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ABSTRACT
Background One of the key difﬁculties while
managing concussion in sport is that there are few
prognostic factors to reliably predict clinical outcome.
The aims of the current paper are to review the evidence
for concussion modiﬁers and to consider how the
evaluation and management of concussion may differ in
speciﬁc groups.
Methods A qualitative review of the literature on
concussion was conducted with a focus on prognostic
factors and speciﬁc groups including children, female
athletes and elite versus non-elite players. PubMed,
MEDLINE and SportsDiscus databases were reviewed.
Results The literature demonstrates that number and
severity of symptoms and previous concussions are
associated with prolonged recovery and/or increased risk
of complications. Brief loss of consciousness (LOC) and/
or impact seizures do not reliably predict outcomes
following a concussion, although a cautious approach
should be adopted in an athlete with prolonged LOC or
impact seizures (ie, >1 min). Children generally take
longer to recover from concussions and assessment
batteries have yet to be validated in the younger age
group. Currently, there are insufﬁcient data on the
inﬂuence of genetics and gender on outcomes following
a concussion.
Conclusions Several modiﬁers are associated with
prolonged recovery or increased risk of complications
following a concussion and have important implications
for management. Children with concussion should be
managed conservatively, with an emphasis on return to
learn as well as return to sport. In cases of concussions
managed with limited resources (eg, non-elite players),
a conservative approach should also be taken. There
should be an emphasis on concussion education in all
sports and at all levels, particularly in junior and
community-based competitions.

INTRODUCTION

To cite: Makdissi M,
Davis G, Jordan B, et al. Br J
Sports Med 2013;47:
314–320.

Concussion in sport reﬂects a disturbance of brain
function and is characterised by a set of clinical
features that typically come on rapidly and resolve
spontaneously over a sequential course.1–3 While
the time course of recovery is variable, evidence
suggests that the majority of concussed athletes
recover clinically within 10 days of injury.1–3
Concussion, however, is not a benign injury.
A small percentage of athletes suffer complications
such as persistent symptoms and in rare instances
of concussion in children and adolescents, malignant cerebral oedema may result.1–3 Furthermore,
there is growing concern regarding an association
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between repeated head trauma and long-term risk
of depression and/or dementia.4–7
One of the key difﬁculties for the clinician is the
absence of prognostic factors to help predict outcomes following a concussion.1–3 At the Third
International Conference on Concussion in Sport,
a number of clinical features or ‘modiﬁers’ were
identiﬁed as being associated with an increased risk
of prolonged recovery or complications following a
concussion (table 1).3 8 Other factors, such as
female gender and genetics were considered;
however, it was decided that there was insufﬁcient
evidence for their inclusion as modiﬁers.3
The objectives of the current report are to review
the evidence for concussion modiﬁers, and to consider how the evaluation and management of concussion may differ in speciﬁc groups ( particularly
children and adolescents, male vs female athletes
and elite vs non-elite athletes).

METHODS
Searches of MEDLINE (ISI Web of Science,
PubMed) and SportDiscus databases were undertaken using keywords ‘concussion’, ‘mild traumatic
brain injury’, ‘head injury’, ‘sport’ or ‘athlete/
athletic’.
These were combined with the following key
words to identify the literature for speciﬁc modiﬁers
as well as key aspects of investigation and management: ‘clinical features’, ‘symptoms’, ‘post-concussion
syndrome’, ‘balance’, ‘postural control’, ‘cognition’,
‘cognitive deﬁcit’, ‘persistent’, ‘neuropsychological’,
‘neurocognitive’, ‘prognostic factors’, ‘recurrence’,
‘cumulative effect’, ‘injury severity’, ‘genetic’, ‘child’,
‘children’, ‘pediatric’, ‘elite’, ‘non-elite’, ‘professional’,
‘recreational’ and ‘epidemiology’.
The search was limited to English language and
focused on original papers published in the past
10 years. Articles on moderate to severe traumatic
brain injury (TBI) were excluded. Reference lists
from retrieved articles were searched for additional
articles, and the authors’ own collections of articles
were included in the search strategy.

