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Objectives:  To examine  test–retest  reliability  of  the  SCAT3  for  two  consecutive  seasons  using  a  large
sample  of  professional  male  ice  hockey  players,  and  to  make  recommendations  for  interpreting  change
on the  test.
Design: A  cross-sectional  descriptive  study.
Methods:  Preseason  baseline  testing  was  administered  in  the  beginning  of  the  seasons  2013–2014  and
2014–2015  to 179  professional  male  hockey  players  in rink  side  settings.
Results:  The  test–retest  reliabilities  of  the SCAT3  components  were  uniformly  low.  However,  the majority
of athletes  remained  grossly  within  their  own  individual  performance  range  when  two  pre-season  SCAT3
baseline  scores  were  compared  to  published  normative  reference  values.  Being  tested  by  the  same  person
or a different  person  did  not  influence  the  results.  It was uncommon  for the  Symptom  score  to worsen  by
≥3 points,  the  Symptom  Severity  score  to worsen  by ≥5  points,  SAC  total  score  to  worsen  by  ≥3  points,
M-BESS  total  error  points  to increase  by ≥3, or the  time  to  complete  Tandem  Gait  to  increase  by ≥4  s;

each  occurred  in  less  than  10%  of  the  sample.
Conclusions:  The  SCAT3  has  low  test–retest  reliability.  Change  scores  should  be  interpreted  with  caution,
and  more  research  is  needed  to  determine  the  clinical  usefulness  of  the  SCAT3  for  diagnosing  concussion
and  monitoring  recovery.  Careful  examination  of the natural  distributions  of difference  scores  provides
clinicians  with  useful  information  on how  to  interpret  change  on the  test.

©  2016 Sports  Medicine  Australia.  Published  by  Elsevier  Ltd.  All  rights  reserved.
. Introduction

Head and brain injuries, especially concussions, are common
nd important health issues in collision sports. Ice hockey is a
port characterized by high velocity, rapid changes in direction,
nd injuries caused by collision with other players, boards, sticks, or
ucks. The systematic collection of injury reports from team med-

cal staff shows that the most commonly injured body region in

rofessional male ice hockey is a player’s head.1,2

The rink side or sideline recognition of sport-related concus-
ion relies on a clinician’s evaluation. Injury mechanics, visible

∗ Corresponding author.
E-mail address: timo.hanninen@fimnet.fi (T. Hänninen).
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440-2440/© 2016 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
signs, reported symptoms, changes in cognitive and physical per-
formance related to concussion, and exclusion of spinal injury are
the key points of assessment. International guidelines for sport-
related concussion recommend the use of the Sport Concussion
Assessment Tool – Third edition (SCAT3) as a supportive instru-
ment in concussion diagnostics.3–5 Post-injury SCAT3 scores are
best interpreted when compared with either an accurate and reli-
able individual baseline or to age- and sport-specific normative
data.6,7

Annual pre-season concussion baseline testing (e.g., computer-
based neuropsychological assessment) is common practice in many

professional contact sports. However, there are very few published
studies on how often baseline testing should be administered. For
example, the SCAT3 is a widely used concussion assessment instru-
ment that has no evidence-based guidelines regarding baseline

d.
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esting frequencies or intervals. For accurate comparisons between
ost-injury and baseline performance, it is essential to know how
onsistent the test–retest results are (i.e., the reliability and sta-
ility of the baseline SCAT3 assessment over time). One factor that
ould influence reliability is learning effect. It is not known if SCAT3
erformance is improved by learning when repeatedly done, and if
o how long this learning effect lasts.

The purpose of this study was to examine the long-term
est–retest reliability of SCAT3 assessments in a realistic clinical
etting to better understanding normal variation of the scores. We
lso aimed to describe if there is a significant difference between
ntra- and interrater reliability and whether the common practice
f administering SCAT3 baseline on an annual basis is an ideal time
rame or not. Suggestions for interpreting change on the SCAT3 are
ffered.

