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Context: Clinicians sometimes treat concussed individuals
who have amnesia, loss of consciousness (LOC), a concussion
history, or certain symptom types more conservatively, but it is
unclear whether recovery patterns differ in individuals with these
characteristics.

Objective: To determine whether (1) amnesia, LOC, and
concussion history influence the acute recovery of symptoms,
cognition, and balance; and (2) cognition and balance are
influenced by acute symptom type.

Design: Cohort study.
Setting: Seven sports at 26 colleges and 210 high schools.
Patients or Other Participants: A total of 8905 collegiate (n

¼ 1392) and high school (n ¼ 7513) athletes.
Main Outcome Measure(s): The Graded Symptom Check-

list, Standardized Assessment of Concussion, and Balance
Error Scoring System were administered to all athletes during
the preseason. To allow us to track recovery patterns, athletes
diagnosed with a concussion (n ¼ 375) repeated these
assessments immediately after the injury, 3 hours postinjury, 1
day postinjury, and at 2, 3, 5, 7, and 90 days after injury.

Results: Athletes who experienced amnesia had markedly
greater deficits in and a slower recovery trajectory on measures
of symptoms, cognition, and balance. Athletes with 2 or more

prior concussions demonstrated poorer balance than those with
no previous history. Otherwise, LOC and concussion history
largely did not affect symptoms, cognition, or balance. Greater
deficits in balance scores were observed in athletes with all
symptom types. Regardless of these characteristics, most
athletes recovered within 7 to 10 days.

Conclusions: Athletes who experienced amnesia had more
symptoms and greater deficits in cognition and balance.
Symptoms and cognitive or balance deficits were not consis-
tently associated with LOC or concussion history. Acute
symptoms had a strong influence on balance scores and, to a
lesser extent, on cognition. However, we found no evidence to
support more cautious return-to-play decisions for athletes with
these characteristics, as group recovery occurred within normal
timelines. Our study supports current clinical practice: recom-
mending that athletes be withheld from activity until they are
asymptomatic, followed by a graduated return-to-play progres-
sion.

Key Words: traumatic brain injuries, return to play, Stan-
dardized Assessment of Concussion, Balance Error Scoring
System

Key Points

� Amnesia was the predictor that most influenced clinical recovery from concussion.
� Loss of consciousness, concussion history, and acute symptom group did not substantially affect symptom,

cognitive, or balance outcomes.
� Most injured athletes recovered within the normal timelines established for the Graded Symptom Checklist,

Standardized Assessment of Concussion, and Balance Error Scoring System.

O
ver the past 2 decades, the playing fields, athletic
training rooms, and sports medicine clinics have
served as working laboratories where clinicians

and researchers have learned about sport-related concus-
sions. Contrary to popular media stories, the concussion
incidence rates reported over the last decade are not
alarmingly higher than those previously reported in the
literature.1,2 Although concussion incidence rates have
remained relatively stable, the concussion landscape has
changed considerably since the first large prospective

studies3,4 on concussions in collegiate athletes were
published. All 50 states and the District of Columbia have
now passed laws to address sport-related traumatic brain
injury; most of these laws target youth sport-related
concussions.5

Even though incidence rates have remained largely
stable, concussions are still prevalent, comprising 13% of
all sports injuries in high school athletes.2 Epidemiologic
studies1,2,6,7 continue to show that football, ice hockey,
lacrosse, and soccer athletes have the highest concussion
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incidence rates per athlete-exposures. Concussion injury
rates are higher during competition compared with practice
and appear to be higher for females than for males
participating in sports with the same rules (eg, basketball
and soccer).1,6 Marar et al2 found that more than 11% of
concussed high school athletes had a concussion history
and, in certain sports, 20% of reported concussions were
recurrent within the same athletic season. These observa-
tions agree with the previous literature,3 which suggested
that a concussion history increases the risk of future
concussive events.

Along with a concussion history, on-field variables such
as amnesia and loss of consciousness (LOC) have
traditionally been thought to represent the most serious
signs of concussion,8 leading clinicians to weigh these
characteristics heavily when making return-to-play deci-
sions. The clinical emphasis on the influence of amnesia
and LOC stems from earlier concussion-management
guidelines, which graded concussion severity primarily on
the presence and duration of these factors. With respect to
amnesia, both the Cantu Grading System and the Colorado
Medical Society classification guidelines were based on its
presence and duration, whereas the American Academy of
Neurology recommendations were largely unaffected by
amnesia.9 Both the 1991 Colorado Medical Society and the
1997 American Academy of Neurology concussion-grading
guidelines classified individuals with any duration of LOC
as having a grade 3 (severe) concussion, whereas the Cantu
grading scale classified individuals with LOC longer than 1
minute as having a severe concussion.9 Although these
grading scales are no longer recommended for use in
clinical concussion diagnosis and management,10 the
unfounded notion that amnesia and LOC are signs of a
more serious injury persists.

