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Abstract

This research examines cognitive-motor integration (CMI) (thinking and moving) during
eye-hand coordination, a skill commonly required in sport. This study examines CMI in varsity
athletes during their return-to-sport protocol following concussion. Participants were tested on
two novel visuomotor transformation tasks using a computer touch-sensitive tablet attached to a
second external touchpad. Tasks consisted of a standard interaction condition, and a plane change
and reversal condition, in which perception and action were decoupled, therefore requiring CMI.
We observed that these athletes showed performance impairments at the time they were cleared
to return to their sport based on current protocols. We found a lack of improvement compared to
that of control athletes measured at the same time points. As well, some athletes showed deficits
as late as three months following injury. These data suggest that more work needs to be done in

order to better assess and understand the underlying effects of concussion.
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Introduction

Concussion

Concussion, a form of mild traumatic brain injury (mTBI) induced by biomechanical
forces, has recently been referred to as a silent epidemic by the Centers for Disease Control and
Prevention (CDC).! Concussions affect an estimated 1.6-3.8 million Americans? and 653/100,000
Ontario residents® per year. However, given the numbers that remain undiagnosed and unreported,
the actual number of concussions occurring each year is hypothesized to be even larger.>* Many
researchers have indicated that concussions may affect a person’s ability to return to their daily
life and may result in long-term consequences such as difficulty with memory and persistent
symptoms.'*%7 To be diagnosed with a concussion, an individual must have a mechanism of
injury (MOI) and at least one sign or symptom.>’ Mechanisms of injury include a direct blow to
the head, neck, face, or elsewhere on the body causing linear or rotational forces to be transmitted
to the brain.*>” These mechanisms of injury are suggestive of the inertial response of the brain

t.*° Brain areas thought to be commonly affected

within the skull, which can be direct or indirec
in concussion include the upper part of the brain stem, the fornix, the corpus callosum and the

frontal and temporal lobes.*®
Pathophysiology of Concussion

The pathophysiology of concussion is still not fully understood. One of the main
difficulties with diagnosis and recovery from concussion is that microscopic neural damage
cannot be detected when using standard diagnostic imaging techniques.>”*"!® However, it is
speculated that the functional disturbances observed following concussion result from
1H-12 1

neurometabolic effects which cause significant changes in cerebral glucose metabolism.

has been found in both humans and animals that mTBI can alter the brain’s physiology for as



little as a few hours to as long as several years.!*!* In an attempt to restore ionic and cellular
homeostasis, the increased demand for energy coupled with the decreased supply of cerebral
blood flow results in a mismatch between energy supply and demand.” !' During this time of
energy crisis, it is speculated that the human brain is at an increased vulnerability to the effects of
another concussion.'® Along with neurometabolic changes there may also be damage involving
neurotransmission. Specifically, damage to the cytoskeleton of axons results in decreased axonal
transport and therefore, impaired functioning due to slowed conduction.’ Recently, studies using
diffusion tensor imaging (DTI) have found decreased white matter integrity in both the acute and
chronic stages of concussion.!®!” The brain areas in which this decreased integrity was observed
include the corpus callosum, superior longitudinal fasciculus (SLF), and corticospinal tract
(CST). The damage to these areas suggest a decreased connectivity within the frontoparietal

network. 820

Current management and recovery standards
The current diagnosis for sport related concussion is based mainly on the judgment of

physicians>¢7- 2122

with input from athletic therapists/trainers and coaches. In order to clinically
diagnose a concussive head injury, there are many features to look for. These features include: a
direct blow to the head, face, or neck; a direct blow elsewhere on the body which transmits a force
to the head; rapid onset of neurological function impairment; and a presentation of a number of
symptoms in the absence of structural abnormailites on standard structural neuroimaging.®”*-10
Symptoms of concussion are generally grouped into four main categories: physical, emotional,

cognitive, and sleep disturbances™’ (see Table I in Appendix A for a full list of symptoms).

Symptoms of concussion typically resolve within 7-10 days.” Any symptoms lasting longer than



this are considered persistent symptoms and may progress into post-concussion syndrome

(PCS). 42

Current standards of management for sport related concussions and symptoms follow a
Return-to-sport (RTS) protocol.” This consists of 6 stages following diagnosis of concussion, and
24-48 hours of physical and cognitive rest: 1) Symptom limited activity (daily activities), 2) Light
aerobic exercise, 3) Sport-specific exercise, 4) Non-contact training drills, 5) Full-contact
practice, 6) Full return to sport (see Table Il in Appendix A for further detail of the RTS protocol).
These steps are to be monitored by a licensed health care professional. Following diagnosis, each
step requires the athlete to be asymptomatic for 24 hours before proceeding to the next stage.
However, the objective progression of these stages remains difficult as the identification of signs
and symptoms can be complicated due to the lack of abnormalities on structural
neuroimaging.”!%** This makes it difficult for clinicians to accurately determine if the brain has
completely healed following injury. Instead, the majority of Athletic Trainers in the USA (71.2%)
currently use a battery of neurocognitive tests to assess concussion and monitor the stages of
recovery. > As well, a multifaceted approach has recently been adopted to include assessment of
balance, cognitive and mental status, neuropsychological performance, and self-reported

symptoms. 26

One major issue with the current concussion assessments is the sequential analyses of
cognitive and motor abilities, rather than simultaneous assessment. It is well known that an
important aspect of most sports is the ability to think and move at the same time. For example,
movements must be made while incorporating information about the rules of the game, other
players’ positions, and past experiences in specific situations. Therefore, testing cognitive and

motor abilities separately is not a good reflection of the brain networks required during actual



play. As well, it has been found that the sensitivity of any one of the domains, when tested
separately, fails to exceed 70 percent.?® This lack of sensitivity may lead to the inappropriate
management of concussion; which includes things like failure to identify the presence of
concussion, premature return to participation, and increased potential for second impact
syndrome. 2 Athletes are being tested on cognition and motor abilities separately, and then
returning to sport situations in which they are expected to use them together. Previous research
in this area has shown that a proportion of athletes who have been returned to sport based on the
current standards continue to display deficits when tested in areas which require integrative brain

processing, such as cognitive-motor integration. 27252

Management Tools

A common tool used to evaluate an injured athlete for concussion is the Sport Concussion
Assessment Tool (SCAT). This currently consists of a Glasgow Coma Scale and Maddocks Score,
as well as a symptom evaluation, cognitive assessment, neck examination, balance examination,
and coordination examination, for use during sideline assessment (see Appendix C for full
SCATS5).” Over recent years, the SCAT tool has been developing and changing in order to better
identify, and assist with tracking recovery from concussion. However, there is still controversy
as to the validity and effectiveness of the tool. In 2014, Snyder & Bauer (2014) found a significant
age effect on SCAT2 performance such that older adolescents and teenagers produced higher
(better) total scores than younger. These authors suggest that clinical utility may be limited in
children under age 11. As well, Carson, et al., (2014)*° found that 43.5 percent of concussion
cases were returned to play and school too soon. Since then, an updated version (SCAT3) has
been developed in order to improve upon the SCAT2. This included adding the Glasgow Coma

scale to assess the initial severity of injury, and an independent score for each component as



opposed to an overall composite score.>! As well, this included introducing a modified SCAT3
for children under the age of 12.% (See Appendix C for full SCAT3) However, critisisms remained
concerning the lack of indication about specific timing of administration following concussion®?,
and the variability in symptom scales in the absence of concussion.** While the protocol has once
again been updated recently, research continues to suggests that the current version (SCATSY) is
still insufficient in detecting lingering neurological issues following concussion in athletes given
that it continues to measures cognitive and motor abilities subsequently . 2> 2%2° The SCATS is
currently considered the most well-established instrument available for sideline assessment of
concussion, which consists of immediate removal of the athlete from play and assessment of
concussion after a mechanism of injury occurs during play, but the value of the tool decreases
significantly beginning 3 days following concussion.” Therefore, it is best to consider the SCAT
a useful tool for the immediate assessment and diagnosis of concussion, but to remain wary of

using it as a continual tracking tool to monitor the stages of recovery, and clear individuals for

return to play.

Other management tools are commonly used in conjuction with the SCAT to monitor the
stages of recovery from concussion. The Immediate Post-Concussion Assessment and Cognitive
Testing Test battery (ImPACT) is a battery consisting of six modules to evaluate attention,
memory, reaction time, and processing speed.>* This test has been found to have 81.9 percent
sensitivity, and 89.4 percent specificity, deeming it a useful tool to aid in the diagnosis of
concussion.’> However, as mentioned above, this test measures the specified domains separately,
and therefore is not meant to be used in the assessment of recovery. The Balance Error Scoring
System (BESS) is a static posture test consisting of three stances on two different surfaces in order

to test postural stability. While balance itself has been found to be affected by many forms of



brain injury, including concussion®®, the BESS has been found to have issues with intrarater and
interrater reliability.?”*® These issues make it difficult to rely on BESS scores for assessment of
recovery, especially if more than one individual is administering the test. Many other test batteries
exist and may be used by clinicians to aid in the diagnosis and assessment of recovery following
concussion. However, to our knowledge all of these test batteries continue to test multiple facets

separately, creating a lack of completeness to properly deem concussed athletes recovered.

Cognitive Motor Integration

The brain is often required to integrate information to properly execute tasks in everyday
life. The ability to perform movements guided by vision requires visual information from the
environment to be transformed into programed motor outputs, known as visuomotor integration.
There are two main forms of visuomotor integration which we experience: standard mapping
(where the targets of eye and limb movements are spatially congruent), and non-standard
mapping (where there is a spatial dissociation between movements of the eyes and limb and a
rule is required in order to successfully execute the appropriate motor command).>® It is thought
that the brain concurrently processes information for the eye and hand, simplifying planning and
allowing for quick and accurate movements; this is commonly referred to as the default reaching
network.>**" This network is utilized in standard mapping visuomotor transformations. These
transformations involve looking at the target with which we are directly interacting. For
example, when picking up a coffee cup both our gaze and our reach occur towards one target.
However, if the visual information from the environment does not align with the required motor
program, the brain must use rules to execute an appropriate motor response. 2> *! This type of
visuomotor integration requires non-standard mapping and therefore, the integration of spatial

and cognitive rules.** The decoupling of hand and eye coordination, in combination with rules



required to signfy the association between perception and action’, requires cognitive-motor
integration (CMI)*?. Non-standard mapping can be decoupled in two ways: 1) There is an
arbitrary relationship between the stimulus and the action (e.g. Red traffic light means step on
the brake), 2) There is a transformational dissociation between gaze, spatial attention, or limb
movements, and the target (ex. using a computer mouse when looking at a computer screen.>
This decoupling can then be further separated by two possible recalibrations: spatial or strategic.
Spatial recalibration requires the adaptation of the brain to changes in spatial orientation in order
to align motor output with sensory input.****> For example, when using a computer mouse your
gaze is directed at the screen on a vertical plane, but you are interacting with the mouse on a
horizontal plane. This adaptation is slower and occurs without conscious awareness and
therefore, is considered to be implicit.****¢ The implicit recalibration is thought to occur through
movement inaccuracies signaling an internal error and resulting in correction.*® Conversely,
strategic control requires the integration of a rule that is task-dependent in order to align the
motor response with the target.*>**¢ For example, rotating the computer mouse input 180° such
that you would need to move your hand in the opposite direction of the target in order to
successfully complete the task. This adaptation is considered explicit in nature, given that it
requires external feedback to overcome movement errors. These types of visuomotor
dissociations requiring cognitive-motor integration provide a means of assessing the brain’s

ability to think and move at the same time.

Brain networks involved in CMI
Visuomotor integration is thought to involve a transformation between reference frames
from extrinsic (based on external cues) to intrinsic (based on required joint and muscle

activations).*’* The combination of this information is required to create an appropriate plan of



motor action in order for successful goal directed reaching movements to occur.*>>* This
combination of information may be due to reciprocal connections within the frontoparietal
network — a network that is organized both hierarchically and in parallel in order to produce
coordinated movement. 433! The frontoparietal network has been established as crucial for the
visuomotor integration required for reaching.’® 2 Hierarchically, visual information enters
through the primary visual cortex (V1) of the occipital lobe and is further processed through the
extrastriate cortex. A reaching movement requires the visual information to pass through the
parieto-occipital extrastriate cortex (PO) to the posterior parietal cortex (PPC). The PPC includes
the superior parietal lobule (SPL), inferior parietal lobule (IPL), the median dorsal parietal area
(MDP), and areas of the intraparietal sulcus (IPS); including medial (MIP), lateral (LIP), and
ventral (VIP) intraparietal areas.*”>? It has been determined that these areas are responsible for
creating a spatial representation of both limb and stimulus by receiving information from both
visual and motor areas.*’”> #5240 The areas where motor plans are created — premotor cortex
(PMC); including medial supplementary motor area (SMA), and cingulate motor area (CMA), as
well as the lateral dorsal (PMd) and ventral (PMv) premotor areas — receive information from the
PPC and provide output to the primary motor cortex (M1) in order to create motor execution.*”
52 The activity within the frontoparietal network is responsible for gradually transforming
extrinsic visuospatial information into motor commands for reaching. However, it is not as simple
as described above. This processing required depends on local communication and extensive
reciprocal corticocortical projections that act both serially and in parallel.*®**? Changes in the
pattern of activity of the frontoparietal network, specifically within the PMd>* and SPL**, have
been noted during a non-standard mapping visuomotor task. (see Figure 1 for diagram of

pathways)



Precuneus

Figure 1. Simplified overview of brain regions involved in both standard and non-standard visuomotor
transformation. Dark blue boxes refer to lateral brain areas, pink boxes represent a subdivision within a brain
region, and light blue boxes represent areas found on the medial aspect of the brain. Thick black arrows
denote the hierarchical organization for reaching as described in the paper, while thin black arrows
characterize connections that may play a role in non-standard reaching. Dotted lines symbolize cerebellar
connections within this network. It is important to note that connections are often reciprocal and act in parallel
as well as hierarchically.

