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ABSTRACT
Examine effects of high-intensity exercise and physical impacts during rugby match on self-report 
symptoms in The Sport Concussion Assessment Tool (SCAT3), and its ability to differentiate head- 
injured players from controls.
Methods: Symptoms were assessed immediately following completion of a rugby match (median 
60 minutes). Players removed from the match for assessment due to a head hit were classified as head 
injured. Controls completed match without head hit.
Results: 209 players (67 female; 33 ± 13 years) participated with 80 experiencing a head injury. Symptom 
severity was significantly greater in head injured (26.2 ± 17.6) compared with controls (8.9 ± 11.5, 
P < 0.001). 21% of control players reporting >16 symptom severity, misclassifying them as suspected 
concussion. There were no significant sex differences. Factor analysis produced four symptom clusters of 
which Headache was most discriminatory between the head injured (median = 1.7) and controls 
(median = 0.0).
Conclusion: These findings demonstrate that exercise and contact during a game affect symptom 
assessment, increasing the likelihood of misclassifying players with suspected concussion. Factor char-
acterization of symptoms associated with head injury using an exercised comparison group provides 
more useful discrimination. These results highlight the necessity for objective measures to diagnose 
concussions outside of symptom self-report.
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Introduction

Sports-related concussions have become a major health con-
cern. According to the Center for Disease Control and 
Prevention, it is estimated that there are 1.6–3.8 million con-
cussions occurring annually. While head injury commonly 
occurs in contact and collision sports, it has been challenging 
to establish a clear understanding of the mechanisms under-
lying such an injury. A head injury can occur when there are 
intracranial or extracranial injuries that may injure the scalp, 
skull, brain, and underlying tissue and vessels which may 
result in concussion, skull fracture, or intracranial hematoma 
(1). Currently, a head injury has a broad definition and may 
vary according to methodological differences among studies 
(1, 2). In sports, the vast majority of head injuries do not 
involve skull fractures or hematomas but do increase the 
likelihood of a concussion and are defined as injuries that 
may be caused either by a direct blow to the head, face, neck, 
or elsewhere on the body with an impulsive force transmitted 
to the head (2–4), which may have various clinical signs such 
as psychological stress, cognitive impairment, somatic symp-
toms, and neurological deficiencies (5). However, the changes 

that occur over seconds, minutes, and hours to days post- 
concussion are complex and may involve uncharacterized 
irreversible neurological pathology. Today, concussions are 
clinically diagnosed with the aid of self-reported symptoms, 
as well as examining postural control, ocular/vestibular con-
trol, and neurocognition (6). Although the symptoms of 
concussions are typically reported to resolve within two 
weeks, there is increasing evidence of neurological abnorm-
alities beyond this time frame (7–9). Early identification of 
concussion symptoms will enhance appropriate diagnosis 
and management of recovery (10). Thus, there is a need for 
practical sideline assessments and guidelines to determine 
recovery and safe return to play for players immediately 
after a head injury.

The Sport Concussion Assessment Tool (SCAT) was cre-
ated in 2005 to form a standard evaluation that could be used 
by clinicians to assess concussions. Since its formation, the 
SCAT has had several revisions and is now the most com-
monly used evaluation by medical professionals and research-
ers for sideline assessment (4, 11–13). The tool has been shown 
to be effective in differentiating players with and without 
a concussion (13).
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Although there is currently no gold standard to identify 
a concussion, the SCAT provides relevant information that 
may be able to assist in distinguishing players with and without 
a concussion (14). A SCAT study using Classification and 
Regression Tree (CART) analysis demonstrated that symptom 
severity is the most discriminating measure correctly detecting 
non-concussed from concussed players (13). When a player is 
injured, the procedure is to have a healthcare provider examine 
the player using standard guidelines (4). If there is no health-
care provider available, the players should not be allowed to 
continue to play until they obtain proper medical care (4,15). It 
is important to acknowledge that it is uncommon to have team 
healthcare providers present in recreational sports (16). 
Although the SCAT is widely used as a swift sideline assess-
ment, it should not be used as a definitive diagnosis (3,4).

One possible limitation to interpretating SCAT data is the 
lack of comparable control groups to the concussed group in 
many studies. Typically, post-injury SCAT scores are com-
pared to either baseline measures for that player or a control 
group of similar uninjured players. However, these players are 
normally rested (i.e baseline) and have not recently played the 
associated sport (14, 17–23). Thus, they may not experience 
numerous symptoms that are associated with the effect of 
intense exercise and injury to other areas of the body besides 
the head. Headaches, fatigue, and balance problems are symp-
toms that have been reported to increase following exercise 
(24,25). In healthy adults, symptom severity and total number 
of symptoms within the Sport Concussion Assessment Tool 3 
(SCAT3, Version3) have been shown to significantly increase 
following intense aerobic exercise (26). Additionally, brain 
blood flow has been shown to increase during exercise influen-
cing the pre-frontal cortex and improving cognitive perfor-
mance post exercise (27). Consequently, SCAT components 
are subject to change with intensity of exercise, complicating 
the interpretation of the results (26,28).