RESULTS
Clinical features
Symptoms
There is consistent evidence of a relationship
between the number and severity of symptoms
reported following a concussion and the overall
severity of injury. Studies have used different populations (including Australian football players,9 10
professional American football players11 and US
1 of 9
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Table 1 Concussion modifiers3
Factor

Modifier

Symptoms

Number
Duration (>10 days)
Severity
Prolonged loss of consciousness (>1 min), amnesia
Concussive convulsions
Frequency—repeated concussions over time
Timing—injuries close together in time
‘Recency’—recent concussion or traumatic brain injury
Repeated concussions occurring with progressively less impact or slower recovery
after each successive concussion
Child and adolescent (<18 years old)
Migraine, depression or other mental health disorders, attention deficit hyperactivity disorder,
learning disabilities, sleep disorders
Psychoactive drugs, anticoagulants
Dangerous style of play
High-risk activity, contact and collision sport, high sporting level

Signs
Sequelae
Temporal

Threshold
Age
Comorbidities and premorbidities
Medication
Behaviour
Sport

high school and collegiate athletes12–14), different measures of
injury severity (including return to play on the day of injury9
and time to clinical recovery10 12 13) or stratiﬁed populations
based on time-course of clinical recovery and compared their
initial presentation.11 14 The consistent ﬁnding is that the higher
the number and severity of symptoms at the time of injury, the
higher the severity of concussion. In addition, athletes reporting
four or more symptoms appear to be more likely to have a prolonged recovery.
Other clinical features that have been associated with prolonged recovery include amnesia,11 15–17 prolonged headache,10 16–18 fatigue or fogginess,10 11 17 19 self-reported
cognitive or memory problems11 13 20 and dizziness at the time
of injury.21
Overall, research suggests that the nature, burden and duration of symptoms should be retained as concussion modiﬁers.

Loss of consciousness
Traditionally, LOC was a clinical marker for higher injury severity in TBI.22 Prospective cohort studies on concussion in sport,
however, have consistently demonstrated that brief LOC does
not reﬂect injury severity or predict time to clinical recovery.10 15 21 23 One study however demonstrated that concussed
players with prolonged LOC (>1 min) were more likely to miss
7 or more days of sport.11 No other studies have been published
on prolonged LOC.
The literature does not support the inclusion of brief LOC as
a concussion modiﬁer. Caution should be used in cases of concussion with prolonged LOC; however, further research is still
required.

Impact seizures
In a large-scale retrospective series in Australian football, impact
seizures were demonstrated to be benign with no adverse clinical, cognitive or neuroimaging outcomes observed either at the
time of injury or long-term follow-up.24 No new studies have
been published on outcome following impact seizures since that
time.
The literature does not support the inclusion of impact seizures as a concussion modiﬁer. In athletes with prolonged seizures (ie, >1 min); however, other causes (eg, structural head
injury or underlying seizure disorders) should be considered.
2 of 9

Biomechanics of injury
There has been increasing use of helmet and/or mouthguardbased accelerometer systems to measure the direction and force
of head impacts. The studies have not shown any association
between number of head impacts and risk of concussion,25 nor
has there been an association demonstrated between the magnitude of the impacts and probability or severity of concussion.26
Currently, there is little evidence to support the use of telemetry systems in routine clinical practice beyond their role as a
research tool.

Concussion history
Concussion history and malignant cerebral oedema
Malignant cerebral oedema following head injury is a rare but
well-recognised condition.27 It is more common in children
than in adults and typically has a poor outcome.27 Although the
condition ( previously called ‘second impact syndrome’) has
been linked to recurrent head trauma, the scientiﬁc evidence to
support this concept is limited.28

Concussion history and risk of acute concussion
A number of studies have consistently demonstrated that a previous concussion is a risk factor for future concussion.29–33
While it has been proposed that a previous head trauma
reduces the threshold for future concussions, there is little evidence to support this concept. In one study, the majority of
repeat concussions were observed within 10 days of an initial
injury, suggesting a possible ‘window of vulnerability’ for
further concussion.31 This ﬁnding has not been replicated in
other prospective cohort studies, with no obvious pattern
demonstrated in the incidence or timing of repeat concussions.10 34 Furthermore, in a head impact telemetry study of 95
high school football players, neither the volume nor the intensity of subconcussive head impacts was found to inﬂuence the
threshold for concussion.35 Style of play may be an important
confounding variable, where by tackling technique and illegal
tackles may be important risk factors for head injury.32

Concussion history and timing of recovery following a concussion
A number of prospective studies have assessed the relationship
between concussion history and delayed recovery (summarised
in table 2).
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Table 2 Relationship between concussion history and delayed recovery
Paper
Guskiewicz et al

