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ABSTRACT
Objectives To examine the utility of Sport Concussion
Assessment Tool (SCAT5) subcomponents in
differentiating physician diagnosed concussed players
from controls.
Methods We evaluated 1924 professional hockey
players at training camp using the National Hockey
League (NHL) Modified SCAT5 prior to the 2018–2019
season. Over the course of the season, 314 English-
speaking players received SCAT5 evaluations within
1 day of a suspected concussive event. Of these
players, 140 (45%) were subsequently diagnosed with
concussion by their team physicians.
Results Concussed players reported more symptoms
(Concussed M=8.52, SD=4.78; Control M=3.32,
SD=3.97), and recalled fewer words than Controls on
both the Immediate Memory (Concussed M=19.34,
SD=4.06; Control M=21.53, SD=2.94) and Delayed
Recall (Concussed z=−0.91; Control z=−0.09) tasks
during the acute evaluation. Concussed players also
made more errors than Controls on the mBESS and were
more likely to report double vision and exhibit clinician-
observed balance problems than controls. There were
no between-group differences on the Concentration
component of the SCAT5. Stepwise regression revealed
that symptom report and list learning tasks both
accounted for independent variance in identifying players
diagnosed with concussion.
Conclusions These findings provide support for use of
the SCAT5 to assist in identifying concussed professional
hockey players. When examining SCAT5 subtests, both
symptom report and the 10-item word list accounted
for independent variance in identifying concussion
status in this sample of professional hockey players.
The mBESS also differentiated Concussed players and
Controls. The Concentration component of the SCAT5
did not significantly differentiate Concussed players and
Controls.

INTRODUCTION

The process for diagnosing sports-related concussion (SRC) and subsequent management of the
injury has been described as one of the most challenging tasks in sports medicine.1 The diagnostic
challenge is related to the pathophysiology of
concussion,2 which is complicated by factors such
as non-
specific concussion symptoms, variable
timeframe for symptom onset, imprecise thresholds

for symptom detection and symptom duration,
dynamic and changing symptoms over time, lack of
definitive biomarkers and lack of clarity in the definition of concussion.3–6 The complexity and lack of
definitive diagnostic markers results in an imperfect
‘gold standard’ that is based on clinical diagnosis
made by a qualified healthcare professional.5 6
First published in 2004 by the Concussion In
Sport Group (CISG), the Sport Concussion Assessment Tool (SCAT)7 was designed as an educational
and clinical tool to help standardise the evaluation of SRC. Subsequent revisions were published
in 2008 (SCAT2),8 2012 (SCAT3)9 and 2017
(SCAT5).10 Note that there is no SCAT4. The most
recent iteration was named the SCAT5 to align all of
the SCAT tools (SCAT5, child SCAT5 and Concussion Recognition Tool5) with the fifth meeting of
the CISG. The SCAT tools were not intended to
‘diagnose’ concussion but rather to provide a framework for multidimensional assessment of SRC, the
results of which may be used as part of a diagnostic
formulation.
To improve the psychometric properties of the
SCAT5 clinicians have the option of choosing
between 5-word and 10-word lists in the Immediate Memory and Delayed Recall tasks. Previous
versions only employed a five-word list that exhibited substantial ceiling effects.11 Ceiling effects
reduce the sensitivity to subtle changes in test
performance.
The SCAT5 also included changes to the administration instructions for the symptom checklist.
Rather than asking athletes how they currently
feel at both baseline and acute injury evaluations as
done in the SCAT3, in the SCAT5 athletes are asked
to report their typical symptoms during the baseline
assessment and their current symptoms at the acute
postinjury assessment, thus differentiating trait
(long-term) and state (short-term) symptom expression,12 13 respectively. Additionally, to assess deficits
in rudimentary reading ability, athletes are asked to
read the instruction paragraph aloud before rating
their symptoms. This information is incorporated
into the Neurological screening to help identify
dyslexia and other receptive/expressive language
disturbances.
The clinical components of the SCAT5 examined
in this study were: symptom evaluation, Immediate Memory, Concentration (Digits Backward;
Months in Reverse), Neurological screen, balance
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Use of the Sport Concussion Assessment Tool 5
(SCAT5) in professional hockey, part 2: which
components differentiate concussed and non-
concussed players?
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METHODS
Study design