Understanding the prevalence of “normal” symptoms post- 
game in males and females is critical when using the SCAT to 
differentiate the symptomatic outcomes of a concussion (14). 
Studies have identified females have up to twice the risk for 
sport-related concussion than men in comparable sports (29). 
Previous studies analyzing symptom inventory have shown 
that women tend to endorse more symptoms following 
a head injury (22, 30–34) and throughout recovery than men 
(35, 36), while others report no sex difference post-concussion 
(23, 33) or at baseline (21, 33, 37). The lack of consensus in 
previous data indicates the importance of taking sex differ-
ences into account when characterizing symptoms following 
a concussion. Additionally, factor analytics have been used to 
cluster similar individual symptoms into factor solutions to 
better evaluate, manage, and treat sports-related concussions 
(38, 39). Current characterized factors in research are limited 
by data including only baseline factor characterization or con-
cussion factor characterization (21, 40). No studies have char-
acterized all symptom factors that may be present immediately 
following a match while considering exercise symptoms; and 
then run analysis to determine which factors are most related 
to players who have experienced a head injury compared with 
non-rested controls.

The present study involves an analysis of SCAT data 
from a larger study examining physiological data immedi-
ately post injury. The larger study was able to recruit rugby 
players on the field immediately after a head injury had 
occurred. Controls for the study were players who also just 
played a rugby match but did not experience a head injury. 
This gave us a unique opportunity to examine the effects of 
high intensity exercise and contact on symptoms without 
a head injury.

Given this opportunity, our specific objectives were to 1) 
determine whether the symptom scores could identify players 
with and without a head injury following a match while taking 
the exercise component into account 2) evaluate the SCAT3 
component scores in both male and female players. We 
hypothesized the following: 1) Players with a head injury 
would report more symptoms, but the control players who 
just played a match would also report symptoms overlapping 
with symptoms reported by players with a head injury 2) 
Factor analysis would determine which symptom clusters 
were more sensitive to players with head injury when com-
pared to exercised controls. 3) There would be significant 
differences between men and women in the SCAT3 subcom-
ponent scores, specifically the symptom severity and total 
number of symptoms.

Methods

Subjects

This study is part of a larger research project that utilizes 
noninvasive physiological measures to obtain immediate 
data after a head injury to investigate if physiological mar-
kers can be used to understand concussion severity and 
recovery between women and men. Participants for this 
study were recruited at a number of recreational rugby 
tournaments including the annual CANAM recreational 
rugby tournament in Lake Placid/Saranac Lake, NY, and 
the Four Leafs Rugby Tournament, Randall’s Island, NY 
between August 2013 and August 2019. The study had 
a total of 209 participants (142 men, 67 women). Of the 
209, 80 (52 men and 28 women) experienced an injury to 
the head, and 129 were players who played a match and did 
not experience an injury to the head (90 men and 39 
women). Participants between the ages of 18 and 66 years 
(33 years ± 13 years) who just played a rugby match were 
eligible to participate in the study. Players that experienced 
a head injury during the match were removed from the 
game and sent for assessment by the medical team which 
consisted of athletic trainers. If no further medical treatment 
was required, players were offered the opportunity to parti-
cipate in this study. Control players were recruited after they 
had just finished a rugby match without an injury that 
required medical assessment. Players were assessed within 
a median of 60 minutes (IQR, 90; 68.8% of the participants 
were under 90 minutes, 82.6% were under 120 minutes) 
from time of head injury and time coming off pitch for 
controls. Informed written consent was obtained by 
a qualified staff member.
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Outcome measures

This study used SCAT3 (version 3) which was developed 
following the 4th International Conference on Concussion 
in Sport in 2012 (41). Version 3 evaluates clinical domains, 
including attention and memory function, to assess for 
a concussion (30, 41). The most recent version, SCAT5 is 
used by healthcare professionals in the acute evaluation of 
suspected concussion, which includes the same subtests as 
the SCAT3, with an additional focus on cognitive assessment 
(12). The main outcome measures were the SCAT3 
Symptom Evaluation, Standardized Assessment of 
Concussion (SAC), and the Balance Error Scoring System 
(BESS). The SCAT3 Symptom Evaluation assess how the 
player feels at the moment of the evaluation (42). During 
the symptom evaluation all participants were asked to score 
themselves on the following symptoms, “based on how they 
feel right now.” The total number of symptoms is based on 
the severity of 22 common post-concussive symptoms, each 
scaled 0–6 (0 no symptoms, 1 and 2 mild symptoms, 3 and 
4 moderate symptoms, 5 and 6 severe symptoms), with 
a maximum score of 132. The SAC is a cognitive assessment 
that evaluates orientation (5 questions), immediate memory 
(free recall of a list of 5 words in 3 trials), concentration 
(digits-backward task and recall of months in a year), and 
delayed recall (recall a 5-word list given during the initial 
memory test when they finish the balance and coordination 
test) (42). The score range is 0–30, with higher scores 
representing better performance (42). During the SAC eva-
luation, the alternate word list and alternate number list 
were used to promote random administration (43). The 
BESS assesses stability during different stance conditions by 
counting stability errors while participants perform three 
positions for 20 seconds each; the maximum number of 
errors per trial is 10 (42). The Glasgow Coma Scale and 
Maddocks questions were not collected in players, as they 
are not typically used as a sideline assessment (14). Due to 
time constraints, background questions only included age, 
sex, and additional health questions.