Deciding when an athlete can safely return to participa-
tion after a concussion is perhaps the most challenging task
for any sports medicine clinician. In collegiate athletes,
concussive symptoms typically resolve within 7 to 10 days
of the injury; cognitive functioning generally improves to
baseline levels within 10 days when measured by the
Standardized Assessment of Concussion (SAC) or comput-
erized neurocognitive tests, and balance deficits typically
dissipate within 3 to 5 days postinjury when measured via
the Balance Error Scoring System (BESS) or Sensory
Organization Test.11,12 Collegiate football players with a
history of 3 or more concussions were more than 3 times as
likely to experience a subsequent concussion than players
with no such history, and their recoveries were more likely
to be slower than the recoveries of those who had fewer
prior concussions.3 These findings are underscored by
reports13,14 indicating an association between repetitive
concussions and subconcussive head impacts and long-term
neurologic deficits, such as mild cognitive impairment,
dementia, depression, and chronic traumatic encephalopa-
thy. Therefore, understanding how various symptoms, on-
field markers of injury, and intrinsic factors influence
concussion recovery can have important implications in
both the acute and later-life settings.

Uncertainty persists surrounding acute concussion-recov-
ery patterns and factors that can assist a clinician in
providing a specific prognosis, including a return-to-play
timeline. Few researchers have investigated the influence of
amnesia, LOC, concussion history, and symptom groups on

concussion recovery, and mixed findings were reported.
Although some investigators reported no relationship of
amnesia15,16 or LOC15,16 with concussion history17,18 or
prolonged concussion recovery, others noted that these
factors increased the risk of atypical recovery.18,19 Concus-
sion consensus statements still suggest that these factors,
particularly prolonged LOC (.1 minute), should influence
concussion management.20 Previous authors often failed to
track athletes frequently over time, providing little
information about the typical recovery trajectory for
concussed athletes with or without these clinically
meaningful factors. Thus, the primary purposes of our
study were (1) to compare the recovery patterns of acute
symptoms, cognition, and balance in athletes after a sport-
related concussion and (2) to better understand the effects
of amnesia, LOC, and concussion history on these recovery
patterns. As a secondary purpose, we sought to determine
whether acute symptom type influenced cognitive or
balance recovery.

METHODS

Study Design

For our study, we used existing data from the Concussion
Prevention Initiative (CPI), a large (n¼ 375) case series of
concussions collected using standardized procedures and
trained data collectors. For a detailed description of the
CPI, including the full study design, injury definition used
to diagnose concussion, and data-collection procedures,
please see Marshall et al.7 Briefly, between 1999 and 2001,
the CPI prospectively enrolled 8905 athletes (1392
collegiate athletes at 26 colleges and 7513 high school
athletes at 210 high schools) from schools or colleges with
at least 1 certified athletic trainer (AT) on staff. Seven
sports (football, men’s and women’s ice hockey, men’s and
women’s lacrosse, and men’s and women’s soccer) were
studied. To minimize the reporting burden, each school
contributed data from no more than 3 sports to the study.
The Institutional Review Board at The University of North
Carolina at Chapel Hill approved this study, and all
participants aged 18 and older provided written informed
consent before study enrollment. For athletes younger than
18, written informed assent was collected along with
parental consent before enrollment.

Injury Definition

A concussion was defined as an injury from a blow to the
head that caused an alteration in mental status resulting in 1
or more concussion symptoms. Symptom reporting, in
combination with a clinical examination, was used to
diagnose concussion, which was the responsibility of the
AT. A concussed participant was excluded if there was
evidence of associated drug use or concurrent nonconcus-
sive injury (such as a fractured bone).

Data Collection

All athletes on a team who consented were tested at
baseline. Each athlete was administered a baseline
questionnaire, which included questions regarding concus-
sion history. Athletes at each institution were followed
prospectively for concussions through their playing careers.

Journal of Athletic Training 289

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-01 via free access



Once a concussion was identified, the AT used an assigned
testing protocol with assessment measures (Table 1) to
evaluate the player at the time of injury, 3 hours postinjury,
and at 1, 2, 3, 5, 7, and 90 days postinjury. A symptom (the
primary outcome variable for tracking recovery) was scored
0 if absent or given a rating between 1 (mild) and 6
(severe). If the athlete was unavailable for testing on the
designated day, the AT collected the data on the next
possible day. Additionally, the AT used a standardized
form to record details about each injury (mechanism of
injury, LOC, presence and duration of amnesia, etc), some
of which were used to create groups for the statistical
analyses. Individuals were considered to have experienced
LOC if the athlete, an AT, or anyone present reported a
state of blacking out (being unaware of himself or herself
and the surroundings) or the athlete was unresponsive to
communication. The AT recorded the presence or absence
of LOC and the duration of the event. Posttraumatic
amnesia was defined as an inability to recall events after the
injury, such as exiting the field and questions asked during
the medical examination. Retrograde amnesia was defined
as the inability to recall events preceding the injury, such as
details about the play on which the injury occurred, the
score or drill at the time of injury, or noteworthy events
earlier in the game or practice. Individuals with these
deficits were considered to have experienced amnesia. The
AT continued to repeat these questions until the athlete
could correctly answer them, at which point the amnesia
was considered to have cleared. The AT recorded the
presence and duration (time in minutes from injury to
clearing of the amnesia) when applicable.

