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Natural History of Concussion in Sport
Markers of Severity and Implications for Management
Michael Makdissi,*y MBBS, PhD, David Darby,z MBBS, PhD, Paul Maruff,z PhD,
Antony Ugoni,y MSc, Peter Brukner,y MBBS, and Paul R. McCrory,y MBBS, PhD
From yCentre for Health, Exercise and Sports Medicine, University of Melbourne, Parkville,
Victoria, Australia, and zCogState Ltd, Melbourne, Victoria, Australia
Background: Evidence-based clinical data are required for safe return to play after concussion in sport.
Purpose: The objective of this study was to describe the natural history of concussion in sport and identify clinical features associated with more severe concussive injury, using return-to-sport decisions as a surrogate measure of injury severity.
Study Design: Cohort study (prognosis); Level of evidence, 3.
Methods: Male elite senior, elite junior, and community-based Australian Rules football players had preseason baseline cognitive
testing (Digit Symbol Substitution Test, Trail-Making Test–Part B, and CogSport computerized test battery). Players were recruited into the study after a concussive injury sustained while playing football. Concussed players were tested serially until all
clinical features of their injury had resolved.
Results: Of 1015 players, 88 concussions were observed in 78 players. Concussion-associated symptoms lasted an average of
48.6 hours (95% confidence interval, 39.5-57.7 hours) with delayed return to sport correlated with 4 symptoms, headache lasting 60 hours, or self-reported ‘‘fatigue/fogginess.’’ Cognitive deficits using the Digit Symbol Substitution Test and Trail-Making
Test–part B recovered concomitantly with symptoms, but computerized test results recovered 2 to 3 days later and remained
impaired in 35% of concussed players after symptom resolution.
Conclusion: Delayed return to sport was associated with initially greater symptom load, prolonged headache, or subjective concentration deficits. Cognitive testing recovery varied, taking 2 to 3 days longer for computerized tests, suggesting greater sensitivity to impairment. Therefore, symptom assessment alone may be predictive of but may underestimate time to complete
recovery, which may be better estimated with computerized cognitive testing.
Keywords: brain trauma; concussion; sport; injury severity

of depression18 and cumulative cognitive deterioration.19,22
Hence, expert consensus guidelines recommend that players should not be allowed to return to competition until
they have recovered completely from their concussive injury.2,33,34 The main problem with this recommendation is
that currently there are no direct objective measures of
brain function that can definitively indicate return to
normal after concussive injury and guide return-to-play
decisions. Consequently, clinicians must rely on indirect
measures to inform clinical judgment, such as symptoms
and signs of concussion, in addition to the use of brief
cognitive tests to estimate recovery of brain function.
An understanding of the typical pattern of recovery of
clinical measures used in the assessment of concussion is
important in decisions regarding safe return to play after
concussive injury. A number of studies in high school and
collegiate American football players have demonstrated
recovery of symptoms in a majority of concussed athletes
within 5 to 10 days of injury.19,27,32 Similar findings have
also been observed in professional American football players.37 The time-course of recovery of cognitive function,

Concussion is a common problem in many contact
sports.23,35 In the United States alone, it is estimated
that approximately 1.6 to 3.8 million cases of sports-related
and recreation-related traumatic brain injury occur each
year,24 which represents a significant health problem in
active communities.
Determining recovery and guiding safe return to play
after a concussive injury is challenging. Premature return
to play has been reported to increase the risk of complications such as prolonged concussive symptoms or symptoms
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however, is inconsistently reported in the literature, with
some studies revealing transient deficits3,27 and others
demonstrating prolonged cognitive decline.14,38 The common methodological flaw in these studies is that they
estimate a player’s preconcussion ability and compare
postconcussion performance to matched control players.
This may reduce the sensitivity for detecting subtle
changes, which may still occur within a population-based
normative range.10
Another important component of management relates to
the ability of the clinician to identify higher grades of injury
severity and potential for poor outcome after concussion in
sport. Although loss of consciousness is a traditional marker
of more severe head injuries, it does not appear to reflect
injury severity or predict time to recovery in concussion or
mild traumatic brain injury.15,35 The association between
posttraumatic amnesia or postconcussive symptoms26 and
concussion severity17,30 is less clear. Recent studies suggest
that the overall burden of postconcussive symptoms,15,35
presence of postconcussive headache,11 or self-reported history of concussion,12,19 may correlate with time to recovery.
However, the outcome measures used were not indicative of
complete recovery (return to play on the day of injury, the
degree of cognitive impairment at follow-up).
In many elite sports where there is high risk of concussion, experienced doctors oversee concussion management
programs. In Australian football, ongoing research and
education programs have resulted in a relatively standardized approach to the diagnosis and management of concussive injuries. In this setting, and in the absence of a readily
available biomarker for complete recovery, medical clearance to return to play after concussion can be used as a surrogate indicator of resolution of a concussion and provide
a common reference point against which the clinical presentation, cognitive sequelae, and injury severity of concussion can be compared. Such information could then be
used to assist in the management of concussion in sport
and guide safe return-to-play decisions.
The purpose of the current study is to describe the pattern of symptom and cognitive recovery after concussion in
Australian football and to investigate the relationship
between these features and time to return to play, in order
to identify clinical factors that may be useful in classifying
injury severity.