Primary visual cortex (V1), parieto-occipital extrastriate cortex (PO), posterior parietal cortex (PPC), superior
parietal lobule (SPL), intraparietal sulcus (IPS), inferior parietal lobule (IPL), premotor cortex (PMC), dorsal
premotor cortex (PMd), ventral premotor cortex (PMv), supplementary motor area (SMA), cingulate motor
area (CMA), primary motor area (M1), dorsolateral prefrontal cortex (DLPFC)



The cerebellum — important for motor coordination, motor learning, and spatial

51,55 40, 45,

attention also plays an essential role in both standard and non-standard reaching tasks.
36 Functionally, the cerebellum can be divided into the vestibulocerebellum, the spinocerebellum,
and the cerebrocerebellum. For the proposed study described below, it is important to note that
lesions to the deep nuclei of the spinocerebellum result in disrupted accuracy, hand path, and
timing errors in reaching movements; while lesions to the deep cerebellar nucleus of the
cerebrocerebellum result in delays in initiating movements and irregularities in movement
timing.>! In particular, it has been shown that cerebellum function is important during the
corrective movement stages, when sensory feedback is accessed and utilized.*® °!->7 Accordingly,
it is not surprising that increased cerebellar activity has been noted in non-standard compared to

standard visuomotor tasks, resulting from the need for corrective movements or possibly due to a

role in the actual dissociation of eye and hand.>®

CMI in the healthy versus concussed brain

Along with differences in brain activation, behavioural differences have also been noted
during non-standard tasks. The previously mentioned required recalibration is thought to be the
reason for these behavioural differences. When vision and action are decoupled, decreased
accuracy and increased movement and reaction time have been noted.’**° While these
behavioural effects are generally well understood in healthy populations, they are less well
understood in those with altered brain function. It is important to understand how these
behavioural differences are linked to functional differences in order to improve prevention,

progression, and rehabilitation for these individuals.

10



The effects of CMI in mild cognitive impairment (MCI)>® and Alzheimer’s patients®-®!

has been noted. These studies found that both MCI and Alzheimer’s patients performed at the
same level as healthy age-matched and young controls on a standard mapping task. However, the
patient population showed signs of difficulty when attempting the decoupled tasks in which CMI
is required.’®*!:*! It is also interesting to note that those with MCI only showed impaired reaction

time and movement time when both spatial calibration and strategic control were required.®

As the frontoparietal network is highly susceptible to the effects of concussion given the
lobe’s anatomical locations, it seems likely that behavioural deficits would become evident during
visuospatial transformation tasks, particularly when cognitive rules are required. Previous work
in from this lab has shown impaired reaction time and movement time in previously concussed
athletes when both spatial recalibration and strategic control were required. 2*%*° However, the
previous work compared concussed participants to control participants at one time-point and
therefore, did not refer back to participants’ baseline measures. Therefore, further work
investigating the longitudinal behavioural impact of concussion on cognitive-motor integration is

needed in order to improve methods of diagnoses, assessment, and recovery.

11



Current Study — Purpose and Hypotheses

Previous research from this laboratory has shown cognitive-motor integration declines in
elite, university-level, child, and adolescent athletes who have a history of concussion (but were
deemed recovered at the time of evaluation) 2?%%. To extend the research into concussion
recovery, the current study examines cognitive-motor integration over a three month period in
young adult athletes going through their clinically-monitored Return-to-Sport (RTS) protocol
following diagnoses of suspected concussion. The purpose of this study is to expand on prior
research by examining CMI changes in concussed athletes throughout the progression of their
recovery period, and compare them with non-concussed athletes at corresponding time points in

order to improve current tracking tools to monitor recovery from concussion.

In accordance with previous findings,?’*%%

we believe using a CMI task will expose
lingering deficits in cognitive-motor performance not detectable by current RTP standards. We
predict that athletes following current RTP protocols will not return to their baseline levels (scored
prior to obtaining concussion) at the time they are deemed safe to begin their return to play. This
prediction would support our hypothesis that our task is affecting diverse brain networks

combining cognition and action, and that these networks are an improved reference point for

indicating neural healing following concussion.

As well, we predict that athletes will have impaired CMI performance following
concussion, as compared to non-concussed controls measured at equivalent time points on the

same tasks.

12



Materials and Methods

Participants
A total of twelve participants were included in the study (Concussion Group n=7, Control

Group n=5). Demographic information and the make-up of the groups can be found in Table 1.
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Table 1. Demographic information including age, sex, sport played, and number of previous
concussions, for concussed and non-concussed control participants. Groups consist of return to
play (RTP) and/or three months post concussion (3mos post) - - denotes a missing value

.. Number of
P;rtlrﬂg a?t Age Sex Sport previous inch gtead i
umbe concussions u
1 19 Male Football 0 RTP
RTP
2 20 Male Football 1 ; .
mos pos
RTP
3 19 Male Football 0 ; .
mos pos
b
Z RTP
5 4 22 Male Football --
g 3mos post
@)
5 19 Female Rugby 0 RTP
) RTP
6 19 Female Women’s 0
Hockey 3mos post
Women’s
7 22 Female Hockey 0 3 mos post
1 18 Female | Field Hockey 0 RTP
% 2 22 Male Soccer 0 RTP
)
© RTP
-az 3 21 Male Soccer 0 _
é Time 3
§ 4 20 Male Football 0 RTP
=
2 _ RTP
5 21 Female | Field Hockey 0 Time 3
ime
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Participants were recruited through York University Varsity athletics and the
Gorman/Shore Sport Injury Clinic, located on York University Campus. The concussed athletes
(Concussion group), as diagnosed by a health care professional, were recruited from York’s
Varsity Football, Men’s Hockey, Women’s Hockey, and Women’s Rugby teams. All rookie
players from York University’s Varsity Football, Men’s Hockey, Women’s Hockey, and
Women’s Rugby were baseline tested prior to the start of their season. As a pilot, control
participants (Control group) were recruited from Varsity level athletes who have no history of
concussion. All participants completed two visuomotor transformation tasks (described below).
Concussion group athletes completed these tasks at timepoints corresponding with their progress
through the stages of RTS(stage 2 -Light aerobic exercise; and three months post conussion) as
well as prior to the start of season (baseline). Control group athletes were measured at average
timepoints signifying a typical progression through the stages of RTS (day 0 - baseline, day 7-10
—return to play, and day 90-100 — 3 months post concussion) for a total of 3 sessions. For clarity,
Control group timepoints will be refered to as baseline, time 2 (corresponding with time of return
to play), and time 3 (corresponding with three months post concussion). Ethics has been approved

through York University’s Research Ethics Board human participants subcommittee.

Baseline testing
Baseline testing consisted of a questionnaire and two visuomotor transformation tasks

executed on the Brain Dysfunction Indicator (BrDI™) system (explained below).

The questionnaire was used to determine a) age, sex, sport, position, b) number, time, and
approximate severity of previous concussions, c¢) video game use, and d)diagnosed neurological
disorders, and family history of dementia or other neurological disorders. During the

questionnaire, participants were verbally informed as to what neurological disorders were. They
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were provided with examples such as: Attention Deficit Disorder (ADD), Attention Deficit
Hyperactivity Disorder (ADHD), Epilepsy, and Migraines. Please see Appendix B for full

questionnaire.
No participants analyzed had been diagnosed with neurological disorders.

Experimental task

All participants were tested on two visuomotor transformation conditions per session,
executed using the Brain Dysfunction Indicator (BrDI™) software. These tasks were presented
on a tablet computer (ASUS Transformer Book T100 2 in 1 tablet) in a vertical position, and an
external touchpad (Keytec™, 28.5cm x 21.5¢cm, 60Hz sampling rate) situated perpendicular (i.e.
in the horizontal plane) to the tablet screen (see Figure 2 for diagram). Participants sat at a desk
such that they could comfortably reach both the table touchscreen, and the external touchpad.
Each session consisted of one standard (direct interaction) and one non-standard (indirect

interaction) task.

In the standard task, the participants were required to directly interact with the targets on
the vertically oriented touchscreen while wearing a capacitive-touch glove on their preferred
hand. A central yellow target with a diameter of 7.5mm appeared in the center of the screen. Prior
to the initiation of the experiment the participant was instructed to slide their finger on the
touchscreen in order to move a white cursor to the center of the yellow target. Once achieving
this, the center target turned green. After a delay period of 4000ms, a red peripheral target was
presented 55mm away from center (up, down, left, or right) and the central target disappeared.
This served as the “GO” signal for the participant to slide their finger along with the cursor across
the screen directly to the presented peripheral target. After reaching the peripheral target and

remaining there for 500ms, the peripheral target disappeared. This served as the signal for the end
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of the trial. Following a delay of 2000ms, the central target reappeared, signaling the participant
to return to the center to begin the next trial. A total of 16 trials were completed for each condition.

(see Figure 2)
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Start:

Figure 2. Sequence of events during one trial of the standard BrDI task. The yellow circle denotes
the center, or home, target in which all movements begin. Target changes from yellow to green
to signify a movement preparation signal. After 4000ms a red peripheral target appears in one of
four peripheral directions (90° to top, bottom, left or right of center) which signifies the ‘Go’ cue.
The yellow center home target reappears after an inter-trial interval of 2000ms, signaling the end
of the trial. Participant is looking at and moving on the screen where targets appear.

18



In the non-standard (indirect interaction) task, measurement and timing of presentation of
targets remained the same. However, in this task participants were instructed to maintain their
eye focus on the vertically oriented tablet touchscreen, while manipulating the cursor using the
horizontally oriented touchpad. This created a decoupling of vision and action. As well, the
feedback for this task was rotated 180° (i.e. in order to move the cursor left, you slide your finger
right). This created the strategic control requirement. These two levels of decoupling are referred

to as Plane Change and Feedback Reversal, respectively. (see Figure 3)
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®

\4
@

Figure 3. Sequence of events during one trial of the plane change and feedback reversal (non-
standard) BrDI task. The yellow circle denotes the center, or home, target in which all movements
begin. Target changes from yellow to green to signify a movement preparation signal. After
4000ms a red peripheral target appears in one of four peripheral directions (90° to top, bottom,
left or right of center) which signifies the ‘Go’ cue. The yellow center home target reappears after
an inter-trial interval of 2000ms, signaling the end of the trial. Participant is looking at the vertical
screen but moving on the screen perpendicular to where targets appear and in the opposite
direction.
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In all conditions, participants were instructed to look to the target circle and to move as
quickly and as accurately as possible.

Each participant completed 4 trials per target (n=4), per condition(n=2) for a total of 32
trials per participant, per session. An example of individual movement trajectories on both the

standard and non-standard tasks can be found in Figure 4 and Figure 5.

Data processing

Kinematic measures, including timing, finger position, and error data were recorded by
the BrDI software for each trial and converted into a MATLAB readable format using a custom
written C++ application. Unsuccessful trials were detected by the data collection software and
resulted in trial termination if the finger left the home target too early (<4000ms), Reaction time
(RT) was too short, (<150ms), RT was too long, (>8000ms), or movement time was too long
(>10000ms). Trials in which the first ballistic movement exited the boundaries of the center target
in the wrong direction (greater than 45° from a straight line to target) were coded as direction

reversal errors and were analyzed as a separate variable.

Velocity profiles were computed for each successful trial and displayed alongside a
Cartesian plot illustrating finger position data and target locations using a custom analysis

program.

The movement onsets and ballistic movement offsets (the initial movement prior to path
corrections) were scored at 10 percent peak velocity, while total movement offsets were scored
as the final 10 percent peak velocity point once the finger position plateaued within the peripheral
target. In situations where the initial movement successfully brought the finger to the peripheral
target, the ballistic and total movement offsets were equivalent. These profiles were then verified

by visual inspection, and corrections to the movement onset, ballistic movement offsets, and final
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finger position were performed by the author when necessary. The scored data was then processed
to compute 8 different movement timing and execution outcome measures, described in detail
below. Individual trials which exceeded 2.5 standard deviations from the participant’s mean for

each of the outcomes measures was eliminated prior to the calculation of outcomes.

Dependent measures
The kinematic dependent measures in this study have been divided into categories of

movement timing and movement execution. These measures were computed using a custom-

written analysis software (MATLAB®)

Movement Timing

The measured kinematic variables for movement timing were as follows:

1) Reaction Time (RT): The time interval between the central target disappearance and movement

onset (milliseconds; ms).

2) Movement Time: The time between movement onset and offset (millisecond; msec).
Calculated as both total movement (MTTf, full movement time) as well as ballistic movement
(MTDb, initial movement time). If no corrected movements were made, ballistic movements were

equal to full movement times.
3) Peak Velocity (PV): The maximum velocity obtained for each trial (mm/ms).

Movement Execution

Kinematic variables for movement execution were:

1) Normalized path length : the normalized distance travelled between movement onset and offset
(percentage of total path length; %). Calculated as both the normalized full path length (PLN, -

percentage of straight line between starting positing in center target and ending position in
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peripheral target) as well as the normalized ballistic trajectory (PLbN, percentage of straight line

between starting positing in center target and position at initial movement offset).