As part of the National Hockey League (NHL)/ National
Hockey League Players’ Association (NHLPA) concussion
evaluation and management programme, all players attending
preseason training camps prior to the 2018–2019 season (‘baseline testing’) completed the NHL Modified SCAT5 electronic
application (briefly, the App). Our study uses data collected from
that programme. Once the season got under way, players in an
NHL game or practice who were suspected of having a concussion and/or exhibited visible signs of possible concussion (eg,
slow to get up, clutching of head, balance problems, blank stare,
motionlessness)14 following a direct or indirect blow (indirect
transmission of forces from the torso) to the head underwent a
repeat evaluation for possible concussion. Evaluation included
the SCAT5 App and clinical examination administered by the
team physician and/or athletic trainer. As noted above, in the
absence of an objective biomarker or empirically validated tool
for diagnosis of SRC, the ‘gold standard’ is a clinical determination made by a clinician using established standards.1 The CISG
definition of SRC4 was used by NHL team physicians to arrive at
a concussion diagnosis.
Players who were evaluated and not diagnosed with concussioncomprised the Control group. Like players diagnosed with
a concussion, these Controls were typically evaluated during
or immediately after a game—thus accounting for the possible
influence of physical activity, secondary injury (eg, ankle sprain)
and test-taking motivation.

Inclusion criteria

Researchers extracted player baseline and initial prospective postinjury data from an NHL SCAT5 database. We only
extracted data for initial (first time) SCAT5 suspected injury
evaluations. Players who had multiple evaluations for suspected
concussion or multiple prospective diagnosed concussions were
not included, which increased the likelihood that all players in
the analyses had similar exposure to the SCAT5 at the acute evaluation and ensured that each case in the database was unique.
Note that even though only first time SCAT5 suspected injury
evaluations were included, many of these players had a prior
history of concussion. Data were extracted if the player was
English-speaking and had valid baseline and acute SCAT5 evaluations (within 1 day of injury). Lastly, mBESS analyses were
restricted to players tested without skates due to our work15
showing marked ceiling effects on mBESS with players wearing
skates. Figure 1 shows an inclusion flowchart for the study.

Measures

The NHL modified SCAT5 was adapted for use in the NHL and
was administered via a custom App, which reproduces all components of the original SCAT5 with modifications to enhance
the standardised administration of the instrument by audibly
presenting the Immediate Memory trials and Digits Backward
at the rate of one item per second. Players chose from eight
different languages (English, Swedish, French, Russian, Czech,
Finnish, Slovak or German) to endorse symptoms on the Post-
Concussion Symptom Scale (PCSS).15 The rest of the examination was administered in English. Lastly, countdown timers were
2

added to all subtests requiring a timed component (eg, Delayed
Recall, balance measures) and progression from one subtest to
the next was dependent on completion of prior subtests. No
significant performance differences were found between paper
administration and App administration as part of a large normative sample at baseline.15