Subject characteristics
31

Slobounov et al103

Echlin et al34

Benson et al17

Castile et al12

Concussion
reporting

Outcome measures

Findings/results
Slowed recovery was associated with a history of previous
concussions (30% of athletes reporting 3 or more previous
concussions had symptoms lasting >1 week, compared with
14.6% of those reporting 1 previous concussion)
All athletes were clinically asymptomatic at day 10 and
allowed to return to competition. Balance deficits were
present for at least 30 days after injury. Rate of recovery of
balance function was significantly slower after a second injury
Minimal difference in return to play times between those who
reported no previous concussions (8 players, mean 11.5
±7.6 days to return to play) and 1 or 2 previous concussions
(6 players 10.7±2.94 days). Two players who reported 3 or
more previous concussions had delayed recovery
On average, time loss (in days) increased 2.25× (95% CI 1.41
to 3.62) for every subsequent concussion

US College football athletes
followed over 3 seasons (196
concussions were reported in 184
players, 12 repeat concussions)
Male and female collegiate rugby
players (38 players with no history
of concussion, 9 with a repeat
injury)
Male fourth tier ice hockey players
followed over 1 season (17
concussions, 5 of which suffered
repeat concussion)

Prospective and
retrospective

Graded symptom
checklist, health
questionnaire

Prospective

Symptoms, NP testing,
computerised balance
measures (using a virtual
reality system)
SCAT2 and computerised
NP test battery

Professional ice hockey players
followed over 7 seasons (559
concussions)
US high school students (data on
2417 concussions obtained from an
injury surveillance database entered
by certified athletic trainers)

Prospective

Prospective and
retrospective

Prospective

Symptom checklist and
time loss from sport
postinjury
Symptoms and time to
return to play

Symptoms took 1 week to 1 month to resolve in 20.9% of
recurrent concussions compared with 13.8% of new
concussions (p=0.012). Similarly, symptoms in 6.5% of
recurrent concussion took >1 month to resolve, compared to
0.6% of new concussions (p<0.001)
A greater proportion of athletes sustaining a recurrent
concussion returned to play in >3 weeks (7.5%) or were
medically disqualified (16.2%) than athletes sustaining a new
concussion (3.8% and 2.9%)

NP, neuropsychological; SCAT2, Sport Concussion Assessment Tool 2.

In general, athletes with a previous history of concussion are
more likely to present with a longer duration of symptoms and
are withdrawn from competition for longer following their
injury. There is limited evidence to suggest that the timing or
‘recency’ of injury makes any difference to timeframe of recovery following a concussion.36 There is also limited evidence to
suggest longer timeframes of recovery for each subsequent
concussion.17

Concussion history and long-term deﬁcits
Many of the early studies on long-term deﬁcits following a concussion were cross-sectional in design and used performance on
cognitive testing to estimate impairment. Major limitations
included a reliance on retrospective recall of concussion history,
which is known to be inaccurate and unreliable,37 38 and failure
to account for important variables that can impact cognitive performance, such as age, education, alcohol use and other socioeconomic factors.39 Not surprisingly, the results of these studies
were conﬂicting regarding the effect of repetitive head injury on
brain function, with some studies demonstrating impaired cognitive performance in athletes reporting a history of two or more
concussive injuries,40 and others failing to demonstrate any signiﬁcant effects of self-reported concussion history on cognitive
performance.41
Higher-quality studies using prospective designs and/or medically veriﬁed concussions have been published in recent years.
These are summarised in table 3.
The relationship between repeated head trauma and longterm deﬁcits remains unclear. More sophisticated investigations
such as EEG, functional MRI (fMRI) and balance assessments
demonstrate persistent changes in some individuals after concussion. At present, the clinical signiﬁcance of these changes
remains unclear. Nevertheless, in the clinical setting it is
prudent to adopt a conservative approach in the management of

athletes involved in sports with a high risk of recurrent head
trauma or those who present with recurrent concussions.

Genetics
Preliminary studies suggest an association between Apolipoprotein
epsilon (APOE) genotype and the chronic effects of concussion on
brain function. Jordan et al42 demonstrated greater neurological
impairment secondary to boxing among high-exposure athletes
(≥12 bouts) who possessed the APOE4 allele compared to high
exposure athletes without the allele and low-exposure boxers
regardless of genotype. Similarly, Kutner et al43 demonstrated that
professional American football players with at least one copy of the
APOE4 allele scored lower on tests of attention and information
processing speed and accuracy. In a neuropathological study of athletes with Chronic Traumatic Encephalopathy (CTE), an increased
frequency of the APOE4 allele was noted among 10 cases of pathologically conﬁrmed CTE.6 Recently, a large case series did not ﬁnd
a deﬁnite relationship between APOE genotype and lesser grades
of CTE; however, a higher incidence of APOE4 genotype was
noted in higher grades.44
While there may be a relationship between APOE genotype
and chronic changes following concussion, the role of APOE in
acute concussion is less clear. A prospective cohort study of collegiate athletes failed to demonstrate an association between
APOE genotype and risk of concussion.45 Conversely, other
studies have demonstrated an association between APOE promoter genotypes and history of self-reported concussion.46 47 In
one study carriers of all three rare (or minor) alleles were 10
times more likely to report a previous concussion.47
A large multicentre prospective cohort study of 3218 collegiate or high school athletes failed to demonstrate an association
between acute concussion risk and APOE and APOE promoter
polymorphisms.48 However, in a subset of 131 concussed
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Table 3