METHODS
This prospective cohort study was conducted in Australian
football over 4 competitive seasons (2001-2004). Participants were male Australian Rules football players
recruited from elite senior, elite junior, and communitybased team competitions. All players underwent baseline
cognitive testing before the start of each season and were
prospectively monitored for concussive injuries during
each season they were involved in the study.
All teams chosen to participate in the study were cared
for by highly experienced medical staff. Team doctors
involved in Australian football are representatives of
a group called the Australian Football League Medical
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Officers Association. This association holds regular meetings, conducts research projects, and provides ongoing
education programs for all members. Consequently, Australian football team doctors have a relatively standardized
approach to the diagnosis and management of common
problems such as concussion.
The team doctors at each club, who were present at the
time of injury, made the diagnosis of concussion in each
case according to standard injury definitions.2,13 Criteria
contributing to the identification of concussed players
included symptoms reported by players or signs observed
by medical staff after a traumatic injury. Symptoms
included (but were not limited to) players reporting feeling
dinged, dazed, stunned, woozy, foggy, ‘‘head full of cotton
wool,’’ or ‘‘not quite right,’’ as well as posttraumatic headache, visual disturbance, confusion, memory disturbance,
balance disturbance, vertigo, and light headedness. Signs
included confusion, loss of consciousness, disorientation,
memory disturbance, unsteadiness, attention deficit, and
personality change.
The standard approach to return-to-play decisions after
concussion in Australian football involves monitoring of
symptom recovery and a limited cognitive assessment, using
either paper-and-pencil tests or computerized test batteries.
The uniform management strategies employed by team doctors are based on long-standing research and education programs dating from the mid-1980s.29,35 Furthermore, this
clinical approach to return-to-play decisions after concussive
injury mirrors the current expert consensus recommendations for the management of concussion in sport.2,33,34
Concussed players were monitored regularly until all
clinical features of their concussive injury had resolved.
The timing of postconcussion assessments reflected the
individual clinical management strategies of experienced
team doctors and was designed to be pragmatic rather
than being conducted at set time intervals after injury.

Assessment of Clinical Features
A standard postconcussion clinical assessment form was
used to record details of the player’s concussion history
and clinical features, based on previous research.2,25 If
the player was assessed at the time of injury, the team doctor filled in the forms. All other follow-up assessments
were completed by 1 of the authors (M.M.). Postconcussive
symptoms experienced after injury were classified as present or absent.

Assessment of Cognitive Function
Cognitive testing included brief paper-and-pencil tests (the
Digit Symbol Substitution Test (DSST),40 the Trail Making
Test–Part B (TMT-B),1 already in use in Australian football,28 and a commercial computerized cognitive test battery
(CogSport, CogState Ltd, Melbourne, Victoria, Australia).8
This battery used standard computer hardware, 2 designated
keyboard response buttons (‘‘K’’ and ‘‘D’’ for ‘‘YES’’ or ‘‘NO,’’
respectively), simple textual instructions, and game-like
playing-card stimuli in 5 tasks assessing psychomotor
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processing speed (simple reaction time), decision making
(choice reaction time), divided attention (monitoring), memory, and learning. Validation studies for serial evaluation of
change have been reported previously,7 as has sensitivity to
cognitive effects of concussion in sport.6 All cognitive tests
were performed and scored according to published protocols.1,7,40 Cognitive tests were administered before the season, and then repeated during the follow-up assessments.
Follow-up scores were compared with the player’s individual
baseline performance. When a player was assessed at the
time of injury, the team doctor administered the tests. All other follow-up tests were administered by 1 of the authors
(M.M.).
All players recruited into the study performed the DSST
and TMT-B at baseline. Because of the time commitment
and resources required for preseason testing, not all teams
were able to use the computerized test battery as part of
the testing protocol.