Data collection and protocol

All procedures were approved by the Rutgers University 
Institutional Review Board. Data collection was performed 
in tents set up alongside the athletic field. Information 
regarding demographics, previous head injuries, and 
mechanism of injury were recorded. When the informed 
consent and screening process were complete, the SCAT3 
was administered by a trained study member. A clinical 
neuropsychologist trained personnel on how to administer 
the SCAT3. Trained personnel tested participants on the 
sideline one-on-one at rest. In this study, we use the term 
“head injury” (1) to define a direct hit/blow to the head 
during a rugby match, that resulted in sending the rugby 
player with a possible concussion to the medical tent for 
evaluation. Players were classified as controls if they recently 
played a rugby match without experiencing a direct hit/blow 
to the head. Time of injury was self-reported by the player 
as well as time since they last played a match.

Statistical Analysis

Summary statistics including mean and standard deviation 
were used for continuous variables. Frequency and percentage 
were used for categorical variables. The covariates of interest 
included the total number of symptoms (out of 22 symptoms), 
symptom severity (0–6 ratings), SAC score (orientation, 
immediate memory, concentration, delayed recall, and balance 
error score (leg stances). Analysis compared the listed covari-
ates in players with and without a head injury. As the measures 
were positively skewed, it was determined by our statistician 
that a Mann-Whitney U-test (non-parametric test) was 
employed to evaluate the difference in median symptom scores 
between players with a head injury and control players, sepa-
rated by sex, median and interquartile range are reported. 
Covariate analysis was performed assess the effect of previous 
concussion history and age on total symptom severity. The 
effect size for non-parametric tests was calculated using 
r = Z√N (44,45) in which 0.1 (small effect), 0.3 (moderate 
effect) and 0.5 and above (large effect) (45). An exploratory 
factor analysis (EFA) using principal component analysis was 
used to reduce the number of items by grouping symptoms 
into components to determine if certain symptoms are more 
prevalent in players with an acute head injury (46, 47). The 
analysis was performed with a varimax rotation with Kaiser 
normalization. A Kaiser–Meyer–Olkin (KMO) above 0.850, 
factors with eigenvalues greater than 1.0, and items were 
retained for further analysis if loading was above 0.4 as per 
previous research (46). A Mann-Whitney U-test, using 
a Bonferroni correction (adjusted to 0.0125) was performed 
on the mean symptom cluster scores to observe if there were 
any differences among players with a head injury and control 
players immediately following a match. Logistic regression was 
used to identify factor solutions associated with a head injury. 
Statistical significance for testing was determined at α = 0.05. 
All statistical analyses were conducted using IBM SPSS 
Version 26.

Results

Demographics characteristics of players

A summary of the participant demographics is reported in 
Table 1. Both the head injury group and control group had 
a similar distribution of players with females representing 35% 
of the head injury group and 30% of controls (P = 0.40). The 
players with a head injury and control players were also similar in 
age, 32.9 ± 13 years, and level of education, 17 ± 5 years. The 
median time to evaluation was 60 minutes after injury for players 
who experienced a head injury and 72 minutes after active 

Table 1. Distribution of age and sex among players who just play a match.

Demographics

Head Injury Control Total (N)

Men 52 90 142
Women 28 39 67
Total 80 129 209
Age Mean (S.D.) 31.2(13.1) 33.9(12.9) 32.9(13)
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participation in match for control players without an injury to the 
head.

SCAT3 performance among players with and without 
a head injury

Summary statistics of SCAT3 symptom performance among 
players with a head injury and control players are shown in 
Table 2. The symptoms for players with a head injury were 
elevated, ranging from 1.92 ± 1.71 for feeling slowed down in 
men and 2.43 ± 1.35 for headache in women. The reported 
symptoms for the controls were significantly lower, with 
means ranging from 0.17 ± 0.63 for Nausea/ Vomiting in 
men and 0.03 ± 0.16 for sensitivity to light in women to 
1.00 ± 1.37 for fatigue in men and 1.18 ± 1.54 for fatigue in 
women. The symptoms endorsed by players with a head injury 
were greater than those without a head injury. Self-reported 
symptoms were significantly greater in players with a head 
injury 26.16 ± 17.6 compared with control players 
8.93 ± 11.5, P < 0.001. There was no direct effect on symptom 
severity resulting from previous head injury (3 ± 4, P = 0.77) or 
age (32 ± 13, P = 0.48) when analyzed as covariates.