Symptoms

Symptoms were assessed using the 7-point Likert scales
on the Graded Symptom Checklist (GSC; Table 1). We
classified symptoms into 4 groups: somatic (early onset),
somatic (evolving onset), cognitive, and neurobehavior-
al.7,21 Early-onset somatic symptoms include dizziness,
headache, nausea, numbness/tingling, visual disturbances,

and vomiting: these somatic symptoms typically decrease
during the acute injury period, especially if the patient is
properly managed. In contrast, evolving-onset somatic
symptoms may increase over the same acute injury period.
This group includes drowsiness, fatigue, sensitivity to light,
and sensitivity to sound. Cognitive symptoms include
feeling ‘‘in a fog’’ and having difficulty concentrating and
remembering. Neurobehavioral symptoms include difficul-
ty sleeping, irritability, sadness, and sleeping more than
usual. These symptom groups largely mimic the symptom
clusters established in the literature.13,21,22 Symptom scores
were missing for 37% of participants at the time of injury,
42% at 3 hours postinjury, 21% at 1 day postinjury, and
13% at 3 days postinjury. We defined the symptom groups
using the 1-day postinjury scores because symptoms were
elevated at this time point, and fewer data were missing
than at the time of injury.

Statistical Analysis

The GSC, SAC, and BESS data were analyzed using a
general linear mixed model with random intercepts and
random slopes with correction for first-order autoregressive
serial correlation.23 This model allowed us to account for
repeated measures with intermittently missing and irregu-
larly timed GSC, SAC, and BESS measurements over time,
while accounting for within-athlete measurements of serial
correlation. Polynomial terms representing time, time2,
time3, and time4 were included to represent the recovery
curves. Higher-order polynomials were removed if fewer
terms improved the model fit (assessed using the Akaike
Information Criterion). Each athlete had his or her own
intercept in the analysis (random intercept), so that the
change from baseline due to injury for each person had its
own starting response at the time of injury and was allowed
to vary among players. In addition, the rate of recovery
after concussion was allowed to vary among participants
(random slopes for time). These random-effects models
were assumed to follow a normal distribution.

Table 1. Assessment Measures

Measure Functional Domain Description Score Range

Time to

Administer

Graded

Symptom

Checklist17

Postconcussive symptoms Athlete rates presence and

severity of 17 symptoms

(eg, headache, dizziness)

Likert scale: 0 (no

symptoms)–6 (severe); total

score range ¼ 0–102;

higher score indicates more

severe symptoms

2–3 min

Standardized

Assessment

of Concussion42,a

Cognitive functioning: Brief neurocognitive

assessment and neurologic

screening; documentation

of unconsciousness,

posttraumatic and

retrograde amnesia

Total score range ¼ 0–30;

lower score indicates more

severe cognitive impairment

5 min

Orientation

Immediate and delayed

memory

Concentration

Neurologic screening:

Strength

Sensation

Coordination

Balance Error

Scoring

System41

Balance Noninstrumented, clinical

assessment of balance in

double-legged, single-

legged, tandem stances on

firm and foam surfaces

Total score range ¼ 0–60;

test score ¼ total number of

errors; higher score

indicates more severe

postural instability

5 min

a Alternate forms used to minimize practice effects from repeat testing on the Standardized Assessment of Concussion.
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Indicator terms were included for amnesia, LOC, and
concussion history to explore the interaction of those
predictors with recovery time. We used customized Wald
statistics to test for statistical differences among groups.
Specifically, we produced 2 P values: overall group
difference and slope group difference. The P value for

overall group difference tested the hypothesis that there
were statistical differences in recovery trajectories among
groups (including both the time-of-injury effect and the
recovery slope). The slope difference tested the subhypo-
thesis that the recovery slopes differed (ie, the overall group
difference without the time-of-injury effect).

Figure 1. Recovery patterns of the Graded Symptom Checklist based on, A, amnesia, B, loss of consciousness, and C, concussion
history. Athletes who experienced amnesia for 30 minutes or longer had greater overall symptom scores (P , .05) than those who
experienced no or 30 minutes or less of amnesia. The groups did not differ based on loss of consciousness or concussion history.
Symptoms for all groups returned to baseline by day 7 postinjury. Values estimated from linear mixed model with x-axis in log (time in
hoursþ1). Continued on next page.
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A natural log-transformation of time (measured in hours,
with 1 added to avoid taking the loge of zero) was used to
improve the fit of the model. The model was fitted using
restricted maximum likelihood estimation and the Ken-
ward-Roger adjustment for denominator degrees-of-free-
dom correction. Models for amnesia and LOC included
concussion history as a covariate. Previous authors24

indicated that recovery trajectories were similar between
high school and collegiate athletes for the symptom
checklist, SAC, and BESS outcomes; therefore, similar to
other researchers,18 we did not include setting (high school
or college) as a covariate.