Assessment of Recovery
The time taken for the player to return to sport—defined
as either full training or competitive playing—was
recorded as a measure of clinical recovery. This measure
takes into account all facets of clinical recovery including
symptom resolution and recovery of cognitive function
both at rest and with physical exertion. In each case, the
return-to-play decision was made by the team doctor based
on his or her usual management protocols. The results of
the cognitive testing were made available to team doctors,
so it is possible that return-to-sport decisions utilized this
information, although this study did not attempt to influence return-to-sport decisions.
Symptom recovery was defined as the time (days from
injury) until all reported postconcussive symptoms had
resolved. Cognitive recovery was defined for each concussive injury as the time taken (days from injury) for all cognitive deficits to recover (ie, no statistically meaningful
deficit in any test domain compared to baseline
performance).

Data Analysis
For clinical symptoms, the proportion of players reporting
each clinical feature and the mean duration of all clinical
features was calculated. For cognitive measures, a reliable
change index (RCI) was used to assess return to individual
baseline. The RCIs were calculated for the DSST score,
TMT-B time (seconds), and individual components of the
computerized test battery as previously described.9 Onetailed tests were conducted (a level .05), as negative shifts
in performance were predicted after concussion.21 Given
the variable timing of the follow-up cognitive assessment,
results were stratified according to the presence or absence
of symptoms, to reflect the clinical state of the athlete at
the time of testing.6
Post hoc sample size calculations were performed to
determine if there existed a significant change in cognitive
testing on both the pencil-and-paper tests and computerized

test battery. For the pencil-and-paper tests, previous pilot
data demonstrated a standard deviation of 7 points with
retesting in a normal population, and a change of 10 points
to represent a clinically relevant change from baseline.
With 5% significance, 21 observations were then required
to see this as a significant difference with 90% power, as
determined through 1-sample t test methodology. Similarly,
for the computerized test battery, a clinically relevant
change from baseline was considered to be 50 milliseconds
(and change to baseline times had a standard deviation of
75 milliseconds). With 5% significance, 24 observations
were then required to see this as a significant difference
with 90% power.
In preliminary analyses, results were stratified according to age groups (16-18 years of age and .18 years) and
level of play (under 18 years of age elite, senior elite
[.18 years], and senior community level) with no significant differences identified in any variables assessed (ie,
symptom number, severity or duration, cognitive deficits
or time to recovery). Consequently, the data were combined to reduce the potential for statistical error associated
with analyses of smaller datasets.
The association between clinical features and time to
return to sport was investigated using a Cox proportional
hazard model. Analyses were performed by comparing
each individual clinical variable with time to return to
sport (univariate analysis), and by taking into account all
other variables assessed (multivariate analysis). The purpose of the multivariate analysis was to determine the
impact of each clinical feature on time to return to sport,
independent of the influence of other clinical features.
Results are interpreted as hazard ratios and statistical significance is defined as the exclusion of the value 1.00 within the 95% confidence interval (a level .05, 2-tailed test).
Analysis of cognitive tests used SPSS software (SPSSNorusis/SPSS Inc, Chicago, Illinois). Survival analyses
were performed using the Stata 7.0 statistical package
(StataCorp LP, College Station, Texas).
A number of players suffered repeated concussive injuries during the study period. For the purpose of the study,
any player who had not completely recovered from a concussive injury on clinical evaluation was excluded from further analyses. Consequently, all concussive injuries were
considered individual events for data analysis.
The Human Research Ethics Committee of the University of Melbourne granted approval for the study. All players provided written informed consent before being
recruited into the study.

RESULTS
A sample of 1015 male Australian football players aged
between 16 and 35 years were recruited at baseline into
the study (675 elite senior players, 272 elite junior players,
68 community-level players). The median age of the overall
group was 22 years (interquartile range [IQR], 19-24).
Eighty-eight concussions were observed in 78 players.
Two players were concussed 3 times, 6 players were concussed twice, and the remaining 70 players suffered
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TABLE 1
Frequency and Duration of Clinical Features Reported After Concussive Injury in Australian Football (N 5 88)a
Clinical Feature

N

Headache
Confusion, disorientation
Visual disturbance
Dizziness, unsteadiness
Amnesia
Fatigue, lethargy, ‘‘fogginess’’
Loss of consciousness
Sleep disturbance
Nausea