Table 2 displays the SCAT3 performance among rugby 
players with and without a head injury. Values presented are 

means, standard deviations, and results for Mann Whitney’s 
U-Test are displayed in Table 3 and values presented are 
medians, interquartile ranges, and effect size. Players classified 
as head injury (median of 11 and range of 8) were found to 
report significantly more symptoms (P < 0.001, large effect size 
r = 0.53) compared to controls (median of 3 and range of 4), 
greater severity (P < 0.001, large effect size r = 0.55), but with 
41% of the control players reporting symptoms above 
a median score of 6, and 11% reporting symptoms above 
a score 23 which was the median score for the head injury 
group. Additionally, significant differences were found in SAC 
total, players classified as head injury (median of 25 and range 
of 5) compared to players classified as control (median of 2 and 
range of 3) (P < 0.01, small effect size r = 0.21) (45). Refer to 
Figure 1. There were no differences in Total BESS (P = 0.75, 
small effect size r = 0.02) in players with a head injury (median 
of 5 and range of 7) and control players (median of 5 and range 
of 7). Refer to Figure 1.

Sex Differences in the SCAT3 Components

Supplemental Table 1 shows a breakdown of each of the 
SCAT3 components both for the control and head injured 
players separated by sex. In the head injury group, there was 

Table 2. Descriptive Statistics for players with a head injury and control players separated by Sex. The mean and standard deviation for the classified players 
with a head injury and control players are reported.

Descriptive Statistics

Head Injury Control

Men Women Men Women

Mean S.D Mean S.D Mean S.D Mean S.D

Headache 1.80 1.43 2.43 1.35 0.43 0.86 0.77 1.13
Pressure in the Head 1.44 1.58 2.18 1.52 0.47 0.97 0.90 1.23
Neck Pain 1.16 1.57 1.18 1.61 0.87 1.13 1.00 1.36
Nausea/ Vomiting 0.76 1.33 0.89 1.20 0.17 0.63 0.13 0.52
Dizziness 1.30 1.61 1.57 1.50 0.29 0.77 0.28 0.76
Blurred Vision 0.52 1.07 0.50 1.26 0.09 0.36 0.08 0.35
Balance Problems 0.82 1.19 1.11 1.50 0.37 0.96 0.18 0.51
Sensitivity to Light 1.00 1.54 1.11 1.75 0.27 0.72 0.28 0.65
Sensitivity to Noise 0.64 1.21 0.96 1.48 0.12 0.45 0.03 0.16
Feeling Slowed Down 1.92 1.71 1.96 1.93 0.52 1.08 0.36 0.93
Feeling Like Fog 1.46 1.54 1.25 1.80 0.34 0.94 0.26 0.75
Don’t Feel Right 1.82 1.67 2.39 1.95 0.34 0.91 0.18 0.51
Difficulty Concentrating 1.62 1.63 1.64 1.52 0.42 0.96 0.41 0.91
Difficulty Remembering 1.62 1.76 1.32 1.54 0.51 0.96 0.46 1.00
Fatigue 1.70 1.76 1.86 1.72 1.00 1.37 1.18 1.54
Confusion 1.32 1.57 0.75 0.97 0.22 0.60 0.13 0.52
Drowsiness 1.18 1.45 1.54 1.64 0.49 1.04 0.67 1.36
Trouble Falling Asleep 0.33 1.01 0.18 0.61 0.49 1.15 0.36 1.01
More Emotional 0.44 0.86 1.18 1.98 0.36 1.00 0.23 0.74
Irritable 0.68 1.06 0.68 1.47 0.38 0.96 0.28 0.79
Sad 0.60 1.16 1.00 1.78 0.20 0.71 0.44 1.29
Nervous Anxious 0.82 1.18 0.68 1.19 0.57 1.18 0.49 1.21

Table 3. Table 3 Mann-Whitney U-Test results for the SCAT3 components in players with a head injury and control players.

Mann-Whitney U-Test on players with a head injury and control players

Head Injury Median Control Median Head Injury IQR Control IQR Mann- Whitney U Effect Size (r) P-Value

Total # Symptoms 11 3 8 4 1842 −0.53 0.000***
Symptom Severity 23 6 25 8.5 1724 −0.55 0.000***
BESS total 5 5 7 6 4283 −0.02 0.739
SAC Total 25 26 5 3 2737 −0.21 0.007

***p < 0.001.
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a significant difference in symptom reporting between men 
and women for the symptom pressure in the head (P = 0.02), 
with men reporting a median of 1 and women reporting 
a median of 2. In the control group, SCAT3 scores differed 
significantly among men and women in the following areas: 
immediate memory (P = 0.03), single leg stance (P = 0.03), 
tandem leg stance (p = 0.02), SAC delayed recall (P = 0.02), 
and pressure in the head (P = 0.02). The median (IQR) scores 
were similar; the differences, while statistically significant, may 
not be clinically significant (see Supplemental table 1).