Data analytical strategy

Between-group differences in age and time between baseline/
acute evaluations were examined with t-tests. Due to the presence of non-
normal distributions and/or outliers common in
parametric analyses were used for
clinical populations, non-
hypothesis testing. Between-group differences on the SCAT5 at
baseline were examined using Mann-Whitney U tests. Between-
group differences at the acute evaluation were examined using
Quade’s nonparametric Analysis of Covariance controlling for
baseline performance. Between group SCAT5 differences in
change from baseline to acute evaluation were examined with
Mann-Whitney U tests. Follow-up Wilcoxon tests were used to
examine within group changes from baseline to acute evaluation.
Non-parametric effect sizes were examined using the probability
of concordance (Area Under the Curve, AUC), bootstrapped
95% CIs (1000 samples) of median values, ORs and r values.
Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were calculated for a series of cut
points that were determined using receiver operating characteristic (ROC) curves to calculate Youden’s statistic and common
normative classification thresholds (15th and 5th percentile).
Forward stepwise regression examined which components of
the SCAT5 accounted for independent variance in concussion
diagnosis. Immediate Memory scores and Delayed Recall scores
were corrected for form differences as described previously.14
IBM SPSS V.22, Microsoft Excel and M
 edcalc.org were used for
analyses. Significance levels were set at p<0.05.

RESULTS

A total of 1924 players received baseline SCAT5 testing with 314
players meeting criteria to have their data extracted from the
NHL database. Of these, 140 players were diagnosed with concussion (Concussion group), and 174 were evaluated for possible
concussion but not diagnosed with concussion (Control group).
Mean time from suspected injury to SCAT5 administration (acute
SCAT5) was 0.12 (±0.32) days. Of the extracted data files, we
know that 167 Controls and 111 Concussed players were tested
the same day as the suspected injury and the remaining players were
tested the day following the suspected injury. X2 analyses revealed
Concussed players were significantly more likely to be tested on
the day following the event (χ2=21.29, df=1, p<0.001, OR
6.23, 95% CI 2.64 to 14.72). Mean time between baseline SCAT5
and acute SCAT5 was 95.23 (±53.51) days. An independent
samples t-test revealed no significant group differences between
Controls and Concussed players in time between baseline and
acute testing, t(312) =−0.44, p=0.662, mean difference=−2.66,
95% CI −14.63 to 9.307. Mean age at baseline evaluation was
25.49±4.04 years, with no significant between-group age differences, t(319)=.28, p=0.78, mean difference=0.13, 95% CI −0.77
to 1.04. No significant differences were found between Concussed
(69% one or more concussions) and Control (59% one or more
concussions) groups’ history of previous concussion, χ2=3.42,
p=0.065, OR 1.55, 95% CI 0.97 to 2.46).

Baseline results

Table 1 presents baseline descriptive, significance testing
and effect size statistics for Concussed and Control players.
Bruce JM, et al. Br J Sports Med 2020;0:1–9. doi:10.1136/bjsports-2020-102072
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examination (modified Balance Error Scoring System; mBESS)
and Delayed Recall. Our aim was to examine how the various
SCAT5 subcomponents fared in distinguishing physician diagnosed concussed and non-concussed professional hockey players.
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Mann-Whitney U tests revealed that Concussed players reported
more symptoms and performed more poorly on baseline SCAT5
Delayed Recall when compared with Controls. Significant
between group differences at baseline revealed AUC 95% CIs
between 0.53 and 0.67. A non-significant trend also suggested
Concussed players made more mBESS balance errors than
Controls at baseline, with AUC 95% Cis between 0.50 and
0.67. No significant differences were found between groups on
corrected Immediate Memory and Concentration (see table 1).

Baseline/suspected injury evaluations

Table 2 presents acute injury descriptive, significance testing
and effect size statistics. Non-parametric Quade’s Analysis of
Covariance Controlling for baseline performance revealed
that Concussed players endorsed more symptoms, made more
balance errors on the mBESS and performed worse on Immediate Memory and Delayed Recall when compared with
Controls. Probability of concordance 95% CIs were between
0.77 and 0.88 for symptom report measures and between 0.56
and 0.72 for statistically significant behavioural measures. No
significant difference was found between groups on the Concentration composite (Digit Span and Months in Reverse) although
Bruce JM, et al. Br J Sports Med 2020;0:1–9. doi:10.1136/bjsports-2020-102072