77
55
36
35
33
33
32
23
23

N% (95% CI)
87.5
62.5
40.9
39.8
37.5
37.5
36.4
26.1
26.1

Mean Duration (95% CI)

(80.6-94.4)
(52.4-72.6)
(30.6-51.2)
(30.0-50.0)
(27.4-47.6)
(27.4-47.6)
(26.4-46.4)
(17.0-35.3)
(17.0-35.3)

44.7
2.1
8.5
27.6
1.6
58.3
1.1
55.8
8.8

Range

(35.1-54.2)
(0.3-4.0)
(3.4-13.7)
(16.2-38.9)
(0.5-2.7)
(45.6-70.9)
(0.8-1.5)
(34.5-77.1)
(0.0-18.9)

0-240
0-48
0-48
0-120
0-12
0-144
0-5
0-240
0-120

a
N, number of players reporting clinical feature; N%, percentage of players reporting clinical feature; 95% CI, 95% confidence intervals.
Duration of clinical features expressed in hours except for loss of consciousness, which is expressed in minutes.

TABLE 2
Summary of Individual Postconcussion RCIs for Paper-and-Pencil Tests Stratified According to Clinical State of the Playera
Symptomatic
DSST
Number of tests
Mean RCI
(95% confidence intervals)
Number (%) of individual tests with significant deficits
Overall number (%) with 1 significant deficit in test battery

TMT-B

40
34
20.03
20.03
(20.50, 0.44)
(20.49, 0.45)
5 (12.5%)
3 (8.8%)
7 (17.5%)

Asymptomatic
DSST
49
0.50
(0.18, 0.83)
1 (2.0%)

TMT-B
48
20.88
(21.24, 20.52)
1 (2.0%)
2 (4.2%)

a

RCI, reliable change index. Performance deficit is reflected by a decrease in DSST (Digit Symbol Substitution Test) score and increase in
TMT-B (Trail-Making Test–Part B) time (log10 [s]); RCI .1.65 for DSST and \21.65 for TMT-B considered significant.

a single concussive injury over the study period. All concussive injuries were included in the analysis, as all players were considered recovered between concussions.
There were 72 concussive injuries in elite senior players
(incidence, 3.5 per 1000 player-hours), 6 in elite junior
players (incidence, 1.3 per 1000 player hours), and 10 in
community-level players (incidence, 3.2 per 1000 player
hours). The median age of concussed players was 22 years
(IQR, 17-34 years).

Assessment of Clinical Features
Follow-up assessments were conducted at a median of
48 hours (IQR, 18-72 hours), 96 hours (IQR, 72-120), and
120 hours (IQR, 110-126 hours). The numbers of players
with symptoms reported at these assessments (of 88 injuries) were 34 (38.6%), 7 (8.0%), and 1 (1.1%), respectively.
The latter player ultimately retired because of persistent
headache after his concussive injury. No other neurologic
abnormalities were reported after concussive injury.
The frequency and duration of clinical features reported
after concussive injury are summarized in Table 1.
Overall, the mean number of symptoms reported for each
concussive injury was 3.7 (95% confidence interval, 3.4-4.0)
and duration of symptoms was 48.6 hours (95% confidence
interval, 39.5-57.7 hours). Headache was the most common
reported symptom, and fatigue, lethargy, ‘‘fogginess,’’ sleep
disturbance, and headache lasted the longest.

Assessment of Cognitive Function
All players had DSST testing performed at both preseason
and after their injury (n 5 88). In 29 concussive injuries,
players were assessed twice and 3 required a third follow-up test. For the TMT-B, 8 players did not complete
the test at baseline; therefore, postinjury TMT-B results
were only included for 80 concussive injuries. Twenty-two
of these injuries had TMT-B repeated twice and 3 underwent a third follow-up test. CogSport test results were
available in 56 of the 88 concussive injuries recorded during the study period. Of these, 21 underwent a second postinjury assessment, and 3 cases required a third postinjury
assessment. The subset of players who underwent computerized cognitive testing did not differ from the overall
group with respect to age, level of play (elite versus
community-level), history of concussion, clinical presentation, cognitive deficits, and time to recovery.
The results of the cognitive tests stratified according to
the clinical state of the athlete at the time of testing are
summarized in Tables 2 and 3. For the DSST and TMTB, 17.5% of the tests performed while the concussed player
was still symptomatic revealed a significant decline from
baseline. When players were tested after symptoms had
recovered, significant decline from baseline was observed
in 4.2% of the tests. On the computerized measures,
70.8% of players with concussive injuries revealed significant decline from baseline in 1 or more of the domains
when tested while symptomatic, with greatest decline on
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TABLE 3
Summary of Individual Postconcussion RCIs for CogSport Test Battery Stratified According to Clinical State of the Playera