RESULTS

In this study, we followed approximately the same
number of football (n¼ 110), men’s soccer (n¼ 105), and
women’s soccer (n ¼ 103) teams and significantly fewer
men’s lacrosse (n¼ 44), women’s lacrosse (n¼ 32), men’s
ice hockey (n¼ 5), and women’s ice hockey (n¼ 5) teams.
A total of 375 concussions were observed among the 8905
enrolled athletes, with football (n¼ 239), men’s soccer (n¼
54), women’s soccer (n ¼ 35), and women’s lacrosse (n ¼
26) contributing the majority of concussions (94.4%) in our
study. The average overall incidence rate was 26.1 per
100 000 athlete-exposures, and the overall risk for an
average season was 1.8 per 100 athletes.7 For more
information regarding the epidemiologic findings of our
study, please see Marshall et al.7

Concussion Incidence

The risk of sustaining an incident concussion was
associated with a history of self-reported concussion. Of
the 352 concussed players, 103 (29.3%) reported

sustaining at least 1 concussion within the last 2 years.
Players with 1 previous concussion during this period
were 2.2 times more likely to sustain a concussion than
those with no concussion history, and players with a
history of 2 or more previous concussions were 4.2 times
more likely to sustain a concussion than those with no
concussion history.

Graded Symptom Checklist Scores

We observed increases from baseline in postconcussion
symptoms on the GSC during the initial 7 days postinjury.
Athletes who experienced 0 to 30 minutes of amnesia
tended to have higher symptom-severity scores at the time
of injury and at 3 hours postinjury (Figure 1A), and
athletes whose amnesia lasted longer than 30 minutes
tended to have higher symptom-severity scores for more
than 6 days postinjury: group differences achieved
statistical significance (P ¼ .04). However, we did not
observe any GSC recovery differences for LOC (Figure
1B) or concussion history (Figure 1C). Thus, the
symptoms of athletes who experienced LOC or had a
positive concussion history were similar to those of
athletes without these factors.

Standardized Assessment of Concussion Scores

Even more than for GSC score, major deficits on SAC
scores during the initial 24 to 72 hours postinjury compared
with baseline were evident in athletes who had experienced
amnesia. For SAC scores, both the 0- to 30-minute group
and the longer-than-30-minute group showed much greater
deficits at the time of injury than the no-amnesia group
(Figure 2A). Similar to the GSC findings, there were no
statistical differences in SAC recovery with respect to LOC

Figure 1. Continued from previous page.

292 Volume 52 � Number 3 � March 2017

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-01 via free access



or concussion history. We observed a trend by which
athletes with LOC scored lower on the SAC than those
without LOC at the time of injury, but it was not significant
(Figure 2B). Concussion history did not influence recovery
on the SAC (Figure 2C).

Balance Error Scoring System Scores

As with the GSC and SAC, athletes whose amnesia lasted

longer than 30 minutes demonstrated worse balance

deficits, which persisted to the 1-day assessment point,

Figure 2. Recovery patterns of Standardized Assessment of Concussion (SAC) scores based on, A, amnesia, B, loss of consciousness
(LOC), and C, concussion history. The overall score and slope of the curve showed deficits in both amnesia groups (0–30 and �30
minutes) for up to 72 hours postinjury (P , .05). Athletes with LOC at time of injury tended to score worse on the SAC than those with no
LOC, but this trend failed to reach significance (P¼ .08). No differences in SAC scores were observed based on concussion history. All
groups returned to baseline within 72 hours postinjury. Values estimated from linear mixed model with x-axis in log (time in hours þ1).
Continued on next page.
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relative to those without amnesia or those with short-
duration amnesia (Figure 3A). Contrary to our expectations,
athletes with LOC tended to demonstrate better balance
scores than athletes without LOC, although there was no
statistically significant overall group effect (Figure 3B).
Concussion history was a significant determinant of BESS
scores: athletes with 2 or more prior concussions exhibited
greater balance deficits relative to those with no previous
concussions or only 1 previous concussion (Figure 3C).

Symptom Type in Relation to SAC and BESS Scores

Overall SAC recovery trajectories were not affected by
the presence of evolving-onset somatic and neurobehavior-
al symptoms. Athletes with early-onset somatic symptoms
(P¼ .026) and cognitive symptoms (P¼ .019) demonstrat-
ed greater SAC deficits at the time of injury, 3 hours
postinjury, and 1 day postinjury than athletes who did not
have these symptoms. Greater deficits on BESS scores were
observed in the presence of early-onset somatic symptoms
(group difference: P ¼ .0010), evolving-onset somatic
symptoms (P¼ .018), cognitive symptoms (P¼ .017), and
neurobehavioral symptoms (P ¼ .012). Greater BESS
deficits were present at the time of injury, 3 hours
postinjury, and 1 day postinjury in athletes with these
symptoms relative to athletes without these symptoms.