. Methods

This study is a part of a larger research project that strives
o translate international recommendations regarding diagnosis
nd management of concussions into practice in Finnish profes-
ional ice hockey. Ethics approval for the study was obtained from
he Ethical Committee of Pirkanmaa Hospital District, Tampere,
inland (code: R13070), and each participating subject signed writ-
en informed consent according to the Declaration of Helsinki. This
tudy was financially supported by the Finnish Ministry of Educa-
ion and Culture, the Finnish Hockey League, the Finnish Medical
oundation, and the Maire Taponen Foundation. There was no
nvolvement with any commercial sponsor for this study regard-
ng the study design; the collection, analysis, and interpretation of
ata; the writing of the report; or the decision to submit the paper
or publication.

SCAT3 baseline testing became mandatory for all players in the
ighest Finnish professional male ice hockey league before the
eason 2013–2014, but there was not a requirement to do this
nnually. The total number of athletes playing in the league in
wo consecutive seasons (2013–2014 and 2014–2015) was  309.
nly annually completed preseason SCAT3 baseline tests admin-

stered for seasons 2013–2014 and 2014–2015 were included in
his study. The number of players who completed both pre-season
CAT3 baseline tests was  179 (58%). Most of the players who  were
ot included in the study completed only one baseline. A small
umber of athletes were not included for various reasons (e.g.,
eing injured in the time of preseason baseline testing).

In an effort to replicate how the SCAT3 assessment is given clin-
cally, every player was tested individually, at least ten minutes
fter physical exertion, by the teams’ current medical staff, who
ere trained to administer SCAT3 in accordance with the SCAT3

nstructions in regional training sessions led by the authors before
he season 2013–2014. If a player had sustained a concussion prior
o testing, he had to have been asymptomatic and participated at
east one month in normal game play after the concussion and
efore the SCAT3 baseline was administered. Demographic vari-
bles and medical history were obtained at the time of testing using
he Background section of the SCAT3 form. Due to language diffi-
ulties with non-Finnish and non-English speakers, this subgroup
n = 8) was excluded from the statistical analysis of the symptom
valuation and the SAC components. The Finnish translation of the
CAT3 was accomplished by a professional translator and reviewed
y the authors to maintain the original denotation and connotation
f items instead of exact literal or syntactical equivalence.
Descriptive statistics [mean (M), median (Md), standard devi-
tion (SD), interquartile range (IQR)] for both seasons and the
ndividual differences between the test–retest results of the
CAT3 components were calculated. The relationships between
edicine in Sport 20 (2017) 424–431 425

five categorical background variables and test–retest differences
were examined. Categorical background variables included: (i)
examiner: same/different, (ii) age under 20-years: yes/no (iii) self-
reported history of concussions during seasons 2012–2013 and
2013–2014: yes/no, (iv) language of testing: native/non-native, (v)
history of headache or migraine: yes/no. The data related to learn-
ing or attention problems (n = 1) and psychiatric problems (n = 1)
could not be meaningfully analyzed due to small sample sizes.

The normality of the data was  assessed using the
Kolmogorov–Smirnov and Shapiro–Wilk tests. The distribu-
tion of the scores in every component of the baseline SCAT3 were
skewed so the correlations between two  continuous variables
were measured using the Spearman rho coefficient, Kendall’s
tau b, and Wilcoxon Signed-Rank test. Categorical variables in
relation to continuous variables (individual test–retest absolute
difference scores) were tested with the Mann–Whitney U test
(MWU). The level of statistical significance was set at 0.05. IBM
SPSS Statistics 21.0 (IBM Corp. Armonk, NY, USA) was used to
perform the analyses.