Symptomatic
Number of tests
Mean RCI (95%
confidence interval)
Number (%) of
individual tests
with significant deficits
Overall number (%) with 1
significant deficit
in test battery
Asymptomatic
Number of tests
Mean RCI (95%
confidence interval)
Number (%) of
individual tests
with significant deficits
Overall number (%) with 1
significant deficit
in test battery

Simple
Reaction
Time

Choice
Reaction
Time

Monitoring

2.14 (1.14, 3.13)

1.04 (0.25, 1.84)

24
0.93 (0.46, 1.40)

0.79 (0.13, 1.44)

0.91 (0.44, 1.37)

9 (37.5%)

7 (29.2%)

6 (25.0%)

8 (33.3%)

13 (54.1%)

Memory

Learning

17 (70.8%)

0.49 (0.05, 0.92)
11 (19.6%)

0.36 (0.06, 0.65)
5 (9.3%)

56
0.41 (0.12, 0.70)
6 (11.1%)

0.10 (20.26, 0.46)
3 (5.6%)

0.01 (20.28, 0.31)
3 (5.6%)

20 (35.7%)

a
RCI, reliable change index. Performance deficit is reflected by an increase in log mean reaction times for each of the test components; RCI
.1.65 considered significant.

the simple reaction test (mean RCI, 2.14). However, even
after symptoms had recovered, significant decline from
baseline on 1 or more of the domains assessed persisted
in 35.7% of concussive injuries, with the largest decline
detected for psychomotor and attentional tasks (eg, simple
reaction time, monitoring, and choice reaction time).

Assessment of Recovery
Of the 88 concussive injuries, return-to-sport data were
unavailable for 6 players. Of these, 4 were concussed at
the end of the season and did not return to full training or
play until the following season; 1 had an associated cervical
spine injury, which prevented his return to training; and
the other retired because of persistent headache. For the
remaining 82 concussive injuries, the mean time taken to
return to full training or sport was 4.8 days (95% confidence
interval, 4.3-5.3 days). There was no significant difference
in mean time to return to sport for concussive injuries
sustained in elite senior, elite junior, and community-level
competitions.
Recovery of symptoms, recovery of cognitive deficits,
and timing of return to play after concussive injury are
summarized in Figure 1. This figure illustrates the percentage of players with concussive injuries who had (1)
recovered their symptoms, (2) recovered their cognitive
function (on both paper-and-pencil and computerized tests
batteries), and (3) had returned to sport, plotted against
days from injury. Although the majority of players had
returned to play within 7 days of injury, 17.9% of players
still displayed significant cognitive decline from baseline

on the computerized test battery at this time. Furthermore, while symptoms and deficits on paper-and-pencil
tests appear to recover concomitantly, recovery of cognitive
deficits observed on the computerized test battery typically
lagged behind symptom recovery by 2 to 3 days.
The association between the clinical features (ie, selfreported symptoms, loss of consciousness, presence of significant cognitive deficit [RCI \21.65], and self-reported
concussion history), and time to return to sport was investigated using a Cox proportional hazard model. The results
are summarized in the Appendix (see online Appendix for
this article at http://ajs.sagepub.com/supplemental/) and
demonstrate that prolonged headache (60 hours); symptoms of fatigue, tiredness, or ‘‘fogginess;’’ or the presence
of greater than 3 symptoms at initial presentation are
associated with an increased time to return to play after
concussive injury. Conversely, headache lasting less than
24 hours was the only factor associated with a shorter
time to return to sport. Furthermore, there was no significant association between loss of consciousness, the presence of cognitive deficits, or self-reported history of
concussion and prolonged time to return to play.

