).

DISCUSSION

This study’s primary aim was to determine the effect of concussion on RTjin. In this sample
of 9 concussed athletes, RTin was, on average, 13.5% slower after injury as compared to
the athlete’s own preseason baseline. The associated effect size of 1.03, which represents the
magnitude of the difference between the athletes’ baseline and after-injury RTjin
performances proportional to the variability in RTgjin, is generally considered to be large
[34]. Only 1 of the concussed athletes demonstrated a faster RTin after injury. Given that
this athlete was also faster on RT¢omp after injury, it is possible that this particular
concussion did not cause a slowed reaction time. While concussions do typically result in
slower reaction times, every concussion is unique and this phenomenon is not universal.
Consistent with this, the athlete rated the subjective symptom of “feeling slowed down” as a
1 on his after-injury SCAT suggesting that he perceived minimal psychomotor slowing. An
alternative explanation is that this athlete did not perform optimally during his baseline test
sessions, a possibility supported by the observation that his baseline RTjin and RT¢omp
values were both among the slowest in our sample. Overall, these findings suggest that
RTiin IS, in fact, sensitive to the expected prolongation of RT following concussion.

A secondary study aim was to contrast the effect of concussion on RT¢jin and RT¢omp.
Although RTjin was more frequently prolonged than RTcomp, the average magnitude of
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change was greater for RT¢omp, as was its variability. This effect was driven by two athletes
whose after-injury RTcomp Values were highly variable and very slow. Both of these athletes
failed at least one of the CogState-Sport integrity checks during these after-injury
evaluations and close inspection of the full reports for these test sessions reveals that their
performance was very slow throughout all 4 of the CogState-Sport test modules. These
findings are unlikely to be entirely attributable to cognitive slowing as a result of the
athletes’ concussions. One possible explanation is distraction due to headache or some other
post-concussion symptom. Another possible explanation is poor motivation due to the fact
that the athletes already recognized that they had sustained a concussion and would not be
immediately cleared to return to play regardless of their performance on that particular after-
injury test. We do not believe that these athletes had any problem understanding the
computerized test procedure because both had completed valid baseline tests at the
beginning of the season during which they sustained their concussions. It is interesting to
note that, although both of these athletes did have slower post-concussion RTjin
performances, the magnitude of slowing is much smaller for RTji, than for RT¢omp.
Potential reasons for this difference include the fact that RTi, is bound by a maximum
value of approximately 400 ms, the amount of time that elapses between release of the
device and contact with the ground, while RT¢omp has no upper limit. Also, athletes may
more consistently attend to RT i, testing because it involves direct interaction between the
athlete and the examiner, is an intrinsically more interesting task, and lasts only 3-5 minutes.
In contrast, RTcomp testing does not involve human interaction, requires a more mundane
task (pressing a computer keyboard key), and is part of a longer 15 minute test battery.

While no definitive inferences can be drawn from sub-group analysis of this small sample of
concussed athletes, 3 interesting trends are noted. First, the magnitude of after-injury change
in RTgin appears to increase as an athlete’s number of prior concussions increases. Prior
studies, including our own previous work using RTjin, have failed to identify a relationship
between an athlete’s prior concussion history and baseline RT measures [28, 35] or after-
injury change in RT [36]; however, a prior history of 2 or more concussions has been
associated with slower recovery of RT impairment following sport related concussion [37].

Second, the after-injury changes in both RTjin and RT¢omp appear to be greater in the sub-
set of athletes who experienced post-traumatic amnesia as compared to those who did not.
Although we are unaware of any studies directly comparing presence or duration of post
traumatic amnesia with after-injury changes in RT, this finding is noteworthy as previous
studies have identified an association between post-traumatic amnesia and various
concussion severity outcome measures [25, 38-41], Third, as illustrated in Figure 2, there
appears to be a positive relationship between the concussed athlete’s subjective rating of
“feeling slowed down” and their after-injury change in RTin. If these apparent trends can
be replicated in a larger sample of athletes with sport-related concussion, then these findings
would further support the face and construct validity of RTin.

The results of this preliminary RTin study are consistent with existing literature reporting
the detrimental short term effects of sport related concussion on computer-based RT
measures. For example, Makdissi et al. [20] reported CogSport-based data obtained within 3
days of concussion in a series of 6 male Australian Rules football players showing an
average increase in simple RT from 292.4 + 88.6 ms at baseline to 339.9 + 128.7 ms after
injury. Similarly, Warden et al. [21] reported ANAM (Automated Neuropsychological
Assessment Metrics)-based data at baseline and 4 days post-boxing concussion in 14 male
military cadets that demonstrated an average increase in simple RT from 254 + 33 ms to 342
+ 36 ms. Larger studies have reported similar trends in short term computerized RT
performance using composite or throughput scores. Examples are McClincy et al. [2006],
who reported impaired IMPACT (Immediate Post-Concussion Assessment and Cognitive
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Test) RT composite scores in 104 high school and collegiate athletes at 2 days and 1 week
following concussion, with return to baseline 2 weeks after injury, and McCrea et al. [22],
who reported impaired ANAM RT throughput scores in 28 high school and collegiate
football players immediately following concussion, with a return to baseline when tested at
post-injury days 8 and 45. While this format of data presentation does not permit direct
comparison with our RTi, results, these findings are consistent with the trend of impaired
RTjin performance in our sample of athletes in the days immediately following concussion.

This was a small, unblinded study and these are potential sources of bias. Therefore a larger,
blinded study is necessary before firm conclusions are drawn. Follow-up studies should
more precisely standardize the timing of after-injury testing and should test at multiple post-
injury time points to monitor trends in RTi, performance during recovery. In addition, non-
concussed athletes need to be tested concurrently to control for the effects of post-
competition fatigue and non-concussion-inducing head contact. Despite the absence of
control data, it is reasonable to hypothesize that repeated RT i, testing in uninjured athletes
would result in faster RT’s given other work showing that baseline RT;, significantly
decreased (became faster) by 11 ms in 102 uninjured college athletes over two seasons [30].

We do not propose that RTyi, should replace computerized testing in athletes who have
access to it, but rather that RTjj, may complement computerized tests. However, should
further work continue to support the sensitivity of RTi, to concussion, then its simplicity,
portability, and low cost all represent advantages over computerized test batteries. These
advantages may allow RTi, to serve as a true sideline tool during the initial evaluation of
an athlete with suspected concussion, a setting in which computerized testing is impractical.

These attributes should also make RTi, available to a broader population of athletes,
particularly youth athletes who sustain the majority of concussions [42] but usually have
limited financial resources. Used with other clinical concussion assessment tools, RTjin has
the potential to become a useful part of the sports medicine practitioner’s multi-faceted
concussion assessment battery.
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Figure 1.
The clinical reaction time procedure. (a) Demonstration of the starting athlete and tester
positioning. (b) Demonstration of the post-drop athlete and tester positioning.
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Figure 2.

Plot illustrating the relationship between after-injury change in RTgin and the athlete’s self-
reported rating of “feeling slowed down” on the SCAT at the time of after-injury testing.
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Table 3

After-injury changes in RT¢jin and RT¢omp in subgroups of athletes based on prior concussion history (a),
presence of loss of consciousness (b), and presence of post-traumatic amnesia (c).

Athlete subgroup n | ARTgin(ms) | ARTemp (M)
a. Prior concussions 0 4 16 34

1 2 17 -11

2 2 26 428

3 1 93 969
b.LOC* Yes | 1 24 -15

No | 8 27 245
c. PTA™ Yes | 3 40 329

No | 6 20 159

*
Loss of consciousness

Ak
Post-traumatic amnesia
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