Symptom clusters reported by players following a match

The Principal Component Analysis (PCA) supported 
a 5-factor solution, with a KMO measure sampling adequacy 
of 0.866. The 5 factors included 22 items and consisted of (1) 
Cognitive: 38% of the variance, eigenvalue = 8.41, 6 items 
related to Cognitive-Sensory (Confusion, Difficulty 
Remembering, Difficulty Concentrating, Feeling like a Fog, 
Balance Problems, Blurred Vision); (2) Headache: 8.5% of 
the variance, eigenvalue = 1.88, 7 items related to Headaches 
(Pressure in Head, Headache, Feeling Slowed down, Dizziness, 
Don’t Feel Right, Fatigue) (3) Emotional-Affective: 5.8% of the 
variance, eigenvalue = 1.27, 5 items related to emotional- 
affective (Sad, Nervous and Anxious, Irritable, More 
Emotional, Trouble Falling Asleep); (4) Hypersensitive: 5.5% 
of the variance, eigenvalue = 1.2, 4 items related to 

hypersensitivity (Sensitivity to Noise, Sensitivity to Light, 
Nausea/Vomiting, Don’t Feel Right). Factor (5) was responsi-
ble for 4.98% of the variance, eigenvalue = 1.1, but was not 
included for further analysis since there was 1 loading item, 
neck pain. Additionally, there were cross-loadings among the 
following symptoms; Feeling like a Fog (loaded under 
Cognitive Sensory and Headache), Feeling Slowed Down 
(loaded under Cognitive Sensory and Headache), Dizziness 
(loaded under Cognitive Sensory and Headache), Drowsiness 
(loaded under Headache and Emotional-Affective), Don’t Feel 
Right (loaded under Hypersensitive and Headache), Fatigue 
(loaded under Headache and Emotional Affective) and 
Irritable (loaded under Emotional Affective and 
Hypersensitive). The symptoms were retained for further ana-
lysis under the cluster in which they showed a higher loading. 
See factor solutions in Figure 2 and factor structure loadings in 
Supplemental Table 2.

Symptom cluster evaluation in players who experienced 
an injury to the head

Mann Whitney’s U-Tests displayed in Figure 3 were per-
formed on the four clusters to identify which clusters, if 
any, could show a clearer distribution difference between 
the symptom scores of the players who just played a game 
compared to a player who played a game and experienced 
an injury to the head. Mann–Whitney U-tests, using 

Figure 1. SCAT3 Components in players with a head injury and control players. Depicts the total number of symptoms (Z = −7.61, P < 0.001), total symptom severity 
(Z = −7.89, P < 0.001), SAC total (Z = −2.46, P = 0.007), and BESS total (Z = −0.32, P = 0.739) among players with a head injury and control players. Mann-Whitney 
U results for the SCAT3 components. p < 0.05*, p < 0.01**, p < 0.001***.
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a Bonferroni correction (adjusted to 0.0125), revealed sig-
nificant differences between the players with a head injury 
and control group for the following symptom clusters: 
Cognitive-Sensory (p < 0.001), Headache (p < 0.001), 
Emotional-Affective (p < 0.004), and Hypersensitive 
(p < 0.001). The Cognitive-Sensory cluster showed players 
with a head injury report a median of 1.0 and range of 4.3 
symptom scores, while the control players report a median 
of 0.0 and range of 2.0. The Headache cluster (Pressure in 
Head, Headache, Feeling Slowed down, Dizziness, Don’t 
Feel Right, Fatigue) showed players with a head injury 
report a median of 1.7 and range of 5 symptom scores, 
while the controls report a median of 0.0 and range of 3.0; 
of which only 6% reported above the median of 1.7 in the 
symptoms listed under the factor Headache. Emotional 
Affective showed players with a head injury report 

a median of 0.4 range of 3.4 symptom scores, while the 
controls report mean scores with a median of 0.2 and 
a range of 4.4. Hypersensitive showed players with a head 
injury report a median of 0.3 and range of 5.0 symptom 
scores, while the controls report a median of 0.0 and range 
of 2.7. The mean scores of the symptom clusters are in 
Figure 3.

The most predictive symptom clusters of players who 
experienced an injury to the head

A logistic regression with four predictor variables was used 
to examine what factors immediately following a rugby 
match could identify players with and without 
a concussion. The following factors were significant: 

Cognitive 

Confusion

Difficulty Remembering

Difficulty Concentrating

Feeling Like a Fog

Balance Problems

Blurred Vision

Emotional-Affective

Trouble Falling Asleep

Sad

Nervous/ Anxious

Irritable 

More Emotional 

Hypersensitivity

Sensitivity to Noise

Sensitivity to Light 

Nausea/Vomiting

Don’t Feel Right

Headache

Pressure in Head 

Headache

Feeling Slowed Down

Dizziness

Don’t feel Right

Fatigue

Component 

1

Component 

2

Component 

3

Component 

4

Figure 2. Principal Component Analysis: An illustration of the factor clusters. 4 factor solutions derived from the SCAT3 symptom ratings performed by rugby players 
who just played a match. Refer to Supplemental Table 2 for detailed factor loadings. Cross-loading symptoms are bolded.
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Cognitive-Sensory (p < 0.001), Hypersensitive (p = 0.001), 
and Headache (p < 0.001). Emotional-Affective (p = 0.20) 
was not significant. Classification results indicated that 
91.3% of the control rugby players and 65.4% of the players 
with a head injury were correctly classified, with the model 
correctly predicting 81.5% of the cases. Refer to Table 4 for 
detailed regression outcomes.