3. Results

The athletes were between the ages of 16 and 38 (M = 25.4,
SD = 5.1) years and 19 (10.6%) players were under 20 years before
the first SCAT3 baseline test. The Finnish version of SCAT3 was  used
with 164 (95.9%) Finnish players; the others were tested with the
English version. All athletes were Caucasian. The total number of
medical staff who served as examiners was 33. More than one-
third (35.8%, n = 64) were tested by the same person before both
seasons. The average time between athlete’s two baseline tests
was 367 days (SD = 24.2, IQR = 360–378). A minority (n = 25, 14%)
of the players reported history of headache or migraine. A history
of concussion was reported by 56.4% of the players, and 17.9% of
all athletes reported having been hospitalized or undergone neu-
roimaging following a head trauma before the first SCAT3 baseline
test. Eleven (6.6%) of them reported sustaining a concussion during
the season (2012–2013) preceding the first SCAT3 baseline test in
2013. The number of athletes reporting a concussion between the
two baselines was  31 (17.3%; i.e., during the 2013–2014 season or
prior to preseason testing in 2014).

The descriptive statistics and test–retest correlations for the
SCAT3 components in two  consecutive seasons are presented in
Table 1. In general, at the group level, most of the SCAT3 mean
baseline scores remained stable within the one-year interval. The
test–retest correlations, however, were uniformly low, with 8/11
scores having a Spearman coefficient of 0.3 or lower. We have
previously published normative reference values for the SCAT3
components.8 Those normative reference values were based on the
pre-season SCAT3 test results of season 2013–2014 (n = 304 ath-
letes), and they are reprinted in Table 2. The percentages of the
players who were categorized in the same normative classification
range in both preseason baseline tests are presented in Table 3. As
seen in column two, most of the players scored in the same nor-
mative classification range at both test and retest, and the large
majority scored either in the same classification or a higher classi-
fication.

The distributions of the individual test–retest absolute differ-
ence scores are presented in Figs. 1–6. The absolute difference
scores of the SCAT3 components: Symptom score and severity, SAC,
M-BESS, and Tandem gait had no statistically significant association
with examiner (same/different), age (under/over 20 years), history

of headache or migraine (yes/no), or self-reported history of con-
cussion between baselines (yes/no). Better scores on concentration,
a subcomponent of the SAC, were obtained by athletes that were
tested by the same person in both baselines (positive ranks 45.3%
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Table 1
Descriptive statistics, effect sizes, and stability coefficients for the SCAT3.

Baseline 2013–2014 (test) Baseline 2014–2015 (retest)

Test n M Md  SD IQR Skew Kurt. M Md SD IQR Skew Kurt. rs tau b sig-r

Symptom
Score 170 1.6 1 3.0 2 3.7 16.8 1.4 0 2.1 2 1.8 3.3 0.41

p < 0.05
0.36
p < 0.05

p = 0.59

Severity 170 2.3 1 4.5 3 3.6 15.0 2.0 0 3.5 3 3.2 15.0 0.38
p < 0.05

0.33
p < 0.05

p = 0.56

SAC
Total  score 169 27.0 27 1.7 2 −1.0 2.9 27.3 27 1.7 3 −0.4 −0.2 0.34

p < 0.05
0.27
p < 0.05

p = 0.02

Orientation 170 4.9 5 0.4 0 −3.1 9.7 4.9 5 0.3 0 −3.4 9.6 −0.03
p = 0.73

−0.03
p = 0.73

p = 0.08

Immediate memory 170 14.6 15 0.6 1 −1.4 1.6 14.7 15 0.7 0 −2.8 9.3 0.25
p < 0.05

0.23
p < 0.05

p = 0.06

Concentration 170 3.8 4 0.9 2 −0.1 −1.0 4.0 4 0.9 2 −0.4 −0.9 0.46
p < 0.05

0.40
p < 0.05

p = 0.02

Delayed recall 171 3.7 4 1.0 1 −0.7 0.6 3.7 4 1.2 2 −0.5 −0.7 0.33
p < 0.05

0.27
p < 0.05

p = 0.91

M-BESS
Total  176 2.1 1.5 2.7 3 3.0 13.3 1.8 1 2.7 2 3.4 15.5 0.25

p < 0.05
0.21
p < 0.05

p = 0.02

Single  leg stance 178 1.4 1 1.7 2 2.5 9.6 1.2 1 1.7 2 3.1 12.4 0.19
p < 0.05

0.16
p < 0.05

p = 0.01

Tandem stance 176 0.7 0 1.7 1 4.3 20.7 0.6 0 1.6 1 4.6 23.8 0.25
p < 0.05

0.24
p < 0.05

p = 0.17

Tandem Gait 44 10.8 11.2 1.7 2.5 −0.7 −0.4 10.8 11.0 1.5 2.7 −0.2 −1.1 0.04
p = 0.78