Studies assessing risk of prolonged deficits following head trauma
Study type

Subject characteristics

A. Concussion and prolonged deficits
Chen et al104 Prospective cohort 9 Concussions, 6 healthy controls

Outcome measures

Findings/results

Persistent symptoms
following concussion

Symptom reporting and fMRI (working
memory task)

Significantly reduced task-related BOLD changes in the prefrontal
cortex in athletes with prolonged symptoms following concussion.
Activation patterns improved as symptoms improved
Self-reported symptoms recovered within 3–15 days
Significant differences between concussed and control groups were
observed in metabolite ratios at day 3 postinjury. Metabolite
changes gradually recovered to control levels within 30 days of injury
Significant increase in MD in concussed compared to controls.
Similar results were observed in the moderate but not severe TBI
patients when compared to controls
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Vagnozzi
et al105

Prospective
(multicentre)
cohort

40 Concussions (assessed at day 3, 15, 22
and 30 days postinjury), 30 healthy controls

Recent concussion
Age 16–35

Cubon
et al106

Cross-sectional

Persistent symptoms 1 month
postinjury

Gosselin
et al107

Cross-sectional

10 Collegiate students with prolonged
symptoms (9 injured during sport 1 injured in
a fall), 10 healthy controls, 5
moderate-to-severe TBI patients
14 Patients with mild TBI (injuries sustained in
recreational activity, work and motor vehicle
accidents), 23 controls

Symptom reporting and MRS
Used single voxel (ROI: right frontal lobe),
and chemical shift techniques to analyse
data
DTI (MD and FA analysed using tract-based
spatial statistics)

Persistent symptoms, mild
TBI, (recruited from 2 tertiary
trauma centres)

Postconcussion symptom scale, Beck
depression inventory, ERP, fMRI (working
memory task)

Henry
et al108

Prospective cohort

Recent concussion

Symptom reporting and MRS (ROI:
prefrontal and primary motor cortex)

Slobounov
et al109

Cross-sectional

College athletes
10 concussions (scanned at 5 days and
6 months post injury)
10 controls (scanned at time 0 and
18 months)
College athletes
17 concussions (scanned day 10 postinjury)
17 controls

Recent concussion, clinically
recovered

Symptom checklist, NP testing, rsFMRI

Baillargeon
et al110

Cross-sectional

Concussion assessed
>6 months postinjury

Postconcussion symptom scale, NP tests,
EEG (visual 3-stimulus oddball paradigm)

Johnson
et al111

Cross-sectional

48 Concussions
48 Controls
(9–12 years (n=32), 13–16 years (n=34),
adults (n=30))
Collegiate athletes
14 Concussions
15 Controls
9 Additional concussions

Recent concussion, recovered
clinically

rsFMRI (measured the default mode
network)

Tallus
et al112

Cross-sectional

19 Individuals with mild TBI (No data
provided on the mechanism of mild TBI)—11
persistent symptoms, 8 clinically recovered), 9
healthy controls

Injury sustained 5 years
earlier, GCS 13–15 on
admission, normal MRI

Used navigated transcranial magnetic
stimulation and electromyography to
measure MT

1 Concussion, others suffered
between 26 and 399
subconcussive blows

DTI at baseline and postseason

B. Repeated head impact (subconcussive blows) and prolonged deficits
Prospective cohort 9 High school athletes, 6 controls
Bazarian
et al113