Discussion

This study demonstrates three main findings; 1) participa-
tion in a high intensity exercise contact sport without 
receiving a head injury can in some players result in 
increased symptoms that appear similar to players that 
have suffered a head injury; 2) SCAT3 scores of symptom 
reporting and severity were significantly greater in players 
who had experienced a head injury compared with con-
trols; 3) Principal Component Analysis demonstrated that 

the symptom clusters of Cognitive, Hypersensitive and 
Headache were most predictive in discriminating which 
players had a head injury.

Confounding effect of exercise on symptom reporting

This study highlights the importance of considering the effect 
of exercise intensity and physical contact during sports on the 
self-reported symptoms and severity scores during the SCAT3. 
Concussion work by McCrea investigated the Graded 
Symptom Checklist (GSC) postgame/post practice in collegiate 
football players and found there was a significant difference in 
the symptom scores between the concussed and control 
players. However, unlike our study, there was no overlap in 
post-game symptoms when comparing the control players to 
concussed players, and the players also reported similar base-
line and post-game symptom scores (48). These differences in 
findings could be due to several reasons. McCrea et al 

Figure 3. Depicts the mean scores of the 4 symptom clusters: a) Headache (Z = 8.66, P < 0.001);,  b) Hypersensitive (Z = 4.64, P < 0.001);     c) Cognitive-Sensory 
(Z = 7.14, P < 0.001), and d) Emotional Affective (Z = 3.29, P = 0.001) among the identified control and players with a head injury. Mann-Whitney U results for the SCAT3 
Symptom Clusters. p < 0.05*, p < 0.01**, p < 0.001***.

Table 4. Regression analysis was performed on the 4-factor solution derived from the SCAT3 symptom 
ratings to identify which factors are predictive of players who experienced an injury to the head.

Logistic regression on symptom clusters post-game

Factors OR 95% C.I. for EXP(B) P- Value

Cognitive 3.29 2.08 5.22 0.000***
Headache 3.43 2.26 5.21 0.000***
Emotional -Affective 0.78 0.54 1.14 0.200
Hypersensitivity 2.00 1.31 3.05 0.000***

***p < 0.001, 2-tailed, Odds Ratio (OR), Confidence Interval (CI).
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examined players who were diagnosed as having a concussion, 
compared to our players who had suffered a head injury. 
Interestingly, despite this difference, when comparing symp-
tom severity, the players in McCrea’s study reported mean 
scores of 20.9 out of 102 (21% of max score), and our players 
reported 26.2 out of 132 (20% of max score). Regardless of the 
similarities, our players did not have a diagnosed concussion 
so we cannot directly compare the data. We also saw signifi-
cant differences in baseline data between McCrea’s players and 
our controls. Using percent of max severity score, controls in 
McCrea’s study reported means of 1.0% compared to the 6.8% 
in our exercised controls. It is unclear why the controls in this 
study reported such low symptom severity scores (no different 
than preseason baseline). However, the postgame/postpractice 
data in controls were imputed so this may have affected the 
values. Due to the much lower symptoms severity scores in 
controls, there was little overlap in severity scores between 
controls and concussed players, unlike our data with signifi-
cant overlap.

Considering the work of Broglio et al. 2019 that determined 
symptom severity was the most discriminating measure with 
scores <16 indicating a non-concussed player (96% specificity) 
(13). In the current data set, 21% of the control group that had 
recently completed intense exercise without a head injury 
reported symptoms >16, which would have classified them as 
concussed according the Broglio criteria. This is consistent 
with previous work which has demonstrated increased symp-
tom severity in exercised participants compared with rested 
participants (24–26). Similarly, our exercised control players 
experienced both increased severity and number of symptoms, 
resulting from the physical stresses of recently participating in 
a high-intensity contact sport. Thus, when comparing the 
values, while significantly less, there remained clear overlap 
in some symptom categories between the controls and the 
players who had experienced a head injury (Figure 1). This is 
consistent with previous literature which has demonstrated 
that exercise is associated with changes in the number of self- 
reported concussion symptoms and symptom severity scores 
(26), increases in fatigue scores following treadmill testing 
(37), and increases in number of symptoms following submax-
imal (49) and maximal exercise (24).

Thus, these data suggest that it is important to consider the 
comparison group used when examining symptoms reported 
following a concussion. Previous studies have utilized the 
SCAT3 during rested baseline conditions and then compared 
those scores to post-concussion. However, the concussed 
players have not only experienced a head injury, but have 
also been involved in significant exercise while playing 
a sport (24). This results in a confound of comparing a rested 
condition without a head injury to an exercise state with a head 
injury. At rest, participants tend to report fewer total number 
of symptoms compared to following exercise (24,26). Thus, 
symptoms endorsed following a head injury would represent 
symptoms, both from the head injury and from the intense 
exercise of the high-injury contact sport just played (21).