2) Absolute Error (AE, end-point accuracy): The average distance from the individual movement

endpoints (. x/n, ) y/n) to the actual target location (millimeters; mm).

3) Variable Error (VE, initial-point precision): The distance between the individual movement

ballistic endpoints (62) from each other (millimeters; mm).

4) Percent Direction Reversal errors (%DR): The percentage of total trials that constituted a
deviation of greater than +£45° from the direct line between the center of the central and peripheral

targets.

5) Percentage of Error Trials (%Err): The percentage of total trials in which the participant did

not successfully complete the trial for any reason (other than manual deletion).

Trials were manually deleted based on notes kept during testing sessions. Reasons for manual
deletion included: unresponsive touchscreen, unavoidable distraction causing participant to lose
focus on the trial, removal of finger from the screen, and any other mishaps with the technology
deemed non-reflective of the participant’s performance. Please see Table IV in Appendix A for

summary of number of trials deleted.

Statistical analysis
Statistical analyses were performed using SPSS statistical software (SPSS 24, IBM). In
general, variables were assessed to determine whether concussed athletes had returned to baseline
levels at time of beginning the return to sport protocol as initiated by a physician, and three months
following initial diagnosis of concussion. As well, controls were used to determine whether there

was a learning effect on the task by comparing rate of improvement on all variables with those
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recovering from concussion, and if there was a difference in performance between concussed

individuals and controls at any one timepoint during their recovery process.
The comparison groups were as follows:

Concussion group at Return to play vs. Concussion group at Baseline
Concussion group at 3 months post concussion vs. Concussion group at Baseline
Control group at time 2 vs. Control group at Baseline

Control group at 3 time 3 vs. Control group at Baseline

Concussion group at Baseline vs. Control group at Baseline

Concussion group at Return to play (time 2) vs. Control group at time 2

vV V VYV V¥V VvV V V

Concussion group at 3 months post concussion (time 3) vs. Control group at time 3

A Shapiro-Wilk’s test was done to test for normal distribution on each variable. Repeated-
measure t-tests were used on those normally distributed variables. Non-parametric analysis —
specifically, Wilcoxon signed-rank tests — were used to compare the differences in means on the

non-normally distributed variables. See Table III in Appendix A for distribution of variables.

A Kruskal-Wallis H test was used to compare the Concussion group to the Control group

at all time points in order to compare level of improvement of scores.

As well, z-scores were calculated and used to determine overall scores on related groups
of variables for the Concussion and the Control group. These scores were calculated by
subtracting the individual participant scores at RTP(Time 2), and then three months post
concussion, from the mean of their respective group at baseline and dividing by the standard

deviation at baseline. The overall scores were used to create three groups: Trajectory (absolute
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error, variable error, and normalized full path length), Movement timing (Reaction time, and

movement time), and Success (Percentage direction reversals and percentage errors).

Additionally, a Pearson’s correlational analysis was executed to determine whether a
correlation was present between reaction time and percentage error, and full movement time and
percentage of error, at baseline, return to play, and three months post concussion time points for

the Concussion and Control groups.
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Results

Sample Trajectories
An illustration of the motor behaviour demonstrated by one concussed and one control

participant is shown in Figures 4 and 5. These examples of trajectories for a concussed participant
and a non-concussed control participant on the standard condition (Figure 4) and the non-standard
condition (Figure 5) illustrate that overall concussed participants continue to show a difficulty in

performance while control participants remain relatively consistent.
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Figure 4. Sample Trajectories for Participant 2 (Concussion group) and Participant 5 (Control
group) for the standard condition at baseline, return to play (time 2), and three months post
concussion (time 3). Red dots indicate finger starting position, green lines indicate finger
trajectory along the touch screen, purple circles indicate the targets, blue dots indicate finger
ending position.
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Concussed Participant 2 Non-concussed Control Participant 5
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Figure 5. Sample Trajectories for Participant 2 (Concussion group) and participant 5 (Control
group) for the non-standard condition at baseline, return to play (time 2), and three months post
concussion (time 3). Red dots indicate finger starting position, green lines indicate finger
trajectory along the touch screen, purple circles indicate the targets, blue dots indicate finger
ending position.
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Percentage of direction reversals

The concussion group exhibited zero direction reversals at time of return to play on the
standard condition.The control group exhibited zero direction reversals at baseline, time 2, and

time 3 on the standard condition, and time 3 on the non-standard condition.
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Figure 6. Histogram showing percentage of direction reversals (%) as a function of cognitive-
motor integration (CMI) task condition (standard or non-standard) measured for concussion group

(CHx) and control group (CTL) at baseline, return to play (RTP) (Time2) and three months post
concussion (3mos)(Time3) time points. Error bars represent standard error of the mean (*p<0.05).
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Percentage of error trials
When comparing baseline to return to play, we observed that Concussion group athletes
had a significantly smaller overall percentage of error trials (z =-2.232, p=0.026) in the standard

condition (Figure 7).

When comparing baseline to return to play, we observed that Concussion group athletes
had a significantly smaller overall percentage of error trials (z= -2.214, p= 0.027) in the non-
standard condition (Figure 7). This was unexpected given that our group’s previous work showed

lingering difficulties for athletes with a history of concussion on the non-standard task.

When comparing the Concussion group to the Control group, we observed a significant
difference in percentage of error trials (y>=4.168, p=0.041) on the standard condition at time of
return to play (Time 2), with a mean rank score of 4.08 for the Control group, and 7.63 for the
Concussion group (Figure 7), indicating that controls were actually executing more errors than

Concussion group

Control group athletes exhibited zero errors at Time 3 in both the standard and non-

standard condition, indicating all trials were executed correctly
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Figure 7. Histogram showing percentage of error trials (%) as a function of cognitive-motor
integration (CMI) task condition (standard or non-standard) measured for concussion group
(CHx) and control group (CTL) at baseline, return to play (RTP)(Time2) and three months post
concussion (3mos)(Time3) time points. Error bars represent standard error (*p<0.05).
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Reaction time

When comparing baseline to return to play, we observed that Concussion group athletes
had significantly slower reaction times (t= -3.805, df = 5, p=0.013) in the standard condition
(Figure 8).

When comparing the Concussion group to the Control group, we observed a significant
difference in reaction time (}>=6.585, p=0.010) on the standard condition at time of return to play
(Time2), with a mean rank score of 7.50 for the Control group, and 2.50 for the Concussion group

(Figure 8).

No significant differences were found for the Concussion group, the Control group, or a
comparison between the two for the non-standard condition. However, when comparing baseline
to three months post, we observed that Concussion group athletes had a trend toward faster

reaction times (z= -1.753, p=0.08) in the non-standard condition (Figure 8)
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Full movement time
No significant differences were found on full movement time on any comparisons. See
Figure 9.
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Figure 9. Histogram showing full movement time in milliseconds (ms) as a function of cognitive-
motor integration (CMI) task condition (standard or non-standard) measured for concussion group
(CHx) and control group (CTL) at baseline, return to play (RTP)(Time2) and three months post
concussion (3mos)(Time3) time points. Error bars represent standard error (*p<0.05).
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Absolute Error

When comparing baseline to Time 3, we observed a significant decrease in absolute error
for the Control group athletes (t=-39.957 , df= 1, p=0.016) in the non-standard condition (Figure
10).

No significant differences were found for the Concussion group.
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Figure 10. Histogram showing absolute error in millimeters (mm) as a function of cognitive-
motor integration (CMI) task condition (standard or non-standard) measured for concussion group
(CHx) and control group (CTL) at baseline, return to play (RTP)(Time2) and three months post
concussion (3mos)(Time3) time points. Error bars represent standard error (*p<0.05).
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Variable error
When comparing baseline to Time 2, we observed a significant increase in variable error
for the Control group athletes (t=-3.210, df = 3, p=0.049) on the standard condition (Figure 11).

This was unexpected given the learning effect of the task.

When comparing baseline to three months post concussion, we observed a significant
decrease in variable error for the Concussion group athletes (z=-2.023, p=0.043) on the standard

condition (Figure 11).

When comparing baseline to three months post concussion, we observed a trend towards
decreased variable error for the Concussion group athletes (z= -1.753, p = 0.08) on the non-

standard condition (Figure 11).
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Figure 11. Histogram showing variable error in millimeters (mm) as a function of cognitive-
motor integration (CMI) task condition (standard or non-standard) measured for Concussion
group (CHx) and Control group (CTL) at baseline, return to play (RTP)(Time2) and three months
post concussion (3mos)(Time3) time points. Error bars represent standard error (*p<0.05).
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Peak velocity

No significant differences were found on peak velocity on any comparisons. See Figure
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Figure 13. Histogram showing peak velocity measured as millimeters per millisecond (mm/ms)
as a function of cognitive-motor integration (CMI) task condition (standard or non-standard)
measured for Concussion group (CHx) and Control group (CTL) at baseline, return to play
(RTP)(Time2) and three months post concussion (3mos)(Time3) time points. Error bars represent
standard error (*p<0.05).
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Wilcoxon Signed-ranks table

Due to the small sample size, a Wilcoxon signed-ranks test was used to observe the

number of individual improvements and declines in each variable at each time point in order to

quantify non-significant trends visible in the figures. Using the positive and negative ranks, tables

were constructed indicating the number of participants who exhibited an improvement, decline,

or no change, from their baseline scores. Results can be found below in Tables 2-9. These tests

uncovered interesting patterns in the data, despite not reaching statistical significance.

Table 2. Wilcoxon signed-rank test results comparing return to play versus baseline measures on

the standard task for the Concussion group. *indicates significance

Variable Z P-value # improve # decline # no change
*%DR -2.000 0.046 4 0 2
*%%Err -2.232 0.026 6 0 0
*RT -2.201 0.028 0 6 0
MTf -0.734 0.463 2 4 0
AE -0.734 0.463 2 4 0
VE -1.153 0.249 5 1 0
PLfN -1.363 0.173 5 1 0
PV -1.363 0.173 1 5 0

Table 3. Wilcoxon signed-rank test results comparing Time 2 versus baseline measures on the

standard task for the Control group. No significant differences.

Variable Z P-value # improve # decline # no change
%DR 0.000 1 0 0 4
%Err -0.447 0.655 1 1 2
RT -0.365 0.715 3 1 0
MTT -1.461 0.144 3 1 0
AE -0.365 0.715 2 2 0
VE -1.826 0.068 0 4 0
PLfN -0.730 0.465 2 2 0
PV -0.365 0.715 3 1 0
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Table 4. Wilcoxon signed-rank test results comparing return to play versus baseline measures on
the non-standard task for the Concussion group. *indicates significance

Variable Z P-value # improve # decline # no change
%DR -0.315 0.752 3 3 0
*%Err -2.214 0.027 6 0 0
RT -1.572 0.116 4 2 0
MTT -0.105 0.917 2 4 0
AE -0.105 0.917 4 2 0
VE -1.153 0.249 5 1 0
PLfN -0.524 0.600 3 3 0
PV -0.943 0.345 3 3 0

Table 5. Wilcoxon signed-rank test results comparing Time 2 versus baseline measures on the
non-standard task for the Control group. No significant differences.

Variable Z P-value # improve # decline # no change
%DR 0.000 1.00 2 2 0
%Err -1.095 0.273 3 1 0
RT -0.730 0.465 2 2 0
MTf -0.730 0.465 2 2 0
AE -0.730 0.465 3 1 0
VE -0.365 0.715 3 1 0
PLfN -0.730 0.465 3 1 0
PV 0.000 1.00 2 2 0

Table 6. Wilcoxon signed-rank test results comparing three months post concussion versus
baseline measures on the standard task for the Concussion group. No significant differences.

Variable Z P-value # improve # decline # no change
%DR -0.378 0.705 3 1 1
%Err -1.490 0.136 4 1 0
RT -0.944 0.345 1 4 0
MTT -1.214 0.225 4 1 0
AE -0.674 0.500 3 2 0
VE -1.753 0.08 4 1 0
PLfN -1.483 0.138 4 1 0
PV -0.674 0.500 4 1 0
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Table 7. Wilcoxon signed-rank test results comparing Time 3 versus baseline measures on the

standard task for the Control group. No significant differences.