0.03
p = 0.81

p = 0.96

Note: n = sample size, M = mean, Md  = median, SD = standard deviation, IQR = interquartile range, skew = skewness, Kurt. = kurtosis, rs = Spearman’s r, tau-b = Kendall’s tau b,
and  sig-r = Wilcoxon signed-rank test. Athletes did not make any errors in double leg stance for the M-BESS (legs together) so those values are not included in the table.

Table  2
Cutoff scores and classification ranges for the SCAT3 components for healthy professional male ice hockey players (n = 304, from Hanninen et al.8).

Broadly
normal

Below average/above
average

Unusually
low/unusually high

Extremely
low/extremely high

Cutoff % in this
Range

Cutoff % at or
Below

Cutoff % at or
Below

Cutoff % at or
Below

Symptom Score (0–22p) 0–2 80.3% 3 19.7% 4–10 9.9% 11+ 1.9%
Symptom Severity (0–132p) 0–3 82.7% 4–5 17.3% 6–18 9.5% 19+ 1.8%
SAC  (0–30p) 26–30 83.5% 25 16.5% 24 8.6% 23- 1.8%

Orientation (0–5p) 5 92.2% N/A N/A 4 7.8% 3 1.4%
Immediate memory (0–15p) 14–15 93.7% N/A N/A 13 6.3% 12- 0.7%
Concentration (0–5p) 3–5 95.7% N/A N/A 2 4.3% 0-1 0%
Digits  backward (0–4p) 3–4 97.5% N/A N/A 1 2.5% 0 0%
Delayed recall (0–5p) 3–5 88.1% 2 11.9% 1 4.6% 0 0.4%

M-BESS (0–30 errors) 0–3 83.6% 4–5 16.6% 6–10 5.8% 11+ 2.0%
Single  leg stance (0–10 errors) 0–2 82.4% 3 17.6% 4+ 9.3% N/A N/A
Tandem stance (0–10 errors) 0–1 90.9% N/A N/A 2–4 9.1% 5+ 2.0%

Tandem gait (s) 12.1 76.6% 12.2–12.8 23.4% 12.9–13.9 9.6% 14.0+ 1.1%

Classification ranges are based on the natural distribution of scores because the distributions were not normal. The goal was to select a below/above average cutoff that
corresponded with the 25th and 75th percentile ranks, but this usually was  not possible given the score distributions. Unusually low/high scores correspond with approxi-
mately  the 10th and 90th percentile ranks, and extremely low/high scores correspond with approximately the 2nd and 98th percentile ranks. The classifications are worded
differently based on the direction of the scoring for the SCAT3 component. Symptom scores and number of errors on the M-BESS are referred to as high and performance
o were s
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n  cognitive testing and tandem gait are referred to as low. The months in reverse 

 = points, SAC = Standardized Assessment of Concussion, and M-BESS = Modified Ba
uominen M., Parkkari J., et al. Sport concussion assessment tool – 3rd edition – norma

s. 29.5%; MWU  = 2817.5, p = 0.01). All other subcomponents of SAC
nd M-BESS did not differ. Only three (1.7%) athletes failed the Coor-
ination test on the first baseline test, and only four (2.2%) players
ailed the Coordination test during the second baseline. None of
hese players made errors on this test during both seasons. Over
he two season baseline testing, none of the athletes made errors
n the double leg stance of the M-BESS.