DISCUSSION

Amnesia, LOC, concussion history, and symptom type
have been important clinical considerations in return-to-
play decisions. Amnesia and LOC in particular have
traditionally been thought to be the most serious signs of
concussion8 and can be identified by ATs and other medical
personnel who witness the event or thorough clinical

evaluation. Although our findings support the concept that
amnesia (particularly amnesia longer than 30 minutes) was
associated with more symptoms and greater cognitive and
balance deficits, the 3 outcome measures (GSC, SAC, and
BESS) did not support differences for LOC, concussion
history, or symptom group (Table 2). We observed strong
associations between early-onset somatic symptoms and
worsening of both cognitive and balance recovery.
Evolving-onset somatic symptoms and neurobehavioral
symptoms were also associated with poorer balance
outcomes.

Given the concussion laws signed in all 50 states and the
District of Columbia5 and continuing policy changes in
collegiate and professional sports, concussion evaluation
and management continue to be important topics in sports
medicine. A new policy of the National Collegiate Athletic
Association has mandated a ‘‘one-time, preparticipation
baseline concussion assessment’’ that should, at minimum,
consist of a clinical interview that includes concussion
history and symptom, cognitive, and balance assess-
ments.25(p58) As the standardized assessments of symptoms,
cognition, and balance have become the standard of care for
concussion, the GSC, SAC, and BESS are 3 quickly
administered, clinician-friendly sideline-assessment tools
that are frequently used in sport medicine settings. These
tools capture the domains recommended in the National
Collegiate Athletic Association concussion policy changes
and a multitude of published concussion position state-
ments and best-practice guidelines.10,20,26,27 Therefore, it is
important to understand not only how these tests are used in
concussion evaluation but what information they can
provide about concussion prognosis, recovery, and return-
to-play activities.

Our results are consistent with those of prior studies3,28

that demonstrated an increased risk for a future concussion

Figure 2. Continued from previous page.
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in those who had a history of concussion. With growing
evidence about the long-term effects of concussion,
especially in individuals with a history of multiple
concussions,3,29,30 sports medicine personnel must consider
and articulate the risks associated with a return to contact

sports. No other authors have serially investigated the
recovery of concussive symptoms and SAC and BESS
scores using amnesia, LOC, and concussion history as
isolated predictors; several groups have looked at the time
of resolution from injury to recovery.

Figure 3. Recovery patterns of Balance Error Scoring System (BESS) scores based on, A, amnesia, B, loss of consciousness (LOC), and
C, concussion history. Those athletes with 30 minutes or longer of amnesia had worse BESS scores for the first 48 hours postinjury than
the short-duration and no-amnesia groups. The same trend was seen based on concussion history: athletes with 2 or more previous
concussions had worse overall BESS scores for up to 48 hours postinjury than athletes with 1 or 0 previous concussions. Athletes with
LOC had better scores for the first 48 hours postinjury than athletes who did not sustain LOC. All athletes returned to baseline by 72 hours
postinjury. Values estimated from linear mixed model with x-axis in log (time in hours þ1). Continued on next page.
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Previous investigators4,31 have reported the resolution of
concussive symptoms on different timelines, with average
resolution beginning at about 3 days. For the majority of
concussed individuals, resolution of symptoms occurs within
7 to 10 days postinjury.32 Scores on the SAC return to
baseline around 48 hours postconcussion.33,34 Scores on the
BESS return to baseline between 3 and 5 days postinjury.11,31

Regardless of amnesia, LOC, concussion history, or
symptom group, the average group for all domains recovered
to baseline within the timelines established by the literature,

except that the amnesia group took 1 day longer to recover
based on SAC assessment. Although 1 study35 supported an
association between amnesia and prolonged recovery,
others36–38 did not. When examining LOC, McCrea et al18

found that LOC was the most significant predictor of
prolonged concussion recovery. However, most research has
shown no relationship between LOC and symptom dura-
tion19,38 or neuropsychological measures.39,40

Beyond the on-field signs of concussion (amnesia and
LOC), we examined the influence of concussion history,

Figure 3. Continued from previous page.

Table 2. Summary of Clinical Findings

Factor

Overall Group Differences?