a significant difference emerged when Digit Span was assessed in
isolation (AUC 95% CI 0.50 to 0.63).
Table 3 shows difference scores for each of the SCAT5 indices
for Controls and Concussed players. Mann-
Whitney U tests
revealed increased symptoms and worse memory performance
from baseline to acute evaluation among Concussed players
when compared with Controls. Despite a larger change in
performance among Concussed players, follow-
up Wilcoxon-
signed rank tests revealed that both Controls and Concussed
players endorsed more total symptoms (Concussed r=0.84;
Controls r=0.60) and greater symptom severity (Concussed
r=0.86; Controls r=0.60) at the acute evaluation than the
baseline evaluation (all p <0.001). Similarly, both Concussed
players (p<0.001, r=0.42) and Controls’ (p=0.019, r=0.18)
exhibited a decline in Delayed Recall performance from baseline to acute evaluation. In contrast, Concussed players’ performance on Immediate Memory declined from baseline to acute
evaluation (p<0.001, r=0.45) while no significant change
was found among Controls (p=0.350, r=0.07), althoughConcussed players showed significantly greater decline on Immediate Memory from baseline to acute evaluation. No significant
between group change score differences were noted on the
3
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Figure 1 Participant inclusion flow chart. mBESS, modified Balance Error Scoring System.

mBESS baseline scores were calculated from a reduced sample of concussed (n=90) and Control (n=93) players who were tested barefoot (not wearing skates). Immediate memory was corrected for form differences by using raw scores. Delayed
recall scores were corrected for form differences using normative data. Median 95% CIs were created by bootstrapping 1000 samples. AUC and associated CI were calculated using the ROC function in SPSS.
AUC, area under the curve; mBESS, modified balance error scoring system; ROC, receiver operating characteristic curve; SCAT, Sport Concussion Assessment Tool.
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Baseline SCAT5 components for concussed and control players
Table 1

mBESS or Concentration composite. Exploratory follow-
up
analyses revealed that neither concussed players nor Controls
had significant declines from baseline to acute evaluations on
the mBESS (Concussed, p=0.105, r=0.17; Controls, p=0.760,
r=0.03) or Concentration composite (Concussed, p=0.138,
r=0.13; Controls, p=0.636, r=0.04).
X2 analyses examined the individual components of the
Neurologic screen. Concussed players were more likely to
report double vision (10/140) than Controls (3/174, χ2=5.74,
p=0.017, OR=4.39, 95% CI 1.18 to 16.25). Similarly,
Concussed players (17/140) were more likely to have clinician-
observed balance problems than Controls on the Neurologic
screen (8/174, χ2=6.03, p=0.014, OR=2.87, 95% CI 1.20
to 6.86). No significant group differences were observed for
other Neurologic screen components, including Finger to Nose
(Concussed=3/140, Control=0/174, χ2=3.77, p=0.052), or
Cervical examination (Concussed=20/140, Control=17/174,
χ2=1.52, p=0.217, OR 1.54, 95% CI 0.77 to 3.07). One
concussed player had difficulty reading the symptom instruction
paragraph (Concussed=1/140, Control=0/174).