The control players in this dataset likely reported increased 
symptoms due to their recent participation in a high-intensity 
collision sport, rugby in this case, which can cause an elevation 
in symptoms due to exercise intensity, inflammation, and 

dehydration. Symptoms associated with maximal exercise 
may include fatigue, feeling slowed down, dizziness, and pres-
sure in the head (24, 26). In addition, symptoms could be due 
to injuries other than head injuries, increasing the total num-
ber of symptoms and symptom severity (50). Following exer-
cise, induced dehydration is likely to occur, which could cause 
symptoms, such as headache, feeling in a fog, and feeling 
slowed down to increase (51). The physiological effects of 
exercise, inflammation, and dehydration could result in clin-
ical symptoms being reported that are similar to those follow-
ing a concussion. Given the prominence of self-report 
symptoms in concussion assessment, it is important when 
doing sideline assessments to distinguish which symptoms 
are likely the result of intense exercise in players, versus 
those that are associated with the head injury.

SCAT3 performance among players with and without 
a head injury

The findings of this study support previous outcomes showing 
that the symptom severity scale and the total number of 
symptoms differ among players with and without a head 
injury, while the other SCAT3 components do not (22,50). 
While symptom scores were greater in the players with head 
injury, intense exercise also resulted in increased reporting of 
symptoms on the SCAT. This may explain why the data isn’t 
clinically significant for some of the symptoms reported 
between the injury and control group. The differences found 
in the cognitive examination (SAC) and balance performance 
(total BESS) in players with or without a head injury in our 
study were not clinically significant and had small effect sizes. 
Similarly, a study observing the validity of the SCAT3 in 
concussed and control (baseline) players resulted in a small- 
to-medium effect size for the SAC and BESS, with a poor 
ability for the components to discriminate between concussed 
and control players (52). In addition, a previous study evaluat-
ing the effects of exercise on the SCAT3 showed that exercise 
could influence performance in balance and gait (24), which 
could explain why the difference found on balance perfor-
mance in these data was not clinically significant (24). Unlike 
recent datasets, our data compare control players with similar 
exercise and contact exposure, which could influence BESS 
performance, making the test less sensitive to head injury 
symptoms. It remains unclear how balance performance is 
affected by sports-related concussion; there is a dire need for 
additional measures that can detect subtle deficits among 
players who just participated in a game without a head injury 
compared with those who experienced a head injury.

Sex differences in the SCAT3 components

In this sample of rugby players, we did not find any sex 
differences in players with an injury to the head. However, 
there were differences, although not clinically significant, 
between the men and women in the control group in the 
following components: immediate memory, single leg stance, 
tandem leg stance, SAC Delayed Recall and pressure in the 
head. In contrast to previous studies where women tend to 
report more symptoms (22, 30–32), our data did not 
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demonstrate a statistically significant differences between men 
and women in the number and severity of symptoms reported. 
Similarly, a meta-analysis reported no sex differences between 
men and women post-concussion, except for women reporting 
lower confusion scores then men (23, 33). Importantly, a large 
cohort study also found no sex differences in recovery among 
collegiate players (53). Although we also did not find signifi-
cant sex differences, it is important to consider sex differences 
in symptom reporting, as previous data has found differences 
(22, 33).

Symptom clusters reported by players following a match

A principal component analysis was performed to better 
understand which symptom clusters derived from the SCAT3 
were commonly reported following the intense exercise of 
a sports match. The results retained a 4-factor structure in 
order of contribution to the overall variance; Cognitive- 
Sensory (Confusion, Difficulty Remembering, Difficulty 
Concentrating, Feeling like a Fog, Balance Problems, Blurred 
Vision); (2) Headache (Pressure in Head, Headache, Feeling 
Slowed down, Dizziness, Don’t Feel Right); (3) Emotional- 
Affective (Sad, Trouble Falling Asleep, Nervous and Anxious, 
Drowsiness, More Emotional); (4) Hypersensitive (Sensitivity 
to Light, Sensitivity to Noise, Irritable). In summary, the first 
cluster, Cognitive-Sensory, demonstrates the most variation of 
the symptoms in the projected data set (with each symptom 
listed in order of influence), while the second cluster Headache 
shows the next highest variance, and so on. Previous factor 
characterization has been performed on Post-Concussion 
Symptom Scale (PCSS) (21, 54) resulting in an analysis on set 
of baseline symptom clusters, and then a separate analysis on 
set of concussed symptom clusters. An important finding in 
this study, is that the symptoms within each of these factors 
were retained by performing a PCA analysis on the entire data 
set, highlighting how these symptoms may be related to 
players’ recent participation in a high-injury contact sport, 
and not just a PCA analysis on players who experienced 
a head injury compared with controls. Importantly, previous 
studies comparing exercise to rested baseline found symptoms 
such as feeling like a fog, feeling slowed down, dizziness, head-
ache, and pressure in the head (24, 26, 51) were reported by the 
exercise group. In observing these findings, we can see that 
those symptoms are also reported within the first two factors in 
this analysis. Clinicians involved in the sideline care of players 
should consider the possible symptoms that could be induced 
by a player’s recent participation in a contact sport when 
interpreting the SCAT3, specifically the symptoms. Rugby is 
considered a sport with repeated and intense physical contact 
while performing high intensity exercise. This principal com-
ponent analysis retained four factors composed of symptoms 
that may be present in players who just played an intense 
match, not just the players who experienced a head injury.