DISCUSSION
This prospective cohort study investigated the pattern of
symptom and cognitive recovery after concussion in Australian football, and identified clinical features that may be associated with higher grades of concussion severity. The results
demonstrated that concussed players typically presented
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Figure 1. Summary of recovery of symptoms, cognitive deficits, and timing of return to play after concussive injury (n 5
88). *At day 7 postinjury, when symptoms and cognitive deficits on paper-and-pencil tests had largely resolved, 17.9%
of players still displayed significant cognitive decline on the
computerized test battery.

with less than 4 symptoms that lasted on average approximately 48 hours. However, in approximately 18% of cases,
postconcussive symptoms or cognitive deficits persisted longer than 7 days. The computerized test battery detected cognitive deficits in a greater proportion of concussed players
than the paper-and-pencil tests, regardless of the time tested.
Furthermore, cognitive deficits resolved independently of
symptoms, with the computerized test battery deficits typically outlasting symptoms by an average of 2 to 3 days. Clinical features of concussion in sport that were associated with
prolonged time to return to sport included a higher symptom
burden at the time of initial presentation (ie, 4 or more symptoms), headache of greater than 60 hours’ duration, and selfreport of fatigue or ‘‘fogginess’’ after injury.
In the clinical setting, decisions regarding return to play
after concussion in sport remain a challenge. Current expert
consensus guidelines recommend an individual approach to
management of concussed athletes based on clinical assessment of recovery after injury.2,33,34 Although there is no direct
objective measure of brain function, a multifaceted approach
is recommended with a focus on assessment of clinical features (eg, symptoms, balance function) and cognitive performance.2,33,34 The results of the current study confirm the
importance of clinical monitoring for resolution of symptoms,2,33 but also extend prior studies by identifying specific
symptoms associated with delayed return to sport. These
included prolonged headache (60 hours) or the presence of
fatigue, tiredness, or ‘‘fogginess.’’ In addition, more than 4
symptoms at first assessment were associated with delayed
return to sport, suggesting that a broad symptom evaluation
is likely to be helpful.
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However, absence or resolution of symptoms is not necessarily indicative of complete recovery. Although the current study demonstrated that cognitive deficits were most
pronounced if players were assessed while still symptomatic, significant cognitive deficits remained in approximately
35% of concussive injuries when players were tested on the
computerized test battery after symptoms had resolved.
These results are consistent with other studies16,39 and
suggest that symptoms and cognitive deficits recover at different rates, with cognitive functions recovering more
slowly. This supports current expert consensus guidelines
that recommend clinical assessment of multiple dimensions in making decisions about recovery and return to
play after concussion in sport.2,33,34
The results also demonstrated impairment in a greater
proportion of concussed players, both symptomatic and
asymptomatic, with the computerized tests compared
with the DSST and TMT-B assessments. There was also
continued impairment on the computerized test battery
despite resolution of DSST and TMT-B impairment, consistent with recent findings in concussed collegiate athletes.5
Improved sensitivity of computerized tests likely relates in
part to psychometric properties that standardize administration and minimize serial practice effects that may
obscure subtle concussion-related decline.27 Whether
potentially even more sensitive techniques (eg, imaging
or electrophysiologic studies)4 will demonstrate even
more subtle persisting impairments is yet to be determined, as is the correlation of these with postulated complications of accumulated injuries.
Although the majority of concussed players had recovered
within 7 days, 17% still had ongoing symptoms or cognitive
deficits. These results suggest that mandatory restriction
periods (eg, 3 weeks) are likely to be excessively conservative
in the majority of cases of concussion in sport, but also inadequate in the few cases that demonstrate delayed recovery.
Ultimately, an individualization of monitoring provides the
best approach for return-to-sport decisions.
The strength of the current study relates to the use of
a large-scale prospective cohort design in a sport such as
Australian football. The advantage of this setting is that
concussive injuries are common31 and that experienced
team doctors have a consistent approach to management
because of ongoing research and education programs.
Moreover, strategies used by team doctors in Australian
football reflect current consensus management guidelines
for concussion in sport,2,33,34 and have previously been
demonstrated to result in safe and appropriate return to
play after concussion in this sport.31
There are a number of limitations of the current observational study. First, medical decisions regarding return to
sport were based on the judgment of team doctors on an
individual basis. Guidelines at the time stressed resolution
of symptoms prior to graded return to training or play.2,33
Hence, it is not surprising that symptoms were correlated
with return-to-play decisions. In addition, it is also likely
that if available, computerized test results might influence
clinical decisions and would have prolonged return to sport
in those with more severe symptoms. Second, the study
cohort consisted of young, male Australian footballers, and
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the results may not be generalizable to other demographic
or sporting groups. However, the presentation of clinical
features and time to recovery was consistent with prospective studies performed in other groups of athletes,20,37
suggesting that the cases in the current study are representative. Third, this study only used the DSST and TMT-B as
representative paper-and-pencil tests because this was
common practice in professional Australian football at the
time. It is likely that more extensive paper-and-pencil test
batteries36 may allow greater detection of impairment in
this setting; however, this remains to be demonstrated.