Exploratory cut-point/follow-up analyses

Stepwise logistic regression was conducted with baseline symptoms and memory performance entered in the first block (due to
group baseline differences on these measures) and acute symptoms, significant neurological examination variables, and acute
memory performance entered stepwise in the second block.
Both acute symptom severity (OR 1.12; 95% CI 1.09 to 1.16,
p<0.001) and acute Immediate Memory (OR 0.87; 95% CI 0.80
to 0.95, p=0.002) predicted independent variance in concussion status after accounting for baseline symptoms and baseline
memory performance. Follow-up logistic regression with baseline behavioural measures entered in the first block and acute
behavioural measures entered stepwise in the second block in
the subset of patients with mBESS data revealed that both Immediate Memory (OR 0.87, 95% CI 0.79 to 0.95, p=0.002) and
mBESS (OR 1.14, 95% CI 1.02 to 1.27, p=0.013) accounted for
independent variance in concussion status.
Figure 2A shows ROC curves for acute symptom severity, total
symptoms, Delayed Recall and Immediate Memory. Figure 2B
shows a ROC curve for mBESS among the subset of patients
with formal balance testing. Online supplementary figures 1−18
compare frequency distributions between concussed players and
Controls for primary behavioural performance and self-report
measures. Of note, a handful of Controls showed very poor
Delayed Recall at the acute evaluation, as seen in online supplementary figure s14. Examination of the data showed that 81% of
players who recalled three or fewer words on the Delayed Recall
measure were diagnosed with concussion (25/31). Three players
who were not diagnosed with concussion recalled one or zero
words at the acute evaluation. Table 4 presents the sensitivity,
specificity, PPV and NPV for various cut-points for performance
on statistically significant behavioural and self-report portions
of the SCAT5.

DISCUSSION

This study examined the ability of SCAT5 subcomponents to
differentiate concussed from non-concussed athletes in a sample
of professional hockey players. Results suggest that symptoms
and 10-
word Immediate Memory and Delayed Recall tasks
differentiate concussed hockey players and Controls. Moreover, results show that Immediate Memory adds predictive value
above symptoms alone. Of note, at least three control players
Bruce JM, et al. Br J Sports Med 2020;0:1–9. doi:10.1136/bjsports-2020-102072
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Quade’s ANOVA with corresponding baseline score entered as covariate. Acute mBESS scores were calculated from a reduced sample of Concussed (n=90) and Control (n=93) players who were tested barefoot (not wearing skates). Immediate
Memory was corrected for list differences by using raw scores. Delayed Recall scores were corrected for list differences using normative data. Follow-up analysis of the digits component of the Concentration score was significantly different, with
Concussed players recalling fewer digits than Controls after controlling for baseline performance (F=4.46, p=0.047, AUC=0.565, 95% CI 0.501 to 0.629). Performance on Months in Reverse order was not significantly associated with concussion
diagnosis (X2=0.01, p=0.915, OR=0.96, 95% CI 0.47 to 1.98). Digit Span at the acute evaluation was significantly associated with Months in Reverse order performance, with a small effect (rs=0.16, p=0.003). Median 95% CI were created
by bootstrapping 1000 samples. AUC and associated CI were calculated using the ROC function in SPSS. Baseline corrected AUC was created with regression by entering baseline scores as the independent variable and acute scores as the
dependent variable. AUCs for the resulting unstandardised residuals were then obtained using the SPSS ROC command.
ANOVA, analysis of variance ; AUC, Area Under the Curve; mBESS, Modified Balance Error Scoring System; ROC, receiver operating characteristic curve; SCAT, Sport Concussion Assessment Tool.
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AUC, Area Under the Curve; mBESS, Modified Balance Error Scoring System; SCAT, Sport Concussion Assessment Tool.
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Figure 2

Receiver Operating Characteristic curves (acute evaluation).

had very low scores (<2) during the acute evaluation with
notable declines from baseline on Delayed Recall. This finding
raises the possibility that these players in the Control group may
have been suffering from cognitive deficits due to concussion but
were not diagnosed with a concussion (ie, false negatives). Additionally, it is well recognised that cognitive test scores, including
Immediate Memory and Delayed Recall, may be affected by
several factors unrelated to concussion (ie, motivation, examination error, distraction, etc), which may have led team physicians
to the clinical determination that these low scores were due to
factors unrelated to a concussion and hence did not warrant a
concussion diagnosis.
In addition to differences found between Concussed and
Control players at the acute evaluation, Concussed players
reported more symptoms and recalled fewer words than
Controls at baseline. This finding is both unexpected and
puzzling. A robust literature has documented significant individual variability in symptom endorsement with concussion
history moderating symptom reporting at baseline and acutely
postinjury.16–20 However, we found no significant difference
in self-
reported concussion history between the Concussed
and Control groups in this sample. It is possible that clinicians were more likely to diagnose concussion in players with
a history of baseline symptoms and Delayed Recall difficulties.
Clinicians had access to players’ baseline scores and these may
have factored in to subsequent diagnostic decisions. Alternately,
people with more baseline memory difficulties and symptoms may have an increased susceptibility to concussion. We
encourage others to explore the phenomenon in other hockey
and non-hockey data sets.
Bruce JM, et al. Br J Sports Med 2020;0:1–9. doi:10.1136/bjsports-2020-102072
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61.39% (58.65–64.06)