Fig. 1 illustrates the distribution of test–retest difference scores

or all subcomponents of the SCAT3. By examining the values in the
rey shaded regions to the left of each figure, it is possible to identify
nusual worsening in performance (i.e., difference scores that are
ound in only 10% or 5% of uninjured athletes). Worsening means
tated correctly by 94.0% (n = 265; not included as a row in Table 2). Abbreviations:
Error Scoring System. Adapted and reproduced with permission from: Hanninen T.,
ference values for professional ice hockey players. J Sci Med  Sport 2016;19:636–641.

greater symptoms, greater error points on the M-BESS, greater time
on the Tandem Gait, or lower scores on the SAC. Most athletes
(75.6%) do not show test–retest changes of those magnitudes in
any subcomponent of the SCAT3. More refined analyses of changes
scores, for each SCAT3 component, are provided in Figs. 2–6. As
seen in Fig. 2, an increase (worsening) of two  or more symptoms
at retest occurred in 14.7% of players, and an increase of three or
more symptoms occurred in only 10%. As seen in Fig. 3, a total symp-

tom severity score that increases (worsens) by three or more points
occurred in 14.1% of athletes, and an increase by five or more points
occurred in only 8.8%. As seen in Fig. 4, worsening of two  or more
points on the SAC occurs in 15.5% of professional athletes, and wors-
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Table  3
The percentages of the players who were categorized in the same (same or better) normative classification range as the previous preseason baseline test.

Total Sample Concussion between baselines Baseline tests performed by

No Yes Different examiner Same examiner

Symptom Score 72.4 (87.1) 70.7 (86.4) 80.0 (90.0) 72.5 (87.2) 72.1 (86.9)
Symptom Severity 70.6 (85.9) 69.3 (85.0) 76.7 (90.0) 71.6 (86.2) 68.9 (85.2)
SAC  total score 76.8 (88.1) 76.8 (90.6) 76.7 (80.0) 72.0 (85.0) 85.2 (95.1)
SAC  orientation 82.9 (89.4) 82.1 (93.6) 86.7 (93.3) 78.9 (90.8) 90.1 (98.4)
SAC  immediate memory 89.4 (94.7) 90.7 (96.4) 83.3 (86.7) 88.0 (93.5) 91.9 (96.8)
SAC  concentration 92.3 (95.9) 92.1 (96.4) 93.3 (96.7) 91.6 (96.8) 93.5 (100)
SAC  delayed recall 74.2 (91.2) 75.9 (84.4) 66.7 (76.7) 75.2 (84.4) 72.6 (80.6)
M-BESS total errors 75.3 (90.8) 78.3 (93.7) 61.3 (77.4) 76.8 (99.0) 72.6 (91.9)
M-BESS single leg stance 77.4 (91.0) 79.4 (92.5) 67.7 (83.9) 77.4 (92.2) 77.4 (88.7)
M-BESS tandem stance 82.3 (92.6) 84.0 (95.1) 74.2 (80.6) 85.0 (92.0) 77.4 (93.5)
Tandem Gait 72.7 (88.1) 70.3 (81.0) 85.7 (100) 66.7 (83.3) 80.0 (85.0)

Note: Normative reference values from Hanninen and colleagues,8 presented in Table 2, were used. Percentages who were in the same and same or better (in parentheses)
classification range on retesting are presented for the total sample, for those who sustained a concussion between the two baselines, and for those tested by the same or a
different examiner.
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ig. 1. The distributions of individual test–retest absolute difference scores.
ote:  Athletes who  had the exact same score (test–retest difference score = 0), bett

ime  in Tandem Gait), and worse score during the second baseline. Worse 10% and 

ning of three or more points occurs in only 7.2%. As seen in Fig. 5, a
orsening on the M-BESS (i.e., an increase in raw scores) by two or
ore points occurred in 16.7% of players, and a worsening by three

r more points was uncommon, occurring in only 8.6% of players.
s seen in Fig. 6, performing the Tandem Gait test more slowly, by

hree or more seconds, occurred in 18.2% of the players. Perform-
ng four or more seconds slower was uncommon, occurring in only
.8% of players.