Attenuated BOLD signal changes were found in the mild TBI group
compared with the control group.
Symptom severity and BOLD signal changes were correlated (where
patients with more severe symptoms had lower BOLD signal
changes)
Mild TBI subjects also had reduced N350 amplitude for the working
memory task compared to controls
Neurometabolic differences between concussed and control were
observed in the acute phase (lower N-acetylaspartate : creatine levels
in the prefrontal cortex and lower glutamate :creatine levels in the
motor cortex) as well as the delayed phase (increase in the
myoinositol levels in the motor cortex)
All athletes had recovered clinically within 10 days
rsFMRI revealed disrupted functional network both at rest and in
response to a graded physical test (reduced interhemispheric
connectivity in the primary visual cortex, hippocampus and
dorsolateral prefrontal cortex)
Concussed athletes had lower P3b amplitudes than the control
athletes
Adolescent athletes showed persistent deficits in working memory
Significant default mode network connectivity differences were
observed between concussed and control groups
Regression analysis revealed a significant reduction in magnitude of
connection between various structures in the brain as a function of
the number of concussions
MT was higher in some (but not all) mild TBI subjects than in
controls. Changes were observed even in subjects who had recovered
their symptoms
Authors suggested that subtle prolonged changes may exist in some
patients following mTBI and that in a proportion of these patients
the changes may be ‘compensated’
Percentage of voxels with significant prepost FA or MD changes was
highest for the concussion subject, intermediary for those with
subconcussive head blows and lowest for controls
Continued
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No concussions in the
3 months before baseline
testing

High-level amateur boxers
(national or international
level) with a minimum of 45
bouts

46 Male collegiate football players

30 Boxers and 25 non-boxing controls

Prospective cohort

Prospective cohort

Gysland
et al115

Neselius
et al116

BESS, balance error scoring system; BOLD, blood oxygenation level-dependent; CSF, cerebrospinal fluid; DTI, Diffusion tensor imaging; ERP, event-related brain potential; FA, fractional anisotropy; fMRI, functional magnetic resonance imaging;
EEG, electroencephalogram; GCS, Glasgow Coma Score; GFAB, glial fibrillary acidic protein; MD, mean diffusivity; MRS, MR spectroscopy; MT, motor threshold; NFL, neurofilament light protein; NP, neuropsychological; ROI, regions of interest;
rsFMRI, resting state fMRI; SAC, Standardised assessment of concussion; SOT, Sensory organisation test (computerised test of balance function); T-Tau, total Tau.TBI, traumatic brain injury.

Increase in biomarkers for acute brain injury in the boxing group
(NFL, GFAB, T-Tau and SB-100) compared to controls. NFL and T-Tau
concentrations remained elevated even after a period of rest

Divided groups into concussed, not concussed and not concussed
but demonstrable cognitive or functional deficit. Found ‘substantial’
portion of the cohort without concussion demonstrated
neurophysiological changes on fMRIThere was also a relationship
between number of head impacts and changes on NP testing
Changes in symptoms, balance function or NP function were
independent of prior concussion history and total, number
magnitude and location of impacts over 1 season
Helmet telemetry system, computerised NP
testing, fMRI
All players monitored,
concussions diagnosed by
clinician
24 Male high school football players followed
in season 1, 28 players followed in season 2
(including 14 from previous season)
Prospective cohort
(2 seasons)
Breedlove
et al114

Computerised NP test battery, SAC, SOT,
BESS and graded symptom checklist,
self-reported concussion history and Head
impact telemetry
CSF samples collected by lumbar puncture
(1–6 days after a bout and after at least
14 days of rest)

Findings/results
Outcome measures
Inclusion criteria
Subject characteristics
Study type
Paper

Table 3

Continued

Review
athletes, an association between neuropsychological testing and
genetic polymorphisms was identiﬁed.48
Overall, more research is required to determine the genetic
risks of concussion and the role of speciﬁc genes in neurocognitive recovery in both acute and chronic TBI.

Age
It has been suggested that the impact force required to produce
a concussion is greater in children than adults. The poorly
developed cervical musculature, in combination with the
increased head to neck ratio in children, results in greater injury
to the child’s brain for the same impact force.49 50 Recovery
from concussion in children generally takes longer than that in
adults. This is evident in time taken for symptom resolution, as
well as neurocognitive recovery.51–54

Management considerations in children
Children differ from adults in a number of ways, including:
(1) physiological and cognitive development, (2) impact forces
and protective abilities, (3) physical and cognitive recovery,
(4) effects on school and learning and (5) potential for longterm sequelae (including malignant cerebral oedema).
Furthermore, concussion in children typically occurs in a community rather than in an elite setting, where resources and
expertise may be limited.

Assessment tools in children and adolescents
There are limited data on clinical assessment tools in children
and adolescents with concussion.
Many symptom scales have been developed for use in adults,
but few have been developed speciﬁcally for children.55 56 Some
symptom scales have been used in children to assist with the
diagnosis of concussion,57 while others have been tested as
markers of persistence of symptoms,58–62 or to monitor stages
of recovery.63
The Balance Error Scoring System has limited data in young
children. No validity studies have been published and reliability
studies in children aged between 9 and 14 years demonstrate a
signiﬁcant learning effect with repeated exposure, and variability in results between the different leg stances.64 65
The Standardised Assessment of Concussion (SAC),64–66 Acute
Concussion Evaluation67 and Sport Concussion Assessment Tool
2 (SCAT2) 68 69 have all been used, but none has been speciﬁcally
developed for the assessment of young children at the sideline,
nor have they been adequately evaluated for use in children.