 16 (Low)

22.14% (15.57–29.92)

95.40% (91.14-97.99)

79.49% (64.79–89.08)

60.36% (58.09–62.59)

Delayed Recall

 

 

 

 

 32nd %ile (Youden)

55.71% (47.08–64.10)

71.84% (64.53-78.38)

61.42% (54.62–67.80)

66.84% (62.09–71.28)

 15th %ile (Borderline)

41.43% (41.43)

82.18% (75.68-87.56)

65.17% (56.25–73.13)

63.56% (59.88–67.08)

 5th %ile (Low)

27.86% (20.62–36.06)

91.95% (86.87-95.53)

73.58% (61.20–83.11)

61.30% (58.62–63.92)

mBESS

 

 

 

 

 5 (Youden)

40.00% (29.81–50.87)

86.02% (77.28-92.34)

73.47% (61.17–82.96)

59.70% (55.12–64.12)

 6 (Borderline)

34.44% (24.74–45.20)

91.40% (83.75-96.21)

79.49% (65.32–88.85)

59.03% (55.06–62.89)

 9 (Low)
Total symptoms

6.67% (2.49%–13.95%)
 

95.70% (89.35-98.82)

60.00% (30.45–83.71%)

51.45% (49.69–53.19)

 

 

 

 4 (Youden)

87.86% (81.27–92.76)

67.24% (59.73-74.15)

68.33% (63.36–72.92)

87.31% (81.33–91.58)

 3 (Borderline)

90.00% (83.79–94.42)

56.90% (49.19-64.37)

62.69% (58.40–66.78)

87.61% (80.89–92.20)

 6 (Low)

72.86% (64.70–80.02)

76.44% (69.42-82.53)

71.33% (65.14–76.81)

77.78% (72.49–82.29)

Symptom severity

 

 

 

 

 8 (Youden)

81.43% (73.98–87.50)

73.56% (66.36-79.95)

71.25% (65.64–76.27)

83.12% (77.48–87.57)

 4 (Borderline)

92.14% (86.38–96.01)

56.90%(49.19-64.37)

63.25% (59.02–67.26)

90.00% (83.42–94.15)

 7 (Low)

82.86 % (75.58–88.70)

69.54% (62.12-76.28)

68.64% (63.33–73.50)

83.45% (77.57–88.03)

Younden cutpoints derived using Youden’s Index. Borderline and low performance cut-points based on NHL normative data for the 15th and 5th percentile, respectively.
NPV, Negative Predictive Value; PPV, Positive Predictive Value.