Variable Z P-value # improve # decline # no change
%DR 0.000 1 0 0 2
%Err 0.000 1 0 0 2

RT -1.342 0.180 2 0 0
MTT -0.447 0.655 1 1 0
AE -1.342 0.180 2 0 0
VE -0.447 0.655 1 1 0
PLfN -0.447 0.655 1 1 0
PV -0.447 0.655 1 1 0

Table 8. Wilcoxon signed-rank test results comparing three months post concussion versus
baseline measures on the non-standard task for the Concussion group. *indicates significance

Variable Z P-value # improve # decline # no change
%DR -0.677 0.498 3 2 0
%Err -1.214 0.225 4 1 0
RT -1.753 0.080 4 1 0
MTf -1.214 0.225 3 2 0
AE -1.483 0.138 4 1 0
*VE -2.023 0.043 5 0 0
PLfN -1.214 0.225 4 1 0
PV -0.405 0.686 3 2 0

Table 9. Wilcoxon signed-rank test results comparing Time 3 versus baseline measures on the
non-standard task for the Control group. No significant differences

Variable Z P-value # improve # decline # no change
%DR -1.342 0.180 2 0 0
%Err -1.342 0.180 2 0 0

RT -0.447 0.655 1 1 0
MTf -1.342 0.180 2 0 0
AE -1.342 0.180 2 0 0
VE -1.342 0.180 2 0 0
PLfN -1.342 0.180 2 0 0
PV -0.447 0.655 1 1 0
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Further Analysis

Z-Scores of change(A)

Given the number of kinematic variables measured on our tasks, z-scores were calculated
to compare individual scores at RTP (time 2) and 3 months post concussion (time 3) to the mean
of each group at baseline. These calculations were used to create overall scores for Trajectory,
Movement timing, and Success. Trajectory consisted of variable error, absolute error, and full
path length; Movement timing consisted of reaction time, and movement time; and Success
consisted of percentage direction reversal and percentage error. Scores on Trajectory, Movement
timing, and Success for each participant can be found below in Table 10,11, and 12, respectively;
(Concussion group) and Table 13, 14, and 15 (Control Group), respectively. Overall, these tables
show that on average, both concussed athletes, and non-concussed control athletes are performing
better than the respective group baselines at both return to play (Time 2) and three months post
concussion (Time 3). However, when Concussion group participants are compared to control
group participants, we see that non-concussed controls are showing improved performance to a
higher degree than concussed athletes, as indicated by the percentage of athletes from each group

who are performing better than baseline levels (Table 16).
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Concussion group

Table 10. Trajectory Score created using z-scores for return to play (RTP) and three months post
concussion (3 mos. post) on both the standard and non-standard condition for all participants
within the Concussion group; (negative = better)

RTP 3 mos. post
Participant Standard Non-standard Standard Non-standard
1 -1.211 -0.501 -- -
2 0.248 2.029 -0.979 -0.028
3 -0.474 -0.124 -0.077 -2.224
4 0.658 -0.946 1.468 -0.302
5 -2.556 -2.267 -- -
6 -0.157 -1.170 -4.416 -2.843
7 -- -- -3.546 -1.874

Table 11. Movement timing Score created using z-scores for return to play (RTP) and three

months post concussion (3 mos. post) on both the standard and non-standard condition for all

participants within the Concussion group; (negative = better)

RTP 3 mos. post
Participant Standard Non-standard Standard Non-standard
1 2.441 -0.678 -- --
2 1.435 -0.852 -0.744 -1.721
3 1.860 0.878 0.973 0.037
4 0.441 -1.711 -0.663 -0.377
5 1.024 -1.939 -- --
6 0.419 -0.603 0.824 -0.759
7 -- -- -1.999 -2.146

Table 12. Success Score created using z-scores for return to play (RTP) and three months post
concussion (3 mos. post) on both the standard and non-standard condition for all participants
within the Concussion group; (positive = better)

RTP 3 mos. post
Participant Standard Non-standard Standard Non-Standard

1 1.118 -1.20 -- --

2 1.118 -0.09 -0.111 -0.588

3 1.118 -0.22 1.118 -0.22

4 0.503 1.30 1.118 0.86

5 1.118 2.16 -- -

6 1.118 1.75 0.503 1.699

7 - - -3.02 1.297
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Control group

Table 13. Trajectory Score created using z-scores for Time 2 and Time 3on both the standard and
non-standard condition for all participants within the Control group; (negative = better)

RTP 3 mos. post
Participant Standard Non-standard Standard Non-standard
1 4.298 -1.927 -- --
2 3.614 -1.556 -- --
3 -1.212 -0.783 0.846 -3.73
4 0.773 -1.418 -- --
5 -- -- -2.408 -5.909

Table 14. Movement timing Score created using z-scores for Time 2 and Time 3 on both the
standard and non-standard condition for all participants within the Control group; (negative =

better)
RTP 3 mos. post
Participant Standard Non-standard Standard Non-standard
1 -1.157 -0.517 -- --
2 -2.363 -2.512 -- --
3 0.664 -0.357 0.504 -1.60
4 -1.422 -1.136 -- --
5 -- -- 3.138 2.796

Table 15. Success Score created using z-scores for Time 2 and Time 3 on both the standard and
non-standard condition for all participants within the Control group; (positive = better)

RTP 3 mos. post
Participant Standard Non-standard Standard Non-standard
1 -0.679 -1.677 -- -
2 0.957 0.53 -- --
3 1.844 1.26 1.844 2.530
4 1.43 0.782 -- --
5 -- -- 1.844 2.530

Table 16. Percentage of athletes from both the Concussion group (CHx), and Control group
(CTL), who had z-scores indicating improved performance on Trajectory, Movement timing, and
Success on the non-standard condition.

Time point Trajectory Movement Timing Success
CHx CTL CHx CTL CHx CTL
Return to Play 83% 100% 83% 100% 50% 75%
3 mos. post 100% 100% 80% 50% 60% 100%
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Correlational analyses
Based on the speed-accuracy trade-off hypothesis, a pearson’s correlation was calculated

between reaction time and percentage error, and full movement time and percentage of error, at
baseline, return to play, and three months post concussion time points for the Concussion group
and baseline, Time 2, and Time 3 for the Control group. The results can be found below in Table17
(Concussion group) and Table 18 (Control group). These tables indicate a strong, positive
correlation (r=0.814, p=0.049) between reaction time and percentage of error trials for the
Concussion group athletes on the non-standard condition, at the time of return to play. No other
statistically significant correlation patterns were found between reaction time and percentage of
error trials, or full movment time and percentage of errors on either the standard or non-standard

condition for the Concussion group or the Control Group.
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Table 17. Results of Pearson’s correlation to compare reaction time (RT) and percentage of error
(%ETrr), and full movement time (MTf) and percentage of error at baseline, return to play (RTP)
and three months post concussion (3 mos post) time points on both the standard and non-standard

task, for the Concussion Group

Time point

RT vs. %Err
Standard

RT vs. %Err
Non-standard

MTT vs. %Err
Standard

MTT vs. %Err
Non- standard

r-value (p-value)

r-value (p-value)

r-value (p-value)

r-value (p-value)

Baseline

0.111 (0.575)

0.006 (0.977)

-0.335'(0.081)

0.86 (0.665)

RTP

-0.574 (0.234)

0.814* (0.049)

-0.059 (0.912)

0.448 (0.372)

3 mos post

0.347 (0.567)

0.547 (0.340)

-0.302 (0.621)

0.477 (0.417)

*(p<0.05)

t trend towards statistical significance

Table 18. Results of Pearson’s correlation to compare reaction time (RT) and percentage of error
(%Err), and full movement time (MTf) and percentage of error at baseline,Time 2, and Time 3
time points on both the standard and non-standard task, for the Control Group

Time point RT vs. %Err RT vs. %Err | MTfvs. %Err | MTfvs. %Err
Standard Non-standard Standard Non- standard
r-value (p-value) | r-value (p-value) | r-value (p-value) | r-value (p-value)
Baseline -0.827' (0.084) -0.619 (0.265) | -0.857' (0.064) -0.704 (0.184)
Time 2 0.179 (0.821) -0.538 (0.462) -0.647 (0.353) -0.934' (0.066)
Time 3 / / / /

/ - no errors were made

t trend towards statistical significance
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Discussion

The aim of this study was to determine whether athletes cleared by current return to sport
protocols had lingering functional deficits making it unsafe for them to be returned to play. As
well, this study looked at whether a computer-based congnitive-motor integration (CMI) task
could be used to evaluate athlete’s recovery from concussion in a more sensitive and objective

way than current protocol measures.

Results of this preliminary study demonstrate that concussed individuals are able to
improve upon certain aspects of the CMI task; however, other aspects of the performance suffer.
As well, concussed athletes may not be improving on the task at the same rate as non-concussed
control athletes. Our hypothesis that athletes have lingering deficits despite being cleared by
current return to sport protocols is partially supported, but requires further research. When
compared to baseline measures, Concussion group athletes exhibited improved performance by
reducing the percentage of error trials, but with this there appeared to be an effect on reaction
time and full movement time. As well, Concussion group athletes continued to show direction
reversal errors, and overall errors on the task even at 3 months post concussion, while control
athletes were able to perform all BrDI™ trials successfully by this time. In using histograms,
supported by data from Wilcoxon signed-ranks test, interesting tendencies were observed when
comparing Concussion group patterns to Control group patterns, and Concussion group
performance at the different time points, despite the current lack of statistical significance.
However, due to the small sample size measured in this study, we believe certain results not

statistically significant at this time may show significance with a greater sample size.
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Concussion and learning a novel cognitive-motor integration task

Recent studies have found both cognitive and motor alterations in those with a history of
concussion?’282%6263 For example, De Beaumont et al. (2012) found that GABA-mediated
intracortical inhibition in the primary motor cortex (M1) as caused by concussion was associated
with reduced motor learning ability in these participants®®. As well, Collins, Grindel, and Lovell
(1999)%* used a large sample of 393 university football athletes to assess the relationship between
concussion history and cognitive performance. They found that a history of concussion was
associated with reduced cognitive performance on neuropsychological tests. Importantly, the
BrDI™ task used in this study has detected lingering deficits following concussion in a wide
variety of athletes.?”?®?° Therefore, based on previous research and the use of an already validated
task, we would expect to see a significant decline in Concussion group athletes on the
performance of the non-standard condition at the time of return to play, and possibly even at three

months post concussion.

Interestingly, no significant differences are seen in the non-standard condition at return to
play, other than a significant improvement in the number of error trials within the Concussion
group. While this may seem like an indication that the Concussion group is performing well, it is
important to note that this variable takes into account all errors. Therefore, an improvement on
this variable may indicate a better understanding of the execution of the task, but not necessarily
a better overall performance. While not statistically significant, full movement time shows a
pattern of decline by certain participants in this condition.Therefore, while participants are able
to improve on one variable, it may be at the expense of performance on another, which indicates

that participants may still be having difficulties with the overall performance of the task.
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The only statistically significant difference in the concussion group at the three month post
concussion time point is an improvement in variable error. This measures the accuracy of the
participant’s initial movement toward the target. Improvement in this variable may be indicative
of an improvement on the task. Therefore, it is important to then use the control group as a
comparison of what level of improvement should be expected. Due to our small sample size there
is a lack of statistical significance in the control group. However, an underlying trend is still
evident. In Figure 11, it is evident that both groups show a decrease in variable error on the non-
standard condition at what looks like the same rate. This may indicate that Concussion group
athletes are able to successfully improve upon variable error, despite a lack of improvement in

other measures.

When looking at Figure 11, 12, and 13 respectively, we see a pattern of improvement in
variable error and normalized full path length, but a non-significant decline in peak velocity for
the Concussion group on the standard condition when comparing baseline levels to time of RTP.
When observing the same group on the non-standard condition we see a pattern of improvement
only in variable error. Comparing these results to controls, in Figure 8, 9 and 13 respectively, we
see a pattern of improvement in reaction time, full movement time, and peak velocity on the
standard condition; and in Figure 7, 10, 11, and 12 respectively, we see a pattern of improvement
in percentage of error trials, absolute error, variable error, and normalized full path length on the
non-standard condition. This may be an indication of a learning effect of the task, which the
concussion group athletes are clearly not exhibiting. Halstead et al., (2013)% deem it common for
children to experience difficulties learning new tasks and remembering previously learned

material following concussion. Therefore, although the concussion group is not exhibiting
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lingering behavioural deficits per se, the data may indicate that deficits still remain within the

connectivity of the brains and therefore, motor learning abilities of these participants.

Additionally, by using z-scores to create overall scores in Trajectory, Movement timing,
and Success, comparison between Concussion group performance to Control group performance
becomes slightly easier. When observing Trajectory, Movement timing, and Success scored at
RTP, the concussed group shows 83% 83% and 50% improvement, respectively. In comparison,
the control group shows 100% 100% and 75% improvement, respectively. When observing
Trajectory, Movement timing, and Success at three months post concussion the concussed group
shows 80%,100%,and 60%improvement, respectively. In comparison, the control group shows,
50%, 100% and 100% improvement, respectively. Even with these pilot control results, the
Control group appears to be performing better than the Concussion group on all three of the
measures at time of RTP and two of the three measures at three months post concussion.
However, given the size of the Control group, a group comparison is not ideal. Therefore, it is
interesting to compare the individuals within the concussed group to their age and sex matched
controls. For example, Concussion group participant 2 was age and sex matched with Control
group participant 3. When looking at the z-scores for each participant, Control group participant
3 performs better at all time points and conditions on both timing and success. A better
performance by individuals in the Control group when age and sex matched with the Concussion
group is seen in four out of the six comparisons. Therefore, while the data may suggest that
athletes are technically performing back at baseline levels at time of return to play and three
months post concussion, they should actually be improving their performance on the task as seen
with the Control group. This provides support to our hypothesis that athletes are still exhibiting

impairments when compared to non-concussed controls. As well, it provides some evidence that
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the effects of concussion may still be impacting athletes performance at time of return to play and

even three months later.