. Discussion

This large-scale study of the one-year test–retest reliability of

he SCAT3 revealed several important findings for researchers and
linicians. First, the test–retest reliabilities of each component were
niformly low and mostly considered weak according to conven-
ional standards for interpreting stability of human performance
re (fewer symptoms; more points on the SAC; fewer errors on the M-BESS; faster
gray. Midmost 90% in dotted line box.

tests (see Table 1). The symptom scores had the largest test–retest
correlations. These low correlations are related, in part, to the
skewed distributions of the test scores. The limited number of
options in the scoring of each SCAT3 component results in lim-
ited variability and ceiling effects (accumulation of the scores for a
large percentage of people, usually to minimum and/or maximum
score), which causes bias to reliability estimations and may  reduce
the magnitude of correlations. When tests, such as the SCAT3, are
used for clinical decision making, it is important for the test to have
adequate reliability and validity for the intended purpose and with
the specific clinical population with which it is being used.9 The
problems with reliability, illustrated in this study, are partially mit-

igated by having normative reference values (Table 2) and natural
distributions of change scores (the Figures) for the SCAT3 compo-
nents in professional hockey players. Second, the athletes’ level of
performance, as a group (as reflected by mean and median scores),
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Fig. 2. The distribution of individual test–retest absolute difference scores (Symptom Score).
Note:  Athletes who  had the exact same score (test–retest difference score = 0), better score, and worse score in the second baseline. A worse score indicates an increase in
number of symptoms reported.

Fig. 3. The distribution of individual test–retest absolute difference scores (Symptom Severity).
Note:  Athletes who  had the exact same score (test–retest difference score = 0), better score, and worse score in the second baseline. A worse score indicates an increase in
severity  of symptoms reported.
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Fig. 4. The distribution of individual test–retest absolute difference scores (SAC total).
Note:  Athletes who had the exact same score (test–retest difference score = 0), better score, and worse score in the second baseline.

F  total)
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ig. 5. The distribution of individual test–retest absolute difference errors (M-BESS
ote:  Athletes who  had exact as many errors (test–retest difference errors = 0), less e
emained stable from test to retest across the components of the
CAT3. Nearly equal number of athletes showed improvement and
eclines over the test–retest interval for the Symptom score, Symp-
.
(better performance), and more errors (worse performance) in the second baseline.
tom Severity score, and Tandem Gait; in contrast, performance on
the SAC and M-BESS was  more likely to improve on the second
baseline test. Third, there was no statistically significant difference
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elated to whether the SCAT3 was administered by the same or a
ifferent examiner. Fourth, there were no differences in test–retest
ifference scores in those who sustained a concussion between the
wo baseline assessments and those who did not. Finally, most play-
rs (i.e., 71–92%) obtained scores that were in the same normative
lassification range at both test and retest, based on the norms pub-
ished by Hanninen et al.8 Moreover, retest scores were in the same
r better normative classification range in 86–96% of athletes. This
eans that when an athlete is tested a second time, it is very likely

hat his score will be similar to or better than it was  previously.
The information presented in Figs. 1–6 is very useful for clini-

ians and researchers who want to better understand the natural
istribution of test–retest difference scores on the SCAT3. This

nformation can also be used to determine an unusual amount
f change (i.e., worsening or improving) in SCAT3 performance
n Finnish professional ice hockey players. Based on the current
esults, 10% or fewer of the athletes showed the following wors-
ning of SCAT3 retest scores: an increase of three or more points
n the Symptoms Score, an increase of five or more points on the
ymptom Severity score, a worsening of three or more points on the
AC, an increase of three or more error points on the M-BESS, or an
ncrease of four or more seconds on the Tandem Gait. Clinicians
hould note that professional hockey players perform perfectly or
early perfectly on the Coordination test and the double-leg stance
f the M-BESS, so errors on those tests should be considered abnor-
al. Clinicians can use the normative classification ranges in Table 2

n combination with these change scores. For example, as seen in
able 2, an increase of three symptoms or five points on symptom

everity will usually result in a worsening in the normative clas-
ification, too. For the SAC, a decline by three or more points will
lways result in a worsening in the normative classification range,
nless the person scores nearly perfectly at baseline (i.e., a score
dem Gait).
etter time, and worse time in the second baseline.