Return to learn
Return to school should be a priority for children and adolescents following a concussion. Return to learn should precede
return to play.
There are no clear guidelines for return to school for youths
who have sustained a concussion, although this is an area of
increasing interest. A temporary absence from school after a
concussion may be necessary to allow symptoms to abate.70 71
Once symptoms have decreased and the child is able to complete more cognitive tasks without exacerbation of symptoms,
a gradual return to school is advocated.70–73 Speciﬁc accommodations, or modiﬁcations, to a patient’s academic schedule may
be required (eg, attending for only half-days or for only certain
classes). Accommodations should be individualised, depending
on the symptoms or difﬁculties that the youth is experiencing
(eg, frequent breaks in class and extra time for assignments for
those having trouble concentrating).72 73 As with many aspects
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of medicine, transitioning students recovering from a concussion
back to school is best achieved with a team approach.72 73

Return to play
It is recommended that return to play protocols be cautious and
individualised in paediatric athletes,3 70 71 74 as younger athletes
take longer to recover and have more signiﬁcant neurocognitive
effects following a concussion.52 53 75

Concussion awareness among sportspersons and medical
professionals

Gender differences
Data suggest that in sports that use the same rules, the reported
incidence of concussion is greater in females than their male
counterparts.76–80 In studies of high school and college sports,
women had signiﬁcantly higher concussion rates than men in
soccer and basketball,76 79 whereas concussion risks between
genders were not signiﬁcant in lacrosse, softball/baseball or gymnastics.79 In addition, there appear to be differences in how
women experience concussive symptoms as well as how long
symptoms persist compared with men.79–84
It is unclear why these gender differences occur. They may be
owing to reporting and selection bias, with women and/or
healthcare providers more likely to report injury. In addition,
female athletes have been shown to have decreased head–neck
segment mass compared with male athletes 85 and this may contribute to greater angular acceleration of the head after concussive impact as a mechanism for more severe injury. Oestrogen
and differential cerebral blood ﬂow may also play a role in inﬂuencing concussion severity and outcome.86 87 The data thus far
are inconclusive, and further study is needed to understand if
gender is a risk factor for concussion.88 In addition, other differences may exist in how females experience and respond to
concussion, in the deﬁcits that are seen with comprehensive
neurobehavioral assessments, and in the return-to-play
progression.81 83 84 89 90
Whether there are differences in the chronic responses to
concussive injury in women compared with men is unclear. One
study found slower reaction times, more symptoms, and lower
neurocognitive scores among female athletes compared with
male athletes.81 In another study involving 260 youth, high
school and collegiate athletes, chronic impairments were more
frequently reported in adult females but not in female minors.90
In a study of high school and collegiate athletes, women with a
history of 2–3 concussions performed better in the ImPACT test
battery than males with ≥2 concussions, with speciﬁc differences observed in visual memory, motor-processing speed and
reaction time.89 These limited studies are inconclusive, and
make it clear that additional research is needed.

Elite versus non-elite
In distinguishing elite versus non-elite athletes’ management, it
is more important to consider the level of care provided to the
athlete.91 In general, elite athletes have greater resources available to them, such as trained medical providers and the availability of neuropsychological and postural stability testing that
allow for a more multifaceted approach to management.91 In
the absence of resources to assess recovery following a concussion, the same basic concussion management principles should
apply, but a more conservative approach be adopted, no matter
what the level of the athlete.

Reducing the risk of concussion
Suggestions that tackling in youth collision sport be outlawed 92
are likely to be effective in decreasing concussion incidence but
will alter the fabric of collision sports too signiﬁcantly to allow
6 of 9

for widespread acceptance. More pragmatic law changes to collision sports may signiﬁcantly inﬂuence injury incidence at both
elite and non-elite levels. Examples include strict enforcement
of below-shoulder height tackling and forbidding tip or spear
tackles in rugby union,93 head-to-head and head-to-body contacts in American Football94–96 and body checking in youth ice
hockey.97

Evidence across a number of sports including rugby union,98 ice
hockey99 and soccer100 indicates that athletes’ understanding of
concussion is poor. Moreover, non-elite athletes may present to
emergency rooms and family practitioners who may not be as
well informed as sports physicians and neurologists regarding
the most appropriate assessment tools and management strategies for concussion.91 In addition, the SCAT2 has been
described as being incomplete for the serial ofﬁce assessment of
concussed athletes and better tools, which could be made available to a wider range of practitioners, have been proposed.101
An emphasis on efﬁcient dissemination and implementation
of concussion consensus protocols, within and beyond the elite
circle of sports care, would help address the issue of accessibility
to appropriate care for all.