Symptom cluster evaluation in players who experienced 
a head injury

In examining the mean scores of the symptom clusters, we 
explored whether specific clusters could demonstrate less 

overlap between group, to better distinguish between players 
with a head injury (exercised with a head injury) and those 
without (exercised controls) in this study. The results showed 
a significant difference among the four identified symptom 
clusters (Cognitive-Sensory, Headache, Emotional-Affective, 
Hypersensitive). However, as seen in Figure 3, the distribution 
differs most in the symptom cluster “Headache” composed of: 
Pressure in Head, Headache, Feeling Slowed down, Dizziness, 
and Don’t Feel Right. Under this cluster only 6% of the control 
players reported symptoms above the median. Clinically, the 
symptoms listed within this cluster may provide a better indi-
cator of players who experienced a head injury and are more at 
risk of a concussion compared to players who just played 
a game. These clusters have the potential to be used to predict 
a pattern across players who have experienced a head injury

The most predictive symptom clusters of players who 
experienced a head injury

A logistic regression was performed on the 4 factors to inves-
tigate which components were most associated with players 
who had a head injury. The regression results showed that the 
Cognitive-Sensory, Hypersensitive and Headache clusters 
were most predictive of head injury status in the group of 
players who had all completed intense exercise. Emotional- 
Affective (Sad, Trouble Falling Asleep, Nervous and Anxious, 
Drowsiness, More Emotional) was not significant, which is not 
surprising since one of the symptoms within that factor is 
trouble falling asleep which cannot be due to the immediate 
effects of a head injury. However, we cannot rule out that this 
symptom could have contributed to risk of concussion since 
poor sleep may have increased vulnerability to receive a head 
injury during a match. Altogether, these findings may provide 
future guidance on symptom clusters that could be examined 
as of greater value for use in diagnosis of concussion. 
Examination of a larger dataset using the outlined symptom 
clusters could be analyzed using an ROC analysis and specifi-
city tests to determine if the symptoms listed within the 
Cognitive-Sensory, Hypersensitive and Headache clusters 
from the initial PCA analysis are more clinically important 
for on-field immediate diagnosis of a head injury.

Limitations

A limitation related to concussion diagnosis is the lack of 
consistency and no clear gold standard. There are different 
screening exams used in conjunction depending on the physi-
cian and study to arrive at a diagnosis. This makes it difficult to 
interpret results between different studies. While this study 
reveals several important findings, a limitation is that we did 
not have a direct diagnosis of concussion. According to the 5th 

international consensus “SRC may be caused either by a direct 
blow to the head, face, neck or elsewhere on the body with an 
impulsive force transmitted to the head.” The players in this 
study experienced a direct hit/blow to the head (4). 
Additionally, there were multiple data collection sites requir-
ing multiple administrators able to assess players at each loca-
tion. All administrators were trained to perform the SCAT3 
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but a limitation is that this study did not assess inter- and 
intra-rater reliability.

This study did not have rested controls, which would be 
needed to observe the differences among non-injured rested 
players, non-injured exercised players, and players with a head 
injury. Additionally, during the Principal Component 
Analysis, there was a complexity naming the factors because 
some of the names given to the factors may not precisely 
capture all the variables within that factor. For example, some 
variables may load onto multiple factors, which may indicate 
a correlation with each other, but not with the overall factor. 
Further analysis is needed for symptoms that cross-loaded with 
loadings > 0.4 within multiple factors. Another limitation of 
this work is the relatively small sample size, which may have 
contributed to the lack of sex differences observed in this study 
compared to previous studies. Finally, covariates related to 
comorbidities and playing time were not controlled for.

Overall summary

While investigating the core physiological findings of the 
larger study and correlating them to the symptoms, it was 
evident that the exercised controls were reporting increased 
symptoms as well. Thus, the present study examined how 
symptom reporting may have been affected by a high level of 
physical exertion and how this may affect the use of self 
reported symptoms as a rapid sideline assessment to assess 
head injury. To our knowledge, this is the first study to 
report SCAT factor characterization values in players with 
a head injury and control players immediately following 
a match, when both have participated in high intensity 
exercise. These data demonstrate that exertion during 
a match increased the number and severity of self-reported 
symptoms in control players, even though they had not 
experienced a head injury, which could lead to difficulty 
differentiating these players from those that had experienced 
a head injury. In addition, our work finds that symptom 
clusters associated with Headache and Cognitive-Sensory 
were the most sensitive to detecting differences between 
the players with a head injury and control players. To date, 
there is no objective measure to detect sports concussions on 
field, making it difficult for clinicians to diagnose, predict, 
and monitor recovery in players. The aggregate findings of 
this paper provide a novel approach to assessing head inju-
ries on field using the SCAT3 that can be used to interpret 
objective physiological measures. The current findings will 
allow us to investigate if the symptoms listed under 
“Headache,” are correlated to initial physiological outcomes 
in players with a head injury. Understanding prominent 
symptoms and nonobjective markers can strengthen side- 
line assessments. Future work could examine if these symp-
tom clusters could be used to better diagnose concussion in 
players who just played an intense match.
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