of 29 or 30). For the M-BESS, an increase of three error points on
retesting will often, but not always, result in a change in the norma-
tive classification range. The change scores presented in this paper
might prove to be particularly useful for identifying deficits in ath-
letes who  perform nearly perfectly on baseline SAC and M-BESS
testing, because those athletes could worsen in performance but
still have scores that are considered broadly normal.

It is important to note, however, that there are no validated rules
or guidelines for interpreting change in performance on the SCAT3
in professional or amateur athletes. This requires clinical judge-
ment. For example, an athlete who reports headache and dizziness
following a hard check into the boards, and who  scores two  points
lower on the SAC (base rate = 15.5% in uninjured athletes) and
obtains two more error points on the M-BESS (base rate = 16.6% in
uninjured athletes) compared to his baseline might, in fact, be expe-
riencing the acute effects of concussion even though his change
scores are not in the grey area of Figs. 4 and 5, respectively. The grey
areas in the figures demarcate change scores that are statistically
uncommon in uninjured athletes. The sensitivities of those change
scores to the acute effects of concussion, however, are unknown.

This study design was  implemented in practical everyday life of
professional ice hockey teams in order to maximize the generaliz-
ability and the applicability of the results. For this reason, we did
not use independent external examiners. Additionally, we explored
individual baseline performance changes and not only group level
statistics. The strength of our study was the large sample size and
the pragmatic study design.

There are several limitations to this study. The athletes’ medical

history was based on the SCAT3 form and therefore some relevant
disease/injury history (e.g., lower limb injuries, sleep history) was
not included. The information on previous concussions was solely
based on self-report and it is known that athletes may  underes-
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imate their past concussions.10 The possibility of selection bias
n player recruitment exists. Finally, we focused on a very narrow
emographic group of professional athletes; additional research
hould be conducted on other sports, levels, genders, and age
ohorts.

. Conclusions

The SCAT3 is designed to be used on the day-of-injury and
n the initial days following injury. It is not designed to mea-
ure post-acute or long-term effects of concussion. There are no
vidence-based guidelines regarding whether or not baseline pre-
eason testing is necessary, and how often to do baseline testing
e.g., yearly or less frequently). More research is needed to deter-

ine the optimal frequency of baseline testing with the SCAT3,
uch as studies comparing reliability over different time periods
nd studies comparing post-injury scores to baseline scores after
arying time intervals. It is reasonable to assume that the best way
o interpret SCAT3 scores is a combination of comparing an athlete’s
ost-injury scores to a reliable personal baseline and to quality nor-
ative data. However, the SCAT3 has low test–retest reliability,
aking test–retest comparisons challenging. Careful examination

f the natural distributions of difference scores provides clinicians
nd researchers with useful information on how to interpret change
n the test. It is important for clinicians and researchers to appreci-
te that symptom scores can increase as a result of multiple factors
eparate from concussion, and some variability in test–retest per-
ormance is common on the performance-based measures (i.e., SAC,

-BESS, and Tandem Gait) in uninjured athletes.

ractical implications

It is important to appreciate that SCAT3 symptom reporting can
be affected by several factors separate from concussion, and some
variability in the balance and cognition measures is common.
Despite low test–retest reliability of the SCAT3, most players have
scores that fall within a similar normative classification range
across a one-year test–retest interval.
Careful examination of the natural distributions of difference
scores provides clinicians and researchers with useful informa-
tion on what should be considered unusual or rare changes in
performance in uninjured athletes.
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