The role of memory

Memory performance differentiated Concussed and Control
athletes postinjury even after controlling for group differences at
baseline. Taken together, these data point to the added value of
memory tasks when identifying physician diagnosed concussed
players and thereby underscores the role of these cognitive tasks
in making diagnostic decisions. The robust nature of these findings suggest that medical staffs should be keenly aware of the
significance of an unusually low score on memory measures
both at baseline and acute evaluation. Although low Immediate
Memory and Delayed Recall scores are not pathognomonic
for concussion, these results suggest that players with Delayed
Recall scores below the 16th percentile and Immediate Memory
scores below 18 at the acute evaluation should be very carefully
examined with clinicians encouraged to err on the side of player
safety in making (or excluding) a diagnosis of concussion.
These data also suggest that use of the 10-item word list is
preferred over the 5-item word list among players in this sample.
Our data reveal that professional hockey players with an English
language preference (n=1123) generated significant ceiling effects
on the five word lists with 72% of players achieving a perfect
score (see online supplementary tables S7-S10). In contrast, the
10-word list was largely normally distributed (S9) with only one
player (0.1%) achieving a perfect score. A similar pattern was
observed on Delayed Recall (online supplementary tables S8 and
S10). The increased challenge posed by the 10-word lists appear
better suited to capture more subtle learning and recall deficits.
Though some work shows the 5-item list has value in differentiating Concussed and Control athletes,21 other work indicates the
5-item list has limited discriminative ability22—especially when
given more than 2 days postinjury. The current study found that
the 10-item list adds independent value as part of the SCAT5
Bruce JM, et al. Br J Sports Med 2020;0:1–9. doi:10.1136/bjsports-2020-102072

when given within 1 day of injury. Additional work is needed
item word list can discriminate
to determine whether the 10-
concussed athletes from controls two or more days following
concussive events and across different language groups.
In isolation from baseline performance, Delayed Recall scores
differentiated Concussed players and Controls. Close inspection of individual level data revealed some players who showed
notable improvement at their acute evaluation, including one
player who recalled three words at baseline and nine at acute
evaluation. Since it is highly unlikely that concussion improves
memory performance, this level of performance raises the possibility of incomplete effort or performance invalidity23 24 at baseline thereby reducing the power of change score analyses. At
the group level, the present study found no significant benefit
of using change scores over acute scores—with effect sizes for
acute scores typically being somewhat larger. This finding has
implications for the value of baseline testing and the potential
need to develop embedded markers of performance validity24
when giving the SCAT5 as part of a baseline/postinjury protocol.
Additional research is needed to determine the value of baseline
SCAT5 testing across diverse populations. Although decline on
the SCAT5 does not appear to add unique predictive ability to
concussion diagnosis in logistic regression analyses, various cut
points for the acute evaluation were produced that showed very
good specificity and acceptable PPV (see table 4). Of note, the
obtained PPVs and other metrics would be improved if the three
players who had scores suggestive of severe memory impairment
at the acute evaluation had also been diagnosed with concussion.

The role of the mBESS

In addition to group memory differences at the acute evaluation, we also found significant between group difference on the
7
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Table 4 Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for various normative cut points of acute
Delayed Recall

Original research

The role of concentration

Beyond recognising the value of the symptom report, balance and
memory scales from the NHL modified SCAT5, it is also worth
mentioning that one subsection did not add independent value
in differentiating Concussed and Control groups . Specifically,
the Concentration composite of the SCAT5 did not significantly
differentiate Concussed athletes from Controls and had smaller
effects than those obtained by the other behavioural performance
measures. As noted in our prior work,15 this may be due in part to
ceiling effects (see online supplementary tables S11,S12), particularly with regard to Months in Reverse. As such, eliminating or
replacing Months in Reverse with another working memory task
and increasing the number of digit strings in the Digit Backward
subtest would make the tests more difficult, possibly increasing the
instrument’s sensitivity to concussion. Follow-up analyses revealed
mixed findings for Digit Backward used in isolation—with
Concussed players performing worse acutely (see table 2 note),
but no significant differences in decline from baseline. Months in
Reverse was not significantly associated with concussion diagnosis
and only minimally associated with Digit Backward performance
at the acute evaluation (rs=0.16, p<0.01). These findings bring
into question the use of Months in Reverse as part of the SCAT5
as well as the combined use of Digits Backwards and Months in
Reverse as a composite index.