Concussion and alteration of motor planning

Motor planning is essential to properly execute a goal directed reach. It has been suggested
that integrated position estimates are required at two stages of motor planning when planning
goal-directed reaches; the desired movement vector must first be determined, and then the vector
must be transformed into a joint-based motor command®®. Sober and Sabes (2003)% sought to
determine if different combinations of sensory input are weighted differently depending on the
stage of motor planning for a reach. By displacing visual feedback from the arm prior to
movement onset, they used the resulting movement errors to suggest that the position estimate
for movement vector planning uses mostly visual input, whereas the estimate for the joint-based
motor command uses mostly proprioceptive signals. These results suggest that the brain selects
different combinations of sensory input when estimating the position of the arm depending on
how the resulting estimate will be used. As mentioned previously, visuomotor integration tasks
require the combination of both intrinsic and extrinsic information to create an appropriate motor
plan.*’% Additionally, the frontoparietal network has been established as crucial for the

visuomotor integration required for reaching.’® 2

Specifically, changes within the dorsal
premotor cortex (PMd)>* and superior parietal lobule(SPL)** have been noted during a non-
standard mapping visuomotor task. This, in combination with the suggestion that the
transformation of signals into different coordinate frames create errors through possible additional
noise from computation, or imperfections in their mappings,°® suggests that damage to those areas

responsible for the transformations would make successfully completing the goal-directed reach

very difficult. Specifically, previous studies have found impairment in movement planning in
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concussion, and those at risk for Alzheimer’s and dementia.%” Further, lesions to the deep nuclei
of the spinocerebellum result in disrupted accuracy, hand path, and timing errors in reaching
movements; while lesions to the deep cerebellar nucleus of the cerebrocerebellum result in delays
in initiating movements and irregularities in movement timing.’! Issues with these areas have

been suggested to be common with those who have experienced concussion.

As previously noted, those with mild cognitive impairment have shown impaired reaction
time and movement time on a task with more than one level of decoupling.”® In this study, we
saw similar results in that the Concussion group athletes seem to be exhibiting issues with both
reaction time and movement time; whereby, when reaction time appears to improve, movement
time appears to decline on the non-standard condition at both time points. However, in the
standard condition we do not see this relationship. This supports the idea that the two levels of
decoupling are more sensitive to these impairments than the basic motor task alone. Additionally,
in this study we noted irregularities in variables associated with movement timing such as reaction
time(Figure 8) full movement time (Figure9) and peak velocity (Figure 13) throughout the
standard and non-standard tasks at all time points for the Concussion group athletes. This suggests
that something about the concussive head injury is affecting the abilities of these participants.

However, further research is needed in order to determine the underlying cause of these patterns.

Interestingly, the Control group exhibits a moderate to strong negative correlation
between movement time and percentage of error trials in the standard condition at baseline (r=-
0.857, p=0.064) , and the non-standard condition at both baseline (r=-0.704, p=0.184) and return
to play (r=-0.934, p=0.066). Conversely, the Concussion group exhibits a negative (albeit, weak)
correlation in the standard condition at both time points (r=-0.335, p-0.081) (r=-0.059, p=0.912),

and a positive correlation in the non-standard condition at both time points (r=0.860, p-
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0.665)(r=0.448, p=0.372). It is interesting to note that the Concussion group athletes are
exhibiting a positive correlation on the non-standard task while the Control group athletes are
exhibiting a negative one. As well, it is interesting that the strength of the correlation in the
Concussion group athletes decreases from baseline to RTP, while the correlation in the Control
group increases. These results together may indicate that the athletes of each group initially
applied a different strategy, or perhaps a different combination of sensory input, in the cognitive-
motor integration task. However, it is then important to note that the Concussion group strategy
does not stay the same, or possibly does not work as well, following a concussion. The decrease
in strength of correlation between movement time and percentage of errors at time of return to
play when compared to baseline in the Concussion group suggests a possible change in which
aspects of performance are being focused on and successfully executed. For example, Sober and
Sabes (2005)%® suggest that an increased focused on proprioceptive signals may create faster
reaction times but lower accuracy. While we are not seeing this exact change, a change in the
relationship between two initially strongly correlated variables may point towards a change in
weighting of available information. As previously mentioned, the processing in the frontoparietal
network consists of extensive reciprocal corticocortical projections and changes in the pattern of
activity have been noted during cognitive-motor integration.**>* Therefore, these changes may be
due to damage, as a result of concussion, in communication between the frontoparietal network
required to coordinate the compensatory trade-off strategy, which is still evidently intact in
controls. Importantly, this provides some evidence to the hypothesis that athletes have not
returned to baseline levels of performance as it implies that concussed athletes are having

difficulty successfully employing the same strategy they used at baseline.
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Concussion and immeasurable changes

While currently not fully quantified, another difference in performance is noticeable when
visually comparing trajectories, as demonstrated in Figures 4 and 5. From these trajectories, it is
suggestive of the fact that the concussed group individual has not returned to their baseline
performance ability, while the control participant is performing relatively similar at all time
points. In the sample control participant we see smoother finger trajectories, less variable starting
positions, less variable final positions, and a higher number of successful trials (indicated by the
number of green lines per target). As well, we see that their performance at time 3 looks relatively
the same as their performance at time one. In the sample Concussion group participant we see
more erratic finger trajectories, variability in both starting and ending positions, and a lack of
improvement from baseline to three months post concussion. Studies show that humans’ hands
prefer to travel in a relatively straight path from initiation to target location.®® This type of path
requires increased coordination between muscle activations and joint maniuplations; therefore,
increasing the need for the central nervous system to act on more complex factors.”” While not
statistically significant at a group level, it is evident from the green trajectory lines shown in
Figure 5 that some Concussion group participants are having difficulty controlling their path in
situations requiring increased cognitive control. For this reason, it is important to also compare
concussed individuals to themselves, as well as normative data. While, as a group, the concussed
individuals did not show an abundance of statistically significant changes, it is well known that
concussions present themselves and resolve very differently in different individuals.”! Recently,
assessment tools for concussion are increasingly trying to make measures more objective in order
to allow for more sentive diagnostic measures. However, it is important to take into account the

individual nature of these injuries, and to remain vigilant when assessing an individual especially
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if they are showing possible signs of difficulties but are able to pass objective tests such as SCAT

and ImPACT.

While an objective measure is the ideal standard in order to ensure interrater reliability, it
is unwise to ignore the capability of assessments potentially subjective in nature as an addition to
those objective in nature. For example, one of the symptoms listed on the SCATS symptom
checklist reads “just don’t feel right”. This may seem unuseful to those individuals who have
never experienced concussion, but it may be an indication of underlying deficits. Concussion
literature is not at the stage yet where all signs and symptoms have been linked to their underlying
causes, and given the nature of the injury, there is a possibility it never will be. As shown in this
study, we note changes in performance on kinematic variables but are still speculating as to the
underlying causes. Therefore, it is important to include comprehensive and sensitive objective
measures, as well as supporting subjective components to ensure all bases are covered and no
athletes are cleared before it is safe to do so. If an individual happens to remain below the
threshold of statistical significance on a cognitive-motor integration task, but is still exhibiting
trajectories as those seen in Figure 5, an underlying deficit may still be at play, and to avoid
further injury it would be wise to favour the subjective measure in this case. Additionally, when
observing Figure 7, 8, and 13, a pattern is noticeable amongst the Concussion group athletes
which is not only different from the Control group athletes, but may also be indicative of some
sort of change in performance at time of RTP when compared to baseline, and a trend towards
return to baseline levels at three months post concussion. While we are yet unable to pin point the
nature of this change, or perhaps the best measure with which to quantify it, we suggest this
pattern is indicative of a lingering change in brain function not being detected by current Return-

to-sport protocols.
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The goal of concussion assessments should be to not allow a single individual to return to
an unsafe environment if they are not fully recovered. The data from this study suggests that these
assessments should be updated to include improved objective measures, and subjective sub-

components.
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Conclusion
While concussion is a very difficult topic of study given its heterogeneity, and overall

smaller available sample sizes, it is important to continue improving our current standards of
assessments for the safety of those obtaining this type of injury. Given what appears to be the
impariment of learning on this novel visuomotor transformation task, and the suspected change
in strategy by concussed athletes after concussion, it is assumed that our task is tapping into
diverse brain networks which appear to be affected by concussion. Therefore, it is important to
integrate these types of cognitive-motor integration tasks into current Return-to-sport protocols

in order to have a better overall indication of neural healing following concussion.

As well, it appears that the Concussion group athletes are able to show improvements on
some variables, but this comes with declines on other variables, lasting as long as three months
post concussion. These athletes are unable to effortlessly execute a visuomotor reaching task, in
a controlled environment, with just their finger, but current standards are deeming them fit to
return to a much more complicated environment. Therefore, it is recommended that more detailed,
and also continued monitoring of those diagnosed with concussion through tasks such as BrDI™

which incorporate more difficult cognitive and motor standards combined, be integrated into

current standards.

Lastly, while some behaviours may not be statistically significant, observable changes in
behaviours are, at the very least, a good place to start. While concussion group athletes were able
to successfully pass current protocols and complete some cognitive-motor integration trials, the
visual trajectories for many of them were very qualitatively different from their baselines. The
measurements may not be perfect yet, but it is important to explore all possible indications of

deficits — such as objective performance on kinematic variables, and subjective performance on
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visually observable behavioural changes - in order to appropriately diagnose and return athletes

to play.

In the end, it is evident that behavioural differences exist between those with a history of
concussion and those without, and that Concussion damage may still be present and affecting
ones’ abilities even after passing current recovery measurement standards. However, the

potential factors leading to these discrepancies must be investigated further.
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Study L imitations
One major limitation of this study is the small sample size in both groups. As concussion

symptoms and recoveries are already extremely heterogeneous, a larger sample size is
recommended in order to potentially uncover performance improvement and decline trends. As
well, a larger control sample size is recommended in order to better represent the athletic
population, consisting of more individuals of both sexes from a wider variety of sports. Not only
would this assist in the comparison to concussed athletes, but it may also uncover interesting
trends between types of sport and cognitive-motor integration abilities.

Secondly, some studies have found a correlation between number of previous concussions
and performance on cognitive and motor tasks. ®>%72 The controls used in this study are deemed
controls based on a self-report of their concussion history. It is possible that these controls may
have experienced a concussion in the past without being diagnosed properly. This may effect the
trends of the data seen when comparing concussed athletes to controls. Similarly, Concussion
group athletes were asked about number of diagnosed concussions at baseline testing. Therefore,
it is also possible that performance on the BrDI™ task and variability within the Concussion
group could be affected due to previously undiagnosed concussions.

Additionally, theses data may reflect a sample bias. Specifically, those players with
greater motor skill ability are more likely to have an increased playing time, and in conjuction
may be more likely to obtain a concussion.”! This may affect the results of the kinematic variables
given that Concussion group athletes may be more skilled than Control group athletes.

Hence, for future research, it is recommended that a larger sample size be recruited for
both groups, and a detailed investigation into realistic concussion history of controls, and

concussion history of the concussion group be completed.
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Glossary of Terms
%DR — Percentage of Direction Reversals

%Err — Percentage of Error Trials

ADD — Attention Deficit Disorder

ADHD — Attention Deficit Hyperactivity Disorder

AE — Absolute Error

BrDI™ - Brain Dysfunction Indicator

CDC — Centers for Disease Control and Prevention

CISG — Concussion in Sport Group

CMI — Cognitive-motor integration

CST — Corticospinal tract

DTI — Diffusion tensor imaging

M1 — Primary motor cortex

MCI — Mild cognitive impairment

MOI — Mechanism of Injury

MTf — Full Movement Time

NPLf — Normalized Full Path Length

PCS — Post-concussion syndrome

PMC — premotor cortex
SMA - Supplementary motor area
CMA — cingulate motor area
PMd — lateral dorsal premotor area
PMv — lateral ventral premotor areas

PO — Parieto-occipital extrastriate cortex

PPC — Posterior parietal cortex



SPL — Superior parietal lobule
MDP — Median dorsal parietal area
IPS — Intraparietal sulcus
MIP — Medial intraparietal sulcus
LIP — Lateral intraparietal sulcus
VIP — Ventral intraparietal sulcus
PV — Peak Velocity
RT — Reaction time
RTP — Return to Play
RTS — Return to Sport
SCAT3 — Sport Concussion Assessment Tool
SLF — Superior longitudinal fasiculus
V1 — Primary Visual Cortex

VE — Variable Error
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Appendix A

I. Full list of concussion symptoms divided by categorical classification

Symptom Category

Symptoms

Physical Headache Sensitivity to light/noise
Nausea/Vomiting Visual Problems
Balance Problems Dizziness
Numbness/Tingling Dazed/Stunned
Emotional Irritable More emotional
Sadness Nervousness
Cognitive Feeling mentally foggy Feeling mentally slowed down

Difficulty Concentrating

Forgetful of recent information

Difficulty Remembering Confused about recent events

Repeat Questions

Sleep Disturbances

Drowsiness
Sleeping less than usual

Sleeping more than usual
Trouble falling asleep

I1. Graduated return to play protocol. Obtained from McCrory et al. (2017)?

Rehabilitation

Functional exercise at each stage of Objective of each

Stage rehabilitation stage

1) Symptom- Every day activities which do not cause Recovery
limited activity exacerbation of symptoms

2) Light Aerobic Walking, swimming or stationary cycling Increase HR
Exercise keeping intensity <70% maximum permitted

heart rate
No resistance training

3) Sport-specific
exercise

Skating drills in ice hockey, running drills in Add movement
soccer

No head impact activities

4) Non-contact
training drills

Exercise,
coordination, and
cognitive load

Progression to more complex training drills
E.g. Passing drills in football and ice hockey
May start progressive resistance training

5) Full-contact
practice

Restore confidence
and assess functional
skills by coaching
staff

Following medical clearance participate in
normal training activities

6) Return to sport

Normal game sport
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I11. Distribution of normally and non-normally distributed variables for both Concussion and

Control group

Concussion Group

Control Group

Normally Distributed

Reaction Time

Absolute Error

Absolute Error

Variable Error

Normalize full Path Length
Peak Velocity

Non-normally Distributed

% Direction Reversals
% Errors

Full Movement Time

Peak Velocity

Variable Error

Normalized full Path Length

% Direction Reversals
% Errors
Full Movement Time

Reaction Time

1V. Average percentage of deleted trials (for a variety of reasons) per condition at each time

point for both Concussion gr

oup and Control group

Concussion Group Control Group
Condition 1 Condition 8 Condition 1 Condition 8
Baseline 9.82 7.53 8.75 6.25
Return to Play
(Time 2) 4.17 9.04 12.5 7.8
3 mos post
(Time 3) 8.75 9.42 9.38 12.5
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Appendix B

Questionnaire

Name:

Dominant Hand:

Team/League:

What age did you start playing your sport?