SUMMARY AND CONCLUSIONS
In adults, the majority of concussions resolve clinically within
10 days of injury. The current study reviewed the literature
regarding clinical factors associated with prolonged recovery or
poor outcome.

Concussion modiﬁers—an update
The current literature supports the role of a number of clinical
factors as concussion modiﬁers. These include number and
severity of symptoms, previous concussions and younger age. It
is important to note that, while an association has been demonstrated between the modiﬁers and risk of poor outcome following concussion, in many cases (eg, recurrent head trauma) a
causal link has not been clearly established. Nevertheless, presence of any of these modiﬁers should alert the clinician to the
potential
for
prolonged
recovery and/or
long-term
complications.
Brief LOC and/or impact seizures cannot be relied upon
to predict the outcome following a concussion. In athletes
with prolonged LOC or impact seizures (ie, >1 min), a cautious
approach to management should be followed and structural
head injury or underlying seizure disorders should be
considered.
Currently, there are insufﬁcient data on the role of genetics
and gender on the outcome following concussion.

Age
Children generally take longer to recover from concussions and
therefore should be managed more conservatively.
The development of the child’s brain and the associated physical growth, especially between the ages 5 and 15 years,102
necessitate a specialised approach to concussion management.
Assessment tools need to be developed and validated for the
paediatric group. Such tools need to allow for cognitive and
physical development. Symptom scales must include language
that is understood by young children. The addition of parent or
teacher reports of symptoms can be integrated into recovery and
return-to-play decision-making. Cognitive tests must be developmentally appropriate, and demonstrate validated changes to
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concussion and recovery. Physical tasks such as balance testing,
must be reliably performed by normal children to demonstrate
impaired response in concussion, which can be corrected with
recovery.
Finally, unlike the adult concussion protocols that assume a
primary endpoint of return to play, the child protocol must
assume a primary endpoint of return to school. Management of
symptoms that impact on the child’s ability to learn in school
requires a cooperative approach between the child, parents, teachers and medical staff.
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Elite versus non-elite
In all athletes with concussion there should be an evidencebased ‘gold-standard’ of care as determined by international
consensus. In cases with limited resources, a more conservative
approach is warranted. Overall, there should be an emphasis on
education at all levels of competition, particularly in junior and
community-based competitions, where personnel with expertise
in concussion and resources for assessment and evaluation of
concussion may be limited.
Author afﬁliations
1
The Florey Institute of Neuroscience and Mental Health, Melbourne Brain Centre,
University of Melbourne, Heidelberg, Victoria, Australia
2
Centre for Health, Exercise and Sports Medicine, University of Melbourne,
Melbourne, Australia
3
Department of Neurosurgery, Cabrini Medical Centre, Malvern, Victoria, Australia
4
Murdoch Children’s Research Institute, Parkville, Victoria, Australia
5
Brain Injury Program, Burke Rehabilitation Hospital, White Plains, New York, USA
6
Sports Concussion South Africa, Johannesburg, South Africa
7
The Section of Sports Medicine, Faculty of Health Sciences, University of Pretoria,
Pretoria, South Africa
8
Department of Paediatrics, McMaster University, Hamilton, Ontario, Canada
9
Department of Athletic Medicine, Princeton University, University Health Services,
Princeton, New Jersey, USA
Contributors MM, GD, BJ, JP, LP and MP made substantial contributions to the
conception and design, acquisition and interpretation of data; drafting and revising
the article; and ﬁnal approval of the version to be published.
Competing interests See the supplementary online data for competing interests
(http://dx.doi.org/10.1136/bjsports-2013-092256).

17

18

19

20
21

22
23
24

25
26

27
28
29

Provenance and peer review Commissioned; internally peer reviewed.