Findings in Athletes

With Stated Symptom(s)

Graded

Symptom

Checklist

Standardized

Assessment of

Concussion

Balance Error

Scoring System

Amnesia Yes Yes Yes Particularly with amnesia �30 min: greater

symptom, cognitive, and balance deficits

during the initial 2–3 d postinjury only; by

5 d postinjury, no group differences

Loss of consciousness No No No Similar recovery curves to those who did

not lose consciousness

Concussion history No No Yes Particularly with �2 injuries: poorer balance

from time of injury to 2 d postinjury, but

all returned to baseline by 3 d postinjury

Somatic (early-onset) symptoms NAa Yes NAa Greater cognitive deficits at time of injury

and 3 h and 1 d postinjury

Somatic (evolving-onset) symptoms NAa No Yes Greater balance deficits at time of injury

and 3 h and 1 d postinjury

Cognitive symptoms NAa NAa Yes Greater balance deficits at time of injury

and 3 h and 1 d postinjury

Neurobehavioral symptoms NAa No Yes Greater balance deficits at time of injury

and 3 h and 1 d postinjury

Abbreviation: NA, not applicable.
a Overlap in assessment construct.
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separating individuals into groups with 0, 1, or 2 or more
previous concussions. Previous authors have found that
concussion history can negatively influence the general
length of concussion recovery19 as well as the resolution of
symptoms,3 cognitive functioning,41 and balance mea-
sures42 individually. However, the literature is mixed, with
2 studies17,38 showing that a positive concussion history did
not predict recovery. In our investigation, the BESS deficits
were more prominent in individuals with a higher number
of previous concussions. Yet these deficits were observed
for only the first 3 days postinjury, indicating that the
overall course of balance recovery was not influenced by a
history of repeat concussions.

We also took a deeper look at symptom types and how
these may influence balance and cognitive outcomes.
Somatic (early-onset) and cognitive symptoms significantly
influenced SAC recovery up to 1 day postinjury. This result
in the cognitive-symptom group is not surprising because
difficulty concentrating and remembering are highly corre-
lated with the concentration and recall assessments on the
SAC. Additionally, somatic symptoms, such as headache43

and visual disturbances,44 are known to influence cognition.
All symptom groups (somatic early onset, somatic evolving,
cognitive, and neurobehavioral) were associated with worse
BESS performance up to the first day after injury. The result
for the somatic early-onset group was not unexpected
because dizziness can influence performance on postural-
stability tasks such as the BESS. Also, although they may not
be as intuitive, factors including psychological aspects45 and
disturbed sleep46 have been shown to influence balance.
Additionally, attention is considered to be a fixed capacity.47

Cognitive symptoms, such as difficulty concentrating, may
indicate a reduced attentional capacity after concussion,
which may account for poorer balance performance. The
different symptom types clearly have unique effects on
balance and cognition, suggesting that management tech-
niques may need to be specialized for symptom type.
Clinicians should be particularly attentive to the types of
symptoms being reported as they manage the athlete’s
recovery and set expectations for performance on clinical
tests of concussion recovery. Anecdotally, we understand
that, if somatic symptoms are mitigated, the likelihood of
mitigating the deleterious effects of neurobehavioral symp-
toms is increased, thereby lessening the risk of postconcus-
sion syndrome, which often presents with severe and long-
lasting cognitive and neurobehavioral symptoms. Future
researchers should continue to investigate the unique effects
of various symptom clusters and how they influence
symptoms and overall concussion recovery.

CONCLUSIONS

In the absence of sensitive biomarkers, such as blood
tests and neuroimaging, to detect concussion and track
recovery, refining our understanding of the available valid
assessment tools and the expected changes with certain
modifiers is paramount. Even though athletes with amnesia,
LOC, a concussion history, and early-onset somatic
symptoms demonstrated greater deficits on selected assess-
ment measures than athletes without these characteristics,
the greater deficits, for the most part, did not persist beyond
the initial few days postinjury, and no lingering effects
were observed.

Our study is one of few that have used multiple
assessment time points to serially investigate the recovery
curve from immediately postinjury through recovery and
beyond. Overall, amnesia was the predictor that most
influenced clinical recovery and LOC; concussion history
and acute symptom group did not significantly influence
symptom, cognition, or balance outcomes. Importantly, the
majority of individuals recovered within the normal
timelines established for the GSC (7 days), SAC (2 days),
and BESS (3–5 days), except that the amnesia group took 1
day longer to recover on the SAC.

Our findings provide evidence for managing concussion
on an individual basis and not assuming that the presence of
amnesia and LOC at the time of injury will have deleterious
effects on recovery. Current clinical guidelines suggest that
athletes be asymptomatic for 24 hours before beginning a
graded return-to-play protocol.26 We found that regardless
of amnesia, LOC, or concussion history, the recovery of
concussive symptoms often lagged behind the recovery of
cognitive and balance deficits. This suggests that following
current clinical practice and waiting until symptoms resolve
is the best method for returning athletes to activity after
concussion.

ACKNOWLEDGMENTS

This study was supported in part by grants from the Centers for
Disease Control and Prevention (Atlanta, GA), the National
Operating Committee on Standards for Athletic Equipment
(Overland Park, KS), and the National Collegiate Athletic
Association (Indianapolis, IN).

REFERENCES

1. Lincoln AE, Caswell SV, Almquist JL, Dunn RE, Norris JB, Hinton

RY. Trends in concussion incidence in high school sports: a

prospective 11-year study. Am J Sports Med. 2011;39(5):958–963.