CONCLUSION
The current study uses a prospective design in a large
cohort of Australian footballers to investigate the recovery
of clinical features of concussion in sport and to investigate
the relationship between clinical features and time to return
to sport. The results suggest that sole reliance on symptom
reports is unreliable in determining persistence of impairment, as recovery of symptoms can precede cognitive recovery on computerized testing. In addition, computerized
testing appears more sensitive to persisting impairment
than the DSST and TMT-B tests. The results of this study
confirm that in the absence of direct objective measures of
brain function, an individualized approach based on assessment of multiple clinical domains should be used to guide
decisions regarding return to play following concussion in
sport. Clinical features that suggest a more severe injury
include a higher symptom burden, prolonged headache,
and the presence of fatigue or ‘‘fogginess’’ following injury.
These features should be actively sought in any athlete presenting after a concussive injury.

ACKNOWLEDGMENT
The authors thank Dr Alex Collie for his assistance in data collection. We also thank the members of the Australian Football
League Medical Officers Association for their enthusiastic
support of the project. We are also grateful to the medical staff,
support staff, and players at Adelaide, Brisbane, Carlton, Collingwood, East Burwood, Eastern Ranges, Essendon, Geelong, Hawthorn, Kangaroos, Melbourne, Northern Knights,
Port Adelaide, Richmond, St Kilda, Sydney Swans, West
Coast Eagles, Western Bulldogs, and Western Jets football
clubs for their participation in the study.

REFERENCES
1. Army Individual Test Battery: Manual of Directions and Scoring.
Washington DC: War Department, Adjutant General’s Office; 1944.
2. Aubry M, Cantu R, Dvorak J, et al. Summary and agreement statement of the 1st International Symposium on Concussion in Sport,
Vienna 2001. Clin J Sport Med. 2002;12:6-11.
3. Barth JT, Alves WM, Ryan TV, et al. Mild head injury in sports: neuropsychological sequelae and recovery of function. In: Levin HS, Eisenberg HM, Benton AL, eds. Mild Head Injury. New York: Oxford
University Press; 1989:257-275.

4. Bigler ED. Neuropsychology and clinical neuroscience of persistent
post-concussive syndrome. J Int Neuropsychol Soc. 2008;14:1-22.
5. Broglio SP, Macciocchi SN, Ferrara MS. Sensitivity of the concussion
assessment battery. Neurosurgery. 2007;60:1050-1058.
6. Collie A, Makdissi M, Maruff P, Bennell K, McCrory P. Cognition in the
days following concussion: comparison of symptomatic versus asymptomatic athletes. J Neurol Neurosurg Psychiatry. 2006;77:241-245.
7. Collie A, Maruff P, Darby DG, McStephen M. The effects of practice
on the cognitive test performance of neurologically normal individuals
assessed at brief test-retest intervals. J Int Neuropsychol Soc.
2003;9:419-428.
8. Collie A, Maruff P, Makdissi M, McCrory P, McStephen M, Darby D.
CogSport: reliability and correlation with conventional cognitive tests
used in postconcussion medical evaluations. Clin J Sport Med.
2003;13:28-32.
9. Collie A, Maruff P, Makdissi M, McStephen M, Darby DG, McCrory P.
Statistical procedures for determining the extent of cognitive change
following concussion. Br J Sports Med. 2004;38:273-278.
10. Collie A, Maruff P, McStephen M, Darby DG. Psychometric issues
associated with computerised neuropsychological assessment of
concussed athletes. Br J Sports Med. 2003;37:556-559.
11. 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;31:168-173.
12. Collins MW, Lovell MR, Iverson GL, Cantu RC, Maroon JC, Field M.
Cumulative effects of concussion in high school athletes. Neurosurgery. 2002;51:1175-1179.
13. Congress of Neurological Surgeons. Committee on Head Injury Nomenclature: glossary of head injury. Clin Neurosurg. 1966;12:386-394.
14. Echemendia RJ, Putukian M, Mackin RS, Julian L, Shoss N. Neuropsychological test performance prior to and following sports-related
mild traumatic brain injury. Clin J Sport Med. 2001;11:23-31.
15. Erlanger D, Kaushik T, Cantu R, et al. Symptom-based assessment
of the severity of a concussion. J Neurosurg. 2003;98:477-484.
16. Fazio VC, Lovell MR, Pardini JE, Collins MW. The relation between
post concussion symptoms and neurocognitive performance in concussed athletes. NeuroRehabilitation. 2007;22:207-216.
17. Gronwall D, Wrightson P. Duration of post-traumatic amnesia after
mild head injury. J Clin Neurophysiol. 1980;2:51-60.
18. Guskiewicz KM, Marshall SW, Bailes J, et al. Recurrent concussion
and risk of depression in retired professional football players. Med
Sci Sports Exerc. 2007;39:903-909.
19. Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulative effects
associated with recurrent concussion in collegiate football players:
the NCAA Concussion Study. JAMA. 2003;290:2549-2555.
20. Guskiewicz KM, Weaver NL, Padua DA, Garrett WE Jr. Epidemiology
of concussion in collegiate and high school football players. Am J
Sports Med. 2000;28:643-650.
21. Hinton-Bayre AD, Geffen GM, Geffen LB, McFarland KA, Friis P.
Concussion in contact sports: reliable change indices of impairment
and recovery. J Clin Exp Neuropsychol. 1999;21:70-86.
22. Jordan BD. Chronic traumatic brain injury associated with boxing.
Semin Neurol. 2000;20:179-185.
23. Koh JO, Cassidy JD, Watkinson EJ. Incidence of concussion in contact sports: a systematic review of the evidence. Brain Inj. 2003;17:
901-917.
24. Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and
impact of traumatic brain injury: a brief overview. J Head Trauma
Rehabil. 2006;21:375-378.
25. Leclerc S, Lassonde M, Delaney JS, Lacroix VJ, Johnston KM. Recommendations for grading of concussion in athletes. Sports Med.
2001;31:629-636.
26. Lovell MR, Collins MW, Iverson GL, et al. Recovery from mild concussion in high school athletes. J Neurosurg. 2003;98:296-301.
27. Macciocchi SN, Barth JT, Alves W, Rimel RW, Jane JA. Neuropsychological functioning and recovery after mild head injury in collegiate athletes. Neurosurgery. 1996;39:510-514.
28. Maddocks D, Dicker G. An objective measure of recovery from concussion in Australian rules footballers. Sport Health. 1989;7:6-7.