Date:

Age:

Sex: Male or Female

Position:

1. Do you currently have a concussion? YES

If YES,
a) Approximate date of concussion:

or NO

b) Did you lose consciousness?

If so, for how long?

c) Please list any current signs and symptoms:

2. Have you previously had any concussions? YES or NO

IfYES,
a) How many?

b) Did you lose consciousness?

If so, for how long?

c) Dates(s) and time out before returning to play / regular activity:
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3. Do you currently have a non-head related injury? YES or NO

If YES,
a) Please describe the nature of the injury:

b) Has it kept you from play for longer than 48 hours? YES or NO
¢) Has it kept you from play for longer than 3 weeks? YES or NO
4. Have you been diagnosed with any neurological disorders? YES or NO

If so, please describe the disorder:

5. Do you play video games? YES or NO

If YES,

a) What kind of video games do you play most often? (i.e. Fast-paced action games, or
Puzzle/strategy games, or both?) Please list some example games.

b) How would you rate your skill at video games compared to your peers?

(low skill) 1 2 3 4 5 6 7 8 9 10 (high
skill)

7. To your knowledge, does anyone in your immediate or close family (parent, sibling, aunt,
uncle,
cousin, grandparent) have any form of dementia? YES or NO

If YES,
a) What is their relationship to you (e.g., Maternal aunt, father, paternal uncle, cousin on
mother's side, etc.)? Please list all if there is more than one relative.
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This page is for the researchers to complete only.

BrDI
File Name(s):

Hand used: Right or Left
Order of conditions and comments:

Direct:

Direct Rotated:

Plane Change:

Plane Change Rotated:

Tester:

Modified Tinetti

File Name(s):

Comments:
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Scare 1 pt. for sach correct reaponse. lote scow sguets sew emom ol 3 s Do ret sform
ve athlety thart delmynd ool wil be leied

Conceatration

Digits backward

Tnpiybwywomdmmﬂmlnmpwhudb
0 swwre e of b e Bwen &0 you for smarply ) sy 113 o0

Mgw

‘-‘l""‘”ﬂm"m e w2 Onw paist pouiibie for sech strisg

leagth. “xp k. The Sgita dhockd 2o e of the 1 of oow per ol

Menths in reverse order

“Now fell o the monti of Dhe pear In (e o Start with the leit month asd go
backwerd %0 youd say Dwosendey, Nownder . G0 abwed™

1 3t for antire sequence carmact

Delayed Recall

The delaped recall houdd be performed after compieton of the Balence and Coor-
Snaticn Examinaticn.

"0 o revwentowe Mot bt of e { e & Ny Deree st Nl e &3 many wordh B e
Il s pou can e n asy onoee ©

Score 136 for sach cormect reaperas

Balance Examination

Modified Balance Error Scoreg System (BESS) testing®

This belane testng 5 based on & modfed version of the Salence B Scorng
System (EESSS, A sicpwanch of watch with 2 secand hand & reguired for his lestng.
 an o, B Bl o Dslarncw. P Coke pour showa off ol gp your pant bgn dow

ankw 5 et rveniww dny ankie Speg §F appicudae) Th et wl corsast of Bhvwe
oty swred St vt Tt 3 lasc ~

(&) Double log stance:

“The frst stancw With your feet Dgwiher wilh your barch o pour e and nah

your wyws oo You ¥y 1 mandeln sy In thet poaiiicn K 20 sy | wel be
Hhe numder of S you movw cut of B podton. | wll TleT BTG whe rou av

et and! v e yoor wyws *

() Singhe log stance:
W o werw 1 kick @ ball wisch ot weukd jou s’ [T wel be 0w domend food Now
tend on your ron-domipeet Bol T deinen? g shoukd by At in gevonmaiy 10 de-
z—dmhduwdmmmpunnwm
20 o with your berch on your his and jour eyws cosed. | oAl be counting Ow
surw of Driws you move oo of ha zostion ¥ oo stemble cut of $h8 paition, Sown pour
wywi arxd el B S shar? boaiion and continue Delanang. (ndl sl Sming whee o av
et ! e clrimdd yous wyw ™

{4 Tandem stance:

“Nv sheee el with pour non-goominan! ol in hack. YO weght shout be
datdung acin Lo Sel Again, jou skt ¥y 8 menle sty B 20 scnch nith
Jour Rt o your P end pour ey clied |l be Suniing B sudw of o jou

mcww oot of T pesiton dm“mdhmwmqudmn
he atart pouion avd larcing. Jwel slart By o aw wt and Aaw i
o ™

SCATI PORT CONCLEDION ASSISMINT TOOL 3 1PAGE 3

Balance teating - types of srces

1. Hands ifed off Sac crest

2 Cpanitg wpes

3 Stip, stumbin, or fal

4 Moving 50 e > 30 degred abduction
S LfMing ferefont o hesd

S Ramaining out of s paution > 5 e

Each of the 20-second s b woted by counting the arory, o dewiation fram
The proper stance, accumulated by the athiste. The sasrmner will begin cuning
wirers oty after the ndvidual his asumed he roper 4laf1 positan. The modified
BESS s calcudated by adding one errer point for sach errer during the theee
. wd tasts. The maxinum total ber of werces for amy single con-
dition & 0. 1T & athivte conamits muliple srroes simullaneously, only ne eror is
reconded bt the antets should guickly seturn % the Tisting position, and couning
shoukd resume onte Wiject 5 set. SUects that afe unatie % Mantain the eing

dum for & min of five ds af The Qart e xsgowd the bighes!
poasitle scorm, 160, for that testing condition.

OFTION: For furthee asiasaewnt, Tha Sarrw 3 sTances can be parfonmed on 4 surface
of medium Seraity foam (0.9, apprcaimatedy S0cme40cmxBom)

Tandem Gax'”

FarTuents av Fobuciad 1 et with e et Eowdne b & sterting iow (T el &
Sual cone with Botaeas el Then ey walk 0 4 Srne dection o Guickly s &
accxeivly & pimadie alrg & Stewn wide (00D Mpw) 3 e Bne ot 0 atsenety Bt
Sewi-Br-ow Qalt stnurng Bl Dy arevarimily Bet S’ and v on eech 1p Onoe ey
mhmdhmh mmm”—mmhhmmmn
setvw gl A Wi of 4 DS drw donw and the et U 8 (wlinoed] Atk oukd coopiely
P Dol i 74 sty Attt el Y e & By 100 off T Sew, hiovw & s dBon Dntmes
Pt bt anct Bw WUMMU'MNQ-N-GC!M I Bt cawe, Ow Bve &
it arxt e Bl

Coordination Examination

Upper limb coordinaticn

Fnget-1o-nose FTN) sk

< o 8t cocednetion P 91 com e talty on the chaw wedh

o o s et o ) st s 90 gy e s
anet frgees srvrctec) pointig in Sonl of pou. When ! ghwr & str? ugnel (woulf S pou &
perform fvw secsie Sogw B o spetifons wing rour nder finger B Buch the o of
thw e drxd B avturn X w ter Ong poakon @ GuUckly o & scounsivly o zorslie ©

Scoring: § correct repetition: is < 4 secands « 1
Note for teaters: Addete fad Soe teat # thay do et toach ther nous, 50 not Sy wiend $we sbow
@ da vt peckem e epetsom. Pelbure thould e scored ax 0.
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ATHLETE INFORMATION

Ary athlete suspected of having a conoussion should be removed
from play, and then seek medical evaluation.

Signs to watch for

Frobie ooukd aite ol the Tl J4—88 howrd. Tha athiate hould el b 0 done
e sl o ne i hesgite @ once i they.

« Hawe 3 headache that gets worse

= fge wery drowsy or can't be awakened

= Can't recognize people or places

« Hawe repeated wormiting

« Behave unumaly or seem mnfused; ane very iritable
= Hawe sezures {amms and legs jerk uncontroliably)

= Hawe weal or numb anms or legs

« #re unsteady on their feet; have shamed speech
Remamber, B b batter o ba sale

Consult your doctor after a suspected conosssion.

Return to play

Artiutes dhoubd me b reiursed o play the saime day of injury.

Wil LT ATl % by, T shaisd Do madically chaared and this fellaw
i itapvetia sagervied program, = T Lage of progieiiin.

For axampla:
e EEEE e
L PR B Pyl ] imginlre o By

Ll el pardie Wik Vi rais Pl iale

Ve BN, B osOR s, wed
el bl

e L E S FIT Ly
For'aTa ol ok . Ly e i

Thiieise shzashd b it Bt 24 hesiars g benga) Tor ddech Aagi @il i1 S ool redur
thi arfibitie shezidd st bl thesy Teabva Shoe again e Than Neilise Tha phegaam
a th proviou aiympisnihs age. Asslance Taning thoukd onky be sdded in the
lanad itages.

H e anhleia b spmplomate Tor mone than 10 dins, then osraullaten by o medizal
EPRCIT v v i ST i Dl STl ol SOnouis o, & M ndid.

Medical cleararce should be ghven before return to play.

Scoring Summary:
Taul Dosmain Seow

e e L
Symmpiom Sevelity Scom of 132
Oriemanion of S
Iniiediats Msamany of 15
Cancairation of 5
Dvalaysrd Aecall af 5
sac Tual [
BESS fotal wreiid
Tafudinn i Seacisfnis)
Coardination of 1

Notes:

A e mm s mm e e et mm e e e e e rme e e m e

CONCUSSION INJURY ADVICE

T i giwah B2 Thi g the d artderd)

This. patian? Fu edeived o injury 10 T ead. A cerelul el saminaion h
i carvied ool s o dignal ey seiows complications has been found. Reooeeny
lime b vaniable soed ndividuah and the patiem wil seed monizeing for a further
it By @ reageiiible adull. Your MRating Divikcian will Brovide gualEncs i 19
this virrslrarme.

if nolice any chasss in bekaviear, P E— oy

wchon, duuble whilon or i dromaicas, pleass conact your doster o
b nearest hmiphal smergency departmest immedistely.

Other importa polats:

- [Foarin (pyiacal by vl I}, irecluninng wraining o playing ipars

il TG, kel and you e e cally Cead
- M ikl
- Wi BT OF Ff-asigtion diugh withein iedecel digsarviuion.
Spmcifcally:
o s beping Lablets
Do ool el sy, anrvi -] armsvanany s cation of sedating pain Kilers
- (D Al e il Sadicaily Ceared
- Do el e o play spart wmtl sedically deaned

inic phone number

SCKTY TFORT OH CLESIIA ASSTSMINT TOOL 3 | PAGE 4

Pl v s v

Dt/ tisva 4 insjary

Dt o vl s

Trwari e plvyriician

Eoetact detush or tanp

8 JOT) Concmuics i oot Greup
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SPORT CONCUSSION ASSESSMENT TOOL — STH EDITION

SCA I 59 DEVELOPED BY THE CONCUSSION IN SPORT GROUP

FOR USE BY MEDICAL PROFESSIONALS ONLY

supported by

B fra o0 0 FEI

Partient details

Mame:

DOE:

Address:

ID number:

Examiner:

Date of Injury:

Time:

WHAT IS THE SCAT5?

The SCATS is a standardized tool for evaluating concussions
designed for use by physicians and licensed healthcare
professionals’. The SCATS cannot be performed correctly
in less than 10 minutes.

If you are not a physician or licensed healthcare professional,
please use the Concussion Recognition Tool 5 (CRTS). The
SCATS is to be used for evaluating athletes aged 13 years
and clder. For children aged 12 years or younger, please
use the Child SCATS.

Preseason SCATS baseline testing can be useful for
interpreting post-injury test scores, but is not required for
that purpose.Detailed instructions for use of the SCATS are
provided on page 7. Please read through these instructions
carefully before testing the athlete. Brief verbal instructions
for each test are givenin italics. The enly equipment required
for the tester is @ watch or timer.

This tool may be freely copied in it current form for dis-
tribution to individuals, teams, groups and organizations.
It should not be altered in any way, re-branded or sold for
commercial gain. Any revision, translation or reproduction
in a digital form requires specific approval by the Concus-
gion in Sport Group.

Recognise and Remove

A head impact by either a direct blow or indirect transmission
of force can be associated with a serious and potentially fatal
brain injury. If there are significant concerns, including any
of the red Mlags listed in Box 1, then activation of emergency
procedures and urgent transport to the nearest hospital
should be arranged.

Key points

= Any athlete with suspected concussion should be REMOVED
FROM PLAY, medically assessed and monitored for
deterioration. No athlete diagnosed with concussion
should be returned to play on the day of injury.

= If an athlete is suspected of having a concussion and
medical personnel are not immediately available, the
athlete should be referred to a medical facility for urgent
assessment.

- Athletes with suspected concussion should not drink
alcohol, use recreational drugs and should not drive a motor
vehicle until cleared to do so by a medical professional.