2. Marar M, McIlvain NM, Fields SK, Comstock RD. Epidemiology of

concussions among United States high school athletes in 20 sports.

Am J Sports Med. 2012;40(4):747–755.

3. Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulative effects

associated with recurrent concussion in collegiate football players:

the NCAA Concussion Study. JAMA. 2003;290(19):2549–2555.

4. McCrea M, Guskiewicz KM, Marshall SW, et al. Acute effects and

recovery time following concussion in collegiate football players: the

NCAA Concussion Study. JAMA. 2003;290(19):2556–2563.

5. Kirschen MP, Tsou A, Nelson SB, Russell JA, Larriviere D; Ethics,

Law, and Humanities Committee, a Joint Committee of the American

Academy of Neurology, American Neurological Association, and

Child Neurology Society. Legal and ethical implications in the

evaluation and management of sports-related concussion. Neurology.

2014;83(4):352–358.

6. Dick RW, Hootman JM, Agel J, Marshall SW. Concussion rates and

gender in NCAA competitions [abstract]. Med Sci Sports Exerc.

2008;40(5):S231.

7. Marshall SW, Guskiewicz KM, Shankar V, McCrea M, Cantu RC.

Epidemiology of sports-related concussion in seven US high school

and collegiate sports. Inj Epidemiol. 2015;2(1):13.

8. Halstead ME, Walter KD, Council on Sports Medicine and Fitness.

American Academy of Pediatrics. Clinical report: sport-related

concussion in children and adolescents. Pediatrics. 2010;126(3):

597–615.

9. Cantu RC. Posttraumatic retrograde and anterograde amnesia:

pathophysiology and implications in grading and safe return to play.

J Athl Train. 2001;36(3):244–248.

Journal of Athletic Training 297

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-01 via free access



10. Giza CC, Kutcher JS, Ashwal S, et al. Summary of evidence-based

guideline update: evaluation and management of concussion in

sports. Report of the Guideline Development Subcommittee of the

American Academy of Neurology. Neurology. 2013;80(24):2250–

2257.

11. Riemann BL, Guskiewicz KM. Effects of mild head injury on

postural stability as measured through clinical balance testing. J Athl

Train. 2000;35(1):19–25.

12. McCrea M, Barr WB, Guskiewicz K, et al. Standard regression-based

methods for measuring recovery after sport-related concussion. J Int

Neuropsychol Soc. 2005;11(1):58–69.

13. Kelly JP. Traumatic brain injury and concussion in sports. JAMA.

1999;282(10):989–991.

14. Thurman DJ, Alverson C, Browne D, et al. Traumatic Brain Injury in

the United States: A Report to Congress. Atlanta, GA: National

Center for Injury Prevention and Control, Centers for Disease

Control and Prevention, US Department of Health and Human

Services; 1999.

15. Bock S, Grim R, Barron TF, et al. Factors associated with delayed

recovery in athletes with concussion treated at a pediatric neurology

concussion clinic. Childs Nerv Syst. 2015;31(11):2111–2116.

16. Lau BC, Kontos AP, Collins MW, Mucha A, Lovell MR. Which on-

field signs/symptoms predict protracted recovery from sport-related

concussion among high school football players? Am J Sports Med.

2011;39(11):2311–2318.

17. Iverson G. Predicting slow recovery from sport-related concussion:

the new simple-complex distinction. Clin J Sport Med. 2007;17(1):

31–37.

18. McCrea M, Guskiewicz K, Randolph C, et al. Incidence, clinical

course, and predictors of prolonged recovery time following sport-

related concussion in high school and college athletes. J Int

Neuropsychol Soc. 2013;19(1):22–33.

19. Corwin DJ, Zonfrillo MR, Master CL, et al. Characteristics of

prolonged concussion recovery in a pediatric subspecialty referral

population. J Pediatr. 2014;165(6):1207–1215.

20. McCrory P, Meeuwisse WH, Aubry M, et al. Consensus statement on

concussion in sport: the 4th International Conference on Concussion

in Sport held in Zurich, November 2012. Br J Sports Med. 2013;

47(5):250–258.

21. Piland SG, Motl RW, Ferrara MS, Peterson CL. Evidence for the

factorial and construct validity of a self-report concussion symptoms

scale. J Athl Train. 2003;38(2):104–112.

22. Piland SG, Motl RW, Guskiewicz KM, McCrea M, Ferrara MS.

Structural validity of a self-report concussion-related symptom scale.

Med Sci Sports Exerc. 2006;38(1):27–32.

23. Diggle P, Heagerty P, Liang K-Y, Zeger S. Analysis of Longitudinal

Data. New York, NY: Oxford University Press; 2002.

24. Nelson LD, Guskiewicz KM, Barr WB, et al. Age differences in

recovery after sport-related concussion: a comparison of high school

and collegiate athletes. J Athl Train. 2016;51(2):142–152.