Role of neurological examination

The Neurological screening component of the SCAT5 draws
from information gathered as part of other subcomponents
of the instrument. Concussed players were more likely than
Controls to have diplopia (double vision) diagnosed during
the Neurologic screen. Diplopia had low sensitivity but an
acceptable PPV of 77%. This result highlights the role of
oculomotor measures on the assessment of SRC and the potential of emerging products that allow for more sensitive and
objective measures of vision abnormalities following concussion.25 26 The present findings also support the value of clinician
reported/observed balance problems as part of the Neurological screen. Consistent with protocols in other professional
sports leagues,27 NHL team physicians are instructed to review
video of suspected concussive events as part of their evaluations. It is possible that clinician-rated balance problems are,
in part, based on observed motor incoordination that occurred
immediately following the injury as well as motor difficulties
observed on the formal balance measures.
8

Limitations and summary

This study has several limitations. As already noted, Controls
were defined as players suspected of concussion, but not diagnosed with a concussion. Although this approach has several
advantages, some players designated as Controls may have
been actually concussed yet not diagnosed as such (false negatives). However, as noted above, the lack of pathognomonic
biomarkers in the diagnosis of concussion makes this a limitation of the field rather than this study per se. Similarly, although
team physicians were instructed not to consider SCAT5
subcomponent performance when making the determination
of a concussion diagnosis, they were nonetheless aware of the
players’ results, which could have influenced their decision-
making, falsely increasing the metrics of the SCAT5 examined in this project. Additional studies with physicians blinded
to the SCAT5 data are needed, as are studies using controls
without suspected concussion. Further, this study only examined English-speaking players; evaluation of this instrument
among players with other primary languages is needed. Finally,
although this study used a robust sample of professional hockey
players, the results may not fully generalise to other populations, including females, collegiate and high school athletes,
and players from different ethnic backgrounds. More research
in these and other diverse populations is needed.
In summary, these results support the use of SCAT5 components in differentiating Concussed players and Controls in
professional ice hockey during the acute phase of the injury
(within 1 day of a suspected event). Results extend previous findings highlighting symptom report as an important component
of SCAT5 evaluation and concussion diagnosis. Both symptom
report and memory performance account for independent variance in concussion diagnosis. Future iterations of the SCAT
should consider increasing the difficulty of the Concentration
subtests to avoid ceiling effects and improve test sensitivity,
and to include embedded measures of performance validity. We
contend that studies that examine the utility of the SCAT5 at
different points post-injury are critically important.

What are the findings?
►► First study to examine whether components of the Sport

Concussion Assessment Tool 5 (SCAT5) could differentiate
Concussed professional hockey players from Controls.
►► List-learning/memory and symptom report show independent
contributions to the identification of players diagnosed with
concussion.
►► Concussed players were more likely to report double vision
and exhibit clinician-observed balance problems than ontrols
on the SCAT5 Neurological screen.

How might it impact on clinical practice in the future?
►► These data underscore the independent value of symptom

report and cognitive assessment measures in concussion
evaluation.
►► The results provide evidence for use of the 10-item word list
as part of SCAT5 administration.
►► The data raise questions about the need to assess the
validity/accuracy of player performance during baseline
testing.
Bruce JM, et al. Br J Sports Med 2020;0:1–9. doi:10.1136/bjsports-2020-102072
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mBESS at the acute evaluation. In contrast, change in mBESS
performance was not significantly different between groups.
This mixed finding suggests the possibility of additional testing
error being introduced on the mBESS when making use of both
baseline and acute results. Similar to our memory findings,
examination of supplemental tables shows several players who
demonstrated notable balance difficulties at the acute evaluation who were not diagnosed with concussion. Again, there are
many reasons a player could have balance problems independent
of concussion, foremost of which may be orthopaedic injury.
Nonetheless, our results suggest that caution is warranted when
players have more than six mBESS errors. It is also important to
reiterate that this analysis was conducted on a smaller sample
of players, as many players were assessed acutely while wearing
skates and could not be tested with the mBESS.15 Future research
should examine the independent value of the mBESS in sports
that are more amenable to acute balance assessment in bare feet
or conventional footwear.
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