- Concussion signs and symptoms evolve over time and it
is important to consider repeat evaluation in the assess-
ment of concussion.

- The diagnosis of a concussion is a clinical judgment,
made by a medical professional. The SCATS should NOT
be used by itself to make, or exclude, the diagnosis of
concussion. An athlete may have a concussion even if
their SCATS is "normal™

Remember:

» The basic principles of first aid (danger, response, airway,
breathing, circulation) should be followed.

- Do not attempt to move the athlete (other than that required
for airway management) unless trained to do so.

- Aszsessment for a spinal cord injury is a critical part of the
initial on-field assessment.

= Do not remove a helmet or any other equipment unless
trained to do so safely.

& Concussion in Sport Group 2017
Davks GA, et af, Br.f Sports Med 2017,0:1-8, dei:10,1136b]sports- 201 7-0975065CATS
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Mame:

IMMEDIATE OR ON-FIELD ASSESSMENT I

Address:
The following elements should be assessed for all athletes who

are suspected of having a concussion prior to proceeding to the ID number:
neuracognitive assessment and ideally should be done on-hield after

the firgt first aid / emergency care pricdities are completed, 2l
Drate-
If any of the "Red Flags™ or observable signs are noted after 2 direct
or indirect blow to the head, the athlete should be immediately and
=afely removed from participetion and evalusted by a physician or
licensed healthcars professional.
STEP 4: EXAMINATION

Considerstion of transportetion to a medical facility should be at
the discretion of the physician or licensed healthcare professional GLASGOW COMA SCALE (Gcs]a

The GCSis important 2= 2 standard measure for 2l patients and can
be done serially if necessary in the event of deterioration in conscious
state. The Maddocks questions and cervical spine exam are critical Date of assessment
steps of the immediate azsessment; however, these do not need to
be done serially.

e of assescment

East eys responss (E)
- Hiepe opaning 1 1 1
STEP 1: RED FLAGS
Eya apaning in réaponss to pain z 2 v
Eya opering to spaach 3 | 3
RED FLAGS: Eyes opsning spontanaausly 4 4 4
MNeck pain or Seizure or comvulsion Bt vasbal responss (V)
tenderness .
Loas of conaciousness Hiverbel resporae 1 1 1
ble vizion Deteriorating Incomprehansibla sounds 2 2 2
Weakness or tingling/ conscious state Inaporoprista wards = = .
buming in arma or legs _
< i Vomiting Confuzed 4 4 4
f:rer iz;mcremmg Increasingly restleas, Oriantad 5 5 5
egitated or combative Best motor response (M)
Mo maotor responee 1 1 1
. Extension e pain z 2 2
STEP 2: OBSERVABLE SIGNS
Abnormral fheion to pain 1 -] 3
Witnessed O Obzerved on Video O Flaxinn { Withdrawal ta pain n a a
Lyl mirt] ol s oin e pikaying Surfiaos L ] Leocsilzes fo paln 5 5 5
Balamce f gait deéficubies f motor incocedinstion: stumbling, show o d & B B
o - ¥ N beys commands
Glasgow Coma soore (E+V + W)
Disorentation or confusbon, oran insbil ity $o respond appeopriataly ¥ N
1oguegtiona
Blank it i v M
e CERVICAL SPINE ASSESSMENT
Faclal Injury after head fraoms W L4
Cvoes: the athiata raport that thalr reack | pain Fra at regt? r N
STEP 3: MEMORY ASSESSMENT I thara 13 M0 neclc paln at rest, doe 1ha athlats favs: & ful v "
ranga of ACTIVE paln frasmovamant?
MADDOCKS QUESTIONS?
Tam golog fo ask yoo o o guesfons, plesse Palen carefly and |12 th& limb strength and senaation normal? ¥ H
v yoor Best effort. Firs, ol md what happansd?
Whark ¥ flar correct answer N for Incomect
Whatvenue ara we at today? v M
Which haifTa It now? ¥ N In a patient who is not lucid or fully
o sconad st In s . v " conscious, a t:enrk_:al Spine injury s_hould
be assumed until proven otherwise.
Wit tesen did you play bl weak ) game? W L4
DMd your taam win thi kst game? v M
Motz Appropriahe sport-specific questions may be substHited

€ Concussion in Sport Group 2017
Davis G&, et al, BrJ Sports Med 20170018, doi: 10,11 36b]sparts-2017-097 5065CATS




OFFICE OR OFF-FIELD ASSESSMENT ~

Mama:
Please note that the newrocognitive assessment should be done ina
distraction-free environment with the athlete in a resting state. DOB:
Address:
STEP 1: ATHLETE BACKGROUND P
Sport/ team / school: Examiner:
Crate / tirme of injury: Detec
L
‘fears of education completed:
Age n
Gender: M/ F f Dther
STEP 2: SYMPTOM EVALUATION
Daminant hand: left £ neither / right
The athiete should be given the symptom farm and asked bo raad this Mestruction
; . QTap® QUt owd then tha SCak. For the
mewdngnoaﬂwn:usamha&ﬂte rmmmmmanMMmmwmahmum
athleta had in the FIBEt?: B post Infory asetamend the sthiefa shoaid rate thalr spmpfoms o Bio podet bs tme
When was the most recent concussion’™ Checlc O me O Injury
How long was the recovery (time to being cleared to play) Please hand the form to the athlete
from the most recent concussion?: (deys)
P mild modearats Sevarg
Hag the athlete ever been: Headeche [} 1 z 3 4 5 &
o o “Pressure In head” B 1 2 3 4 5 &
Hospitalized for a head injury? ez Mo reack Pain N . 2 5 . = .
Mauses or vomising B 1 2 3 4 5 &
Diagrased / ireated for headache disorder of migraines? ez No o =11 1=1:
Blurrad wiglon B 1 2 3 4 5 &
Diagrasad with a lgarning disability [ dyslexia? ez ez Ealance profiams 3 1 ® | 3 2 5 &
Sanalihvity o light B 1 2 3 4 5 &
Diagmosed with ADD / ADHD? ez Mo Sanatihity 1o nolae o 1 2 3 . 5 &
Faeling slowad down B 1 2 3 4 5 &
Diagnosed with depression, anxiety Vg Mo
ar other psychiatric disorder? Faaling e Tn @ fog” b1 * 3 4 5 8
“Don't faal right™ 1 2 2 4 5 8
Current medications? f yes, please st Difficully conceiating o 1 2 3 4 5 )
Difficulty rememier ing o 1 2 -1 '] 5 ]
Fatlgua or low energy o 1 2 3 4 5 -]
Caonfuzlon 1 2 2= 4 5 8
Drowsinesa I | 2 3 4 5 &
More amational 1 2 2= 4 5 8
Ireitakliity I | 2 3 4 5 &
Sadness 1 2 2 4 5 B
Hersous or Ansious 1] 1 2 3 4 5 L}
mmr:::]? aalen 2 1 2 3 |4 5 &
Total number of Sympsamss _
e sy Cam
Do your symgrtoma get worss: with physical activity? Y M
Do your symptoms get worss with mental activity? Y M
I 100% I= facding perfacty normal, what
parcant of normal do you feal?
If not 100%, why?
Please hand form back to examiner
p.
& Concussion in Sport Growp 2017

Daniis GA, ef &l Br S Sparts Med 20170018, doi:10.1136h]sparts- 201 7-0975065CATS



STEP 3: COGNITIVE SCREENING
Standardized Assessment of Concusgion (SAC)H

ORIENTATION

What mainth 13157 a 1
‘What Ia The day of the weak? a 1
S —
mlmlnnnummmhmmﬂ a 1
— B
IMMEDIATE MEMORY

The Immediate Memory compeonent can be completed using the
traditional S-word per trial list or optionally using 10-words per trial
to minimise any ceiling effect. All 3 trials must be administered ime-
spective of the number correct on the first trial. Administer at the rate
of one word per second.

Please ehooss EITHER the 5 or 10 wered Estgreegs and eirche the specilic word list ahosen
for this test.

1 am qoing fo fecd your mamary. | Wil read Fou & Wt of words and whes | am dane, repeat
bk f MEny WONTS 33 Jow Can remamiar, In any order. For Trisis 2 & 3: 1 am golog o repeat
the some Daf agaie. Repaat back &g many wordE a8 poe cen remamber o any arder, e I
¥ou Sedd the wond befarg,

Seasa (ot
List Alternade 5 word Bats
Trial1 Trial 2 Trial3

& Finger Panry Elankat Leman

Iraect
B Candk Fapar Sugar Sandwich  \Wagon

©  Baby  Monkay Perfume  Sunset Iron

o Elbore Annke Capst Saddie Bubibis:

E Aokt Arron Fappar ‘Cottom Miorda

F Dolkar Huonay Rllrror Saddie Apchor

Immadiats Memary Scors

e sttt wascomptssa [

Soona ol 10)
it Alternate 10 word sts
Trial1 TrialZ Trial3

Finger Panry Elankat Leman

Candke Papar Sugar

Baby  Maonkay
Elbow  Appk  Camet  Saddie  Bubbls

Doailkar Huonay Rllrror Saddie Apchor

Mame:

Address:
10 number:
Examiner

CONCENTRATION

DIGITS BACKWARDS

Plesse circle the Digit list chosen (A, B, C. D, E, F). Administer at the
rate of one digit per second reeding DOWHN the selected column.

am going toread @ string of numksrs amd when Tam done, you repesd tham heck fo me
I raverse arder of bow | resd thams fo yoo. Forexampls, FTsay 71-0, yor would say 0-7-7

! Murmiter Lists (irda ons)

List & ListE st
e B 1-4-2 ¥ N a
-2 &1-5 E5E ¥ ] 1
IE-4 1755 5-B-31 ¥ N a
3279 AGEE 431 ¥ ] 1
E-25T1 4-B-53T E1-EE ¥ N a
TETEE E-EE3 B2 ¥ N 1
TEAET BEEE4 ITEED ¥ N a
EIEl-d-E TIdE-EE RE-E1-4 ¥ N 1

ListD LisiE ListF
B2 B2 271 ¥ N a
w2 51-8 470 ¥ ] 1
4-1-B-3 TTEE 5B ¥ N a
[} TUED 924 ¥ N 1
1TR2E ATEET T4T-5-F ¥ N a
41TEL 4TS 5054 ¥ N 1
TEA-B1T ERTEED EeEeE-TdeD ¥ N a
41035 4TI IATETE ¥ N 1

MONTHS IN REVERSE ORDER

Mow el me the months afthe year in Start with & lest baciwand,
Eo ool say Decamber, Movember. Co abiad.
Dae - Mow - Jct - Sepd - Aug - Jul - Jum - Mgy - Apr - Mar-Fak- Jan a1

———

Comcentration Total Soors [Dighs + Months) -

& Concussion in Spart Growp 2017
Davis G4, eral 8rf Sports Med 20017:0:1-8, doi:10.1136b]sparts- 2017-0975065CATS
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Name:

STEP 4: NEUROLOGICAL SCREEN DOB:

See the instruction sheat {page 7) for details of Address:

test administration end scoring of the tests. 1D number-

iZan the patient read aloud jeg. symphem chack: -

Bt} aivd Blloww i iiruschicrss wihout diffbeulty? U " Examiner:

Doasthe patient kave & Tl range of paln- - N Date:

fraa FASSIVE carvioal spina movemant?

WHNGUT maving thalr R or neck, San the Datient ook ¥ "

slde-te-olde and up-and-down without double viakn?

Cain thie patien perform he fnger nose ¥ "

coordinaflon tagt nommal 7

Can the patlent perfoem tandem galt nonmally? i H

STEP 5: DELAYED RECALL:

BALAMCE EXAMINATION The delayed recall should be performed after 3 minutes have

i . _ elapzed since the end of the Immediate Recall section. Score 1
Meodified Balance Emor Scoring System (mBESS) testing® pt. for esch comect respanss.

Winich Toot was tasted QLen Dy remoaimiar Bt nof word's J resd @ faw imes aodler? Tel ma @ My weeds

(e which o tha ner-dominant feat) O Rught fram the Msf &5 POU CAN rememBbar kv sy onder

Testing surface (rard ficor, field, ete:) -

Footwaar (shods, barefoot, bracss, tapa, ate.}

canditien Srrers Flasse renord esch word comactty recalied Tofal soone aguals numiser of wonds recalled

Doubla keg stanca of i

Bingla kg stance men-duninant foot) of 90

Tandam sfancs (non-deminant foot 2l tha back] of i

Tetal EITors of 30 Total rurnbar of words recalled accurabaly: oS or of 10
L o

STEP 6: DECISION

Date and fims: of Injury:

Date & time of assesament:
ez aithbada |5 kreovwin 80 pou prior bo thalr Injury, are thay dfferant from their tsuel sdf7
Demain O'¥es CMo OUssure O Mot Applicabie
(M ifTarend, describs wity b th clinkeal notes section)

Symgidom
g
rrumes (T 2] Concussbon Disgnosed?
Symiplom savarity O ¥es OHo [OUssure 0 Mof Applicabls:
scars [of 122)
If ra-teating, has the athlete imgeovedT?
‘Drientation (of 5} Ofes COMo Cumsure O Mot Applicatie
of 15 of 15 of 15
Immediata mamaery e T a7 | am a physician or licensed healthcare professional and | have personally
administered or supervised the administration of this SCATS.
encantratian [of 5) Signature:
Meuro exam .Eu y u, ,E”m", “_u 'I_. Mamaz:
Tithe:
Bakarcs arrors [of 30
R=gistration number [if applicable):
of 5 af 5 a5
Dalayed Recall
¢ : of10 of 10 of 10 Date:

SCORING ON THE SCATS SHOULD NOT BE USED AS A STAND-ALONE
METHOD TO DIAGNOSE CONCUSSION, MEASURE RECOVERY OR

MAKE DECISIONS ABOUT AN ATHLETE'S READINESS TO RETURN TO
COMPETITION AFTER CONCUSSION.