25. Concussion guidelines. National Collegiate Athletic Association

Web site. http://www.ncaa.org/health-and-safety/concussion-

guidelines. Accessed September 16, 2015.

26. Broglio SP, Cantu RC, Gioia GA, et al. National Athletic Trainers’

Association position statement: management of sport concussion. J

Athl Train. 2014;49(2):245–265.

27. Harmon KG, Drezner JA, Gammons M, et al. American Medical

Society for Sports Medicine position statement: concussion in sport.

Br J Sports Med. 2013;47(1):15–26.

28. Guskiewicz KM, Weaver NL, Padua DA, Garrett WE Jr. Epidemi-

ology of concussion in collegiate and high school football players.

Am J Sports Med. 2000;28(5):643–650.

29. Guskiewicz KM, Marshall SW, Bailes J, et al. Association between

recurrent concussion and late-life cognitive impairment in retired

professional football players. Neurosurgery. 2005;57(4):719–726.

30. Guskiewicz KM, Marshall SW, Bailes J, et al. Recurrent concussion

and risk of depression in retired professional football players. Med

Sci Sports Exerc. 2007;39(6):903–909.

31. Guskiewicz KM, Ross SE, Marshall SW. Postural stability and

neuropsychological deficits after concussion in collegiate athletes. J

Athl Train. 2001;36(3):263–273.

32. Randolph C, Millis S, Barr WB, et al. Concussion symptom

inventory: an empirically derived scale for monitoring resolution of

symptoms following sport-related concussion. Arch Clin Neuro-

psychol. 2009;24(3):219–229.

33. McCrea M. Standardized mental status testing on the sideline after

sport-related concussion. J Athl Train. 2001;36(3):274–279.

34. McCrea M, Kelly JP, Randolph C, et al. Standardized assessment of

concussion (SAC): on-site mental status evaluation of the athlete. J

Head Trauma Rehabil. 1998;13(2):27–35.

35. Lovell MR, Collins MW, Iverson GL, et al. Recovery from mild

concussion in high school athletes. J Neurosurg. 2003;98(2):296–

301.

36. Meehan WP, Mannix R, Monuteaux MC, Stein CJ, Bachur RG. Early

symptom burden predicts recovery after sport-related concussion.

Neurology. 2014;83(24):2204–2210.

37. Meehan W III, Mannix RC, Stracciolini A, Elbin RJ, Collins MW.

Symptom severity predicts prolonged recovery after sport-related

concussion, but age and amnesia do not. J Pediatr. 2013;163(3):721–

725.

38. Gibson S, Nigrovic LE, O’Brien M, Meehan WP 3rd. The effect of

recommending cognitive rest on recovery from sport-related

concussion. Brain Inj. 2013;27(7–8):839–842.

39. Lovell MR, Iverson GL, Collins MW, McKeag D, Maroon JC. Does

loss of consciousness predict neuropsychological decrements after

concussion? Clin J Sport Med. 1999;9(4):193–198.

40. Guskiewicz KM. Postural stability assessment following concussion:

one piece of the puzzle. Clin J Sport Med. 2001;11(3):182–189.

41. Covassin T, Stearne D, Elbin R 3rd. Concussion history and

postconcussion neurocognitive performance and symptoms in

collegiate athletes. J Athl Train. 2008;43(2):119–124.

42. Slobounov S, Slobounov E, Sebastianelli W, Cao C, Newell K.

Differential rate of recovery in athletes after first and second

concussion episodes. Neurosurgery. 2007;61(2):338–344.

43. Collins MW, Field M, Lovell MR, et al. Relationship between

postconcussion headache and neuropsychological test performance in

high school athletes. Am J Sports Med. 2003;31(2):168–173.

44. Galetta MS, Galetta KM, McCrossin J, et al. Saccades and memory:

baseline associations of the King-Devick and SCAT2 SAC tests in

professional ice hockey players. J Neurol Sci. 2013;328(1–2):28–31.

45. Yardley L, Redfern MS. Psychological factors influencing recovery

from balance disorders. J Anxiety Disord. 2001;15(1–2):107–119.

46. Patel AV, Mihalik JP, Notebaert AJ, Guskiewicz KM, Prentice WE.

Neuropsychological performance, postural stability, and symptoms

after dehydration. J Athl Train. 2007;42(1):66–75.

47. Plummer P, Eskes G. Measuring treatment effects on dual-task

performance: a framework for research and clinical practice. Front

Hum Neurosci. 2015;9:225.

Address correspondence to Kevin M. Guskiewicz, PhD, ATC, FNATA, FACSM, Matthew Gfeller Sport-Related Traumatic Brain Injury
Research Center, University of North Carolina at Chapel Hill, Campus Box 8700, Chapel Hill, NC 27599. Address e-mail to gus@
email.unc.edu.

298 Volume 52 � Number 3 � March 2017

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-01 via free access