Downloaded from ajs.sagepub.com at The University of Melbourne Libraries on May 29, 2012

Vol. 38, No. 3, 2010

Natural History of Concussion in Sport

29. Maddocks D, Saling M. Neuropsychological deficits following concussion. Brain Inj. 1996;10:99-103.
30. Maddocks DL, Dicker GD, Saling MM. The assessment of orientation
following concussion in athletes. Clin J Sport Med. 1995;5:32-35.
31. Makdissi M, McCrory P, Ugoni A, Darby D, Brukner P. A prospective
study of postconcussive outcomes after return to play in Australian
football. Am J Sports Med. 2009;37:877-883.
32. 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;290:2556-2563.
33. McCrory P, Johnston K, Meeuwisse W, et al. Summary and agreement statement of the 2nd International Conference on Concussion
in Sport, Prague 2004. Br J Sports Med. 2005;39:196-204.
34. McCrory P, Meeuwisse W, Johnston K, et al. Consensus statement
on concussion in sport: the 3rd International Conference on Concussion in Sport held in Zurich, November 2008. Br J Sports Med.
2009;43(Suppl 1):i76-i90.

471

35. McCrory PR, Ariens T, Berkovic SF. The nature and duration of acute
concussive symptoms in Australian football. Clin J Sport Med.
2000;10:235-238.
36. Pellman EJ, Lovell MR, Viano DC, Casson IR, Tucker AM. Concussion in professional football: neuropsychological testing-part 6. Neurosurgery. 2004;55:1290-1305.
37. Pellman EJ, Powell JW, Viano DC, et al. Concussion in professional
football: epidemiological features of game injuries and review of the
literature—part 3. Neurosurgery. 2004;54:81-94.
38. Peterson CL, Ferrara MS, Mrazik M, Piland S, Elliott R. Evaluation of
neuropsychological domain scores and postural stability following
cerebral concussion in sports. Clin J Sport Med. 2003;13:230-237.
39. Van Kampen DA, Lovell MR, Pardini JE, Collins MW, Fu FH. The ‘‘value added’’ of neurocognitive testing after sports-related concussion.
Am J Sports Med. 2006;34:1630-1635.
40. Weschler D. Weschler Adult Intelligence Scale—Revised: Manual.
New York: Psychological Corporation;1981.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav

Downloaded from ajs.sagepub.com at The University of Melbourne Libraries on May 29, 2012