& Concussion in Sport Group 2017
Davk G&, et &, BrJ Sparts Med 2017,0:1-8, doi:10,11360b]jsparts- 201 7-0975065CATS
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CLINICAL NOTES: d h

Name:
DOB:
Address:
I number:

Examiner

Date:

CONCUSSION INJURY ADVICE

(To be given to the peraon monitoring the concussed athlete) Clinic phone b

This patient has received an injury to the head. A careful medical
examination has been carried out and no sign of any serious
complications has been found. Recovery time iz variable across Date / time of injury:
individuals and the patient will need meonitoring for a further pe- jury
ricd by a responsible adult. Your treating physician will provide
guidance as to this timeframe.

Patient's name:

Drate / time of medical review:

Healthcare Provider:

If you notice any change in behaviour, vomiting, woraening head-
= 1 L k.

ache, double vision or & ive dr , B
your doctor or the nearest hoapital emergency department
immediately.

Other important peints:

Initial rest: Limit physical activity to routine daily activities (avoid
exercige, training, sports) and limit activities such as school,
work, and acreen time to a level that does not worsen symptoms.
1) Avoid alcohol
£ Concussion in Sport Group 2017

2) Avoid prescription or non-preacription druga

without medical supervisian. Specifically:

a) Avoid aleeping tableta

b) Do not use aspirin, anti-inflammatory medication
or atronger pain medications auch az narcotics

3} Do not drive until cleared by a healthcare professional.

4) Return to play/sport requires clearance
by a healthcare professional. Contact details or stamp

Davis G4, et 4l Br f Sports Med 2017,0,1-8, dol:10.1136Mjsparts- 200 7-0975065CATS



INSTRUCTIONS

Words in Italics throughout the SCATS are the instructions given to the athlete by the clinician

Symptom Scale

The time frame for sympioms should be based on the type of t2st being admin-
istered. At baseline it s advantageous to assess how an athlete “typically” fesls
whereas during the acute/post-acute stage it is best to ask how the athlete feels
at the time of testing.

The symptam scale should be completed by the athlete, nat by the examaner. In
situations where the sympiom =cabe is being completed after exercizs, it should
be done in a resting state, generally by approximating his/her resting heart rate

For total number of symptoms, maximam pessible is 22 except immediately post
njury, It sleep iem is ermitted, which then creates a maximum of 21,

For Symptam severity score, add all sceres in table, maximum possible is 22 2 6
= 132, except immediately past ingury if skeep item is amitted, which then creates
a maximum of 27x6=126

Immediate Memory

The Immedizte Memory component can ke completed using the traditional 5-word
per trial list or, optionally, using 10-words per trial. The literature suggests that
the Immediate Memory has a notable ceiling effect when a S-word Est is used. In
sattings where this ceilling ks prominandt, the seaminer may wish to make the task
muore difficult by incorparating two S=woard groups far a total of 10 words per trial
In this ¢asa, the maximurm soora per trial is 10 with a total trial maximuen of 30,

Choose ane of the ward lists (zither 5 or 101 Then perform 3 trials of immedizte
miemary using this list.

Complet= all 3 trials regardiess of score on previcus trials.

“1 am gaing to test yow mevmary. | will read you 2 fist of word's and when | am dane,
repeat back as many wonds 25 you can remembey, i any order” The words must be
read at a rate of one word per szcond.

Trials 2 & 3 MUST be completed regardless of score on trial 1 &2,
Trials 2 & 3:

“l am going to repeat the same list again. Repeat back 25 many wards a5 yow can
rememberin any order, =ven f pou said the word before.”

Ecore 1 pt. for each correct response. Total score equals sum across all 3 trials.

Do MOT inform the athl=te that delaye=d recall will be tested.

Concentration
Digits backward

Choose one column of digits from lists A, B, C, D, E or F and administer those digits
as follows:

Eay: I am going ta read 2 string of nombers and when | am dan=, your repext Hem
back to me in reverse onder of how | read them to you. For exampie, if [ say 7-1-8,
you would say 9-1-7.7

Begin with first 3 digat etring

If carrect, circle “¥~ far cerrect and go to next string length. I incarrect, carcke "W far
the firgt sring length and read trial 2 in the same string length. One paint possibbe
far each string length. Stop after incorrect on both trials (2 M's) in a string length.
The digits should be read at the rabe of one per second.

Months in reverse order

“Now t=ll me the manthis of the year in reverse order. Start with the fzst month and
g0 hackward. 5o you'll say December, November .. Go aheaot™

1 pt. for entire seguence conrect

Delayed Recall

The delayed recall should be performed after 5 minutes have elapsed since the end
of the Immediate Recall section.

“Dio you remember that [ist of words | read 2 fewr times sarfier? Tell me as many words
from tfee list as pou can remamber in any order”

Ecore 1 pt for =ach correct response

Modified Balance Error Scoring System (mBESS)* testing

This balance 1esting is based on a modified version of the Balance Error Sconing
Eyst=m (BEZE)S. A timing device is reguired for this testing.

Each of 20-secand trial/stance 1s scored by counting the number of emars. The
exarnines will begin counting emars only after e athbete has assurned the proper
start pasition. The modified BESS is calculated by adding one error point for each
error during the three 20-second tests, The maximum number of errors for any
single condition is 10. If the athlete commits multiple =rrors simultanecusly, only

oneerror is recorded but the athlete should quickdy return to the testing pasition, and
counting should resume ance the athlete is set. Athletes that are urable to maintain
the testing procedure for & minimum of five seconds at the start are assigned the
highest possible scare, t=n, for that testing condition.

ORTION: For further 2ss=ssment, the same 3 stances can be performed on a surface
of medium density feam (g, spproximataly 50cm x 40cm ¢ Gem).

Balance testing — types of errors

1. Hands lifted off
iliac crest

3. Step, stumble, or f2ll . Lifting farefoot or hes|

4. Moving hip into = 30
degrees abduction

. R=maining out of test
I, Opening ey=s position = 5 sec

T am now going to test your balance. Plzase fakes your shoes off (if applicablz), ol up
Jowr pant [egs above ankls (i applicabds), and remove any ankie taping (iF applicable).
This test will consist of thres twenty second tests with different stances.”

(@) Double l=g stance:

“Thee firsr stance (& atanding with your feel rogether with yeur hands an pour Wos
and with yowr eyes closed. ¥ou showld try to maintain stability in that position for 20
seconds. [ will be counting the numbar of times yow move aut of this position. § will
start timing wien you are set 2nd have closed yowr eyes.”

(b) Single l=g stance:

“if you were to kick a ball, which foot wowld you pse? [This will be the dominant
foot] Now stand an your non-dominant foot. The daminant feg showld be hefd in
agpraximately 30 degrees of Aip flexton and 45 degrees of knee fexion. Again, you
should fry to maintain stability for 20 s=conds with powr frnds an powr hips and your
eyes closed. | will be counting the number of times you maove cut of this position. if
you stumble owt of this posiiion, open your eyes and retum fo ie start position and
comtinue balancing. | wil! start timing when yow anes s=t and have closed pour epes.”

()} Tandem stances

“MWow stand feel-to-toe with youwr man-dominant foot in back. Your weipht shouid be
evenly distribuned across borh feel. Again, you showd Iry o maintaimn stabiiity for 20
seconds with your hands on your hips and your eyes ciosed. | will be cownting the
number of imes you maowve out of this position. [f pou stumble owt of this positian,
open your eyes and retwn to the start position and candinue balancing. | will start
timing when you ane set and have clased powr eyes.”

Tandem Gait

Participants are instructed to stand with their feet together behind 2 starting line
[the test is best done with footwear removed]. Then, they walkin 2 forsard direction
as quickly and as accurately as possible along 2 38mm wide (sports taps], 2 metre:
lime with an altermate faot heel-to-toe gait ensuring 1hat they approximate their heel
andtoe on each step. Once they cross the end of the 3m line, they turn 180 degrees
and retm to the starting point using the same gait. Athletes fail the test i they
step off the line, have a s=paration between their heel and toe, or if they touch or
grab the examiner ar an chject.

Finger to Nose

“| =m going to test your coordination now. Please sit comfartably on the chair with
your eyes spen and your arm (ither right or left) sutstretched (shoulder flexed to
%0 dagrees and elbow and fingers extendad], painting in front of you, When | give
a etart ssgnal, | would likee you to perforn five successive finger 10 nose repetitions
using your incex finger 1o tawsch thea tip of tha nese, and then return to tha starting
position, as guickly and a5 accurately as possible”
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CONCUSSION INFORMATION
Any athlete sugpected of having a concugsion should be removed from

play and seek medical evaluation.

Signs to watch for

Problems could arise over the first 24-48 hours. The athlete should not be

left alone and must go 1o a hospital at once if they experience:

» Worsening » Repeated vomiting - Weakness or
headache numbness in
= Unusual behaviour Brms or legs

Graduated Return to School Strategy

Concussion may effect the sbility to learn at school. The athlete may
need to miss a few days of school after 3 concussion. When going back
to school, some ethletes mey nead to go back gradually and may need to
hewve some changes made to their schedule so that concussion symptoms
da not get worse. If a particular activity makes symptoms worse, then the
athlete should stop that activity and rest until symptoms get better. To
make sure thet the athlete can get back to school without problems, itis
important that the healthcare provider, parents, caregivers and teachers
talk to each other so that everyone knows what the plan is for the athlete
1o go back to school.

Mote: If mental activity doee not cause any symptome, the athlete may
be able to skip gtep 2 and return to school part-time before doing school

activities at home first.

» Drowsiness or or confusion
inability to be or irritable » Unsteadiness
awakened on their feet.
= Seizures (arms
» Inebiity to and legs jerk « Slurred speech
recognize people uncontrollably)
of places

Conzult your physician or licensed healthcare professional after a sus-
pected concuegion. Remember, it iz better to be aafe.

Rest & Rehabilitation

After & concussion, the athlete should have physical rest and relative
cognitive rest for a few days to allow their symptoms to improve. Inmost
cases, after no more than a few days of rest, the athlete should graduslly
increasa their daily activity level 2= long &5 their symptoms do not worsen.
Oncea the athlete is able to complete their usual daily activities withouwt
concussion-related symptomas, the second step of the return to play/‘sport
progression can be started. The ethlete should not return to play/sport
until their concussion-related symptoms have resoheed and the athlete
has successfully returned to full school/learning activities

‘When returning 1o play/sport, the athlete should follow a stepwize,
medically managed exercize progreasion, with increazing amounts of
exercise. For example:

Graduated Return to Sport Strategy

Functional exercise

. - Gpal of
Mental Activity Activity at mach st=p [ —

1. Daily activities Typical activities that the athlete Gradual
that do doe=s during the day az long as return to
not give they do not increaze symptoms typical
the= athl=te (e, reading, texling, acreen activities,
SympiDms time). Start with 5-15 minutes at

a tirme and gradually build up.

2 School Homewark, reading or other Incraass

activities cognitive activities cutside of tolerance
the classroom. 1o cognitiee
work

3. Returnio Gradual introduction of schaal- Increase
schoal wark. May ne=d to start with academic
part-time a partial school day or with activities.

increased breaks during the day.

4. Return to Gradually progress school Return to full
schoal activities until a full day can be academic
full-tirme= tolerated. activities and

catchupon

miissed work.

Exarcisa stap Siero e Goal of =ach step
1. Symptom- Dailly activities that do Gradual reintroduc-
limited activity not prowoke symptoms. tion of work Sschaol
activities.
2. Light a=rchic ‘Walking or stationary Increase heart rate.
mamrcisn cycling &t slow to medium
pace Mo resistance
training.
3. Spart-specific Running or skating drills. Add mavernent.
egercige Mo head impact activitizs.
4. Mon-contact Harder training drills, e.g., Exarciss, coor-
training drills passing drills. May start dination, and
progressive resistance increased thinking.
training.
5. Full contact Fallowing medical clear- Restare canfi-
practice ance, participate in normal dence and assess
training activities. functional skills by
coaching staff.
. Retum to Mormal game play.
play/spar

If the athlete continues to heve symptoms with mental activity, some
other accomadations that can help with retum to school may include:

= Starting school later, only
going for half days, ar going
only to certain classes

» Taking lots of breaks during
class, homework, tests

» Mo more than one examyday
= Maore time to finish

assignments/lests « Shorter assignments

= Repetition/memaory cues

Cluket room to finish

ESBIQHIHEHTEHESIS
= Use of a student helpes/utor

Not going to noisy areas

like the cafeteria, assembly
hells, sporting events, music
cless, shop class, etc.

» Resssurance from teachers
that the child will be supported
while getting better

The athlete should not go back to sporte until they are back to schoolf
leaming, without symptoms getting significantly worse and ne longer
needing any changes to their echedule.

In this example, it would be typical to have 24 hours {or longer) for each
step of the progression. If any sympioms worsen while exercising, the
athlete should go back to the previous step. Resistance training should
be edded only in the later stages (Stage 3 or 4 at the earliest).

Written clearance should be provided by 8 healthcare professional before

return to play/eport ae directed by local laws and regulationa.

& Concussion in Spart Growp 2017
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