30

REFERENCES

31

1

2

3

4

5

6

7

8
9
10

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.
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.
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:I76–84.
Guskiewicz KM, Marshall SW, Bailes J, et al. Association between recurrent
concussion and late-life cognitive impairment in retired professional football
players. Neurosurgery 2005;57:719–24.
Guskiewicz KM, Marshall SW, Bailes J, et al. Recurrent concussion and risk of
depression in retired professional football players. Med Sci Sports Exerc
2007;39:903–9.
McKee AC, Cantu RC, Nowinski CJ, et al. Chronic traumatic encephalopathy in
athletes: progressive tauopathy after repetitive head injury. J Neuropathol Exp
Neurol 2009;68:709–35.
McKee AC, Gavett BE, Stern RA, et al. TDP-43 proteinopathy and motor neuron
disease in chronic traumatic encephalopathy. J Neuropathol Exp Neurol
2010;69:918–29.
Makdissi M. Is the simple versus complex classiﬁcation of concussion a valid and
useful differentiation? Br J Sports Med 2009;43:I23–7.
McCrory PR, Ariens M, Berkovic SF. The nature and duration of acute concussive
symptoms in Australian football. Clin J Sport Med 2000;10:235–8.
Makdissi M, Darby D, Maruff P, et al. Natural history of concussion in sport
markers of severity and implications for management. Am J Sports Med
2010;38:464–71.

Makdissi M, et al. Br J Sports Med 2013;47:314–320. doi:10.1136/bjsports-2013-092256

32
33
34

35
36

37
38
39

40

41

Pellman EJ, Viano DC, Casson IR, et al. Concussion in professional football:
injuries involving 7 or more days out—part 5. Neurosurgery 2004;55:1100–16.
Castile L, Collins CL, McIlvain NM, et al. The epidemiology of new versus recurrent
sports concussions among high school athletes, 2005–2010. Br J Sports Med
2012;46:603–10.
Erlanger D, Kaushik T, Cantu R, et al. Symptom-based assessment of the severity
of a concussion. J Neurosurg 2003;98:477–84.
Iverson G. Predicting slow recovery from sport-related concussion: the new
simple-complex distinction. Clin J Sport Med 2007;17:31–7.
Collins MW, Iverson GL, Lovell MR, et al. On-ﬁeld predictors of neuropsychological
and symptom deﬁcit following sports-related concussion. Clin J Sport Med
2003;13:222–9.
Asplund CA, McKeag DB, Olsen CH. Sport-related concussion—factors associated
with prolonged return to play. Clin J Sport Med 2004;14:339–43.
Benson BW, Meeuwisse WH, Rizos J, et al. A prospective study of concussions
among National Hockey League players during regular season games: the
NHL-NHLPA Concussion Program. Can Med Assoc J 2011;183:905–11.
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;31:168–73.
Iverson GL, Gaetz M, Lovell MR, et al. Relation between subjective fogginess and
neuropsychological testing following concussion. J Int Neuropsychol Soc
2004;10:904–6.
Lau B, Lovell MR, Collins MW, et al. Neurocognitive and symptom predictors of
recovery in high school athletes. Clin J Sport Med 2009;19:216–21.
Lau BC, Kontos AP, Collins MW, et al. Which on-ﬁeld signs/symptoms predict
protracted recovery from sport-related concussion among high school football
players? Am J Sports Med 2011;39:2311–18.
Teasdale G, Jennett B. Assessment of coma and impaired consciousness.
A practical scale. Lancet 1974;2:81–4.
Lovell MR, Iverson GL, Collins MW, et al. Does loss of consciousness predict
neuropsychological decrements after concussion? Clin J Sport Med 1999;9:193–8.
McCrory PR, Bladin PF, Berkovic SF. Retrospective study of concussive convulsions
in elite Australian rules and rugby league footballers: phenomenology, aetiology,
and outcome. Br Med J 1997;314:171–4.
Broglio SP, Eckner JT, Martini D, et al. Cumulative head impact burden in high
school football. J Neurotrauma 2011;28:2069–78.
Guskiewicz KM, Mihalik JP, Shankar V, et al. Measurement of head impacts in
collegiate football players: relationship between head impact biomechanics and
acute clinical outcome after concussion. Neurosurgery 2007;61:1244–52.
Cantu RC, Voy R. 2nd-impact syndrome—a risk in any contact sport. Physician
Sportsmed 1995;23:27–34.
McCrory P, Davis G, Makdissi M. Second impact syndrome or cerebral swelling
after sporting head injury. Curr Sports Med Rep 2012;11:21–3.
Harris AW, Jones CA, Rowe BH, et al. A population-based study of sport and
recreation-related head injuries treated in a Canadian health region. J Sci Med
Sport 2012;15:298–304.
Guskiewicz KM, Weaver NL, Padua DA, et al. Epidemiology of concussion in
collegiate and high school football players. Am J Sports Med 2000;28:643–50.
Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulative effects associated with
recurrent concussion in collegiate football players—the NCAA Concussion Study.
JAMA 2003;290:2549–55.
Gerberich SG, Priest JD, Boen JR, et al. Concussion incidences and severity in
secondary school varsity football players. Am J Public Health 1983;73:1370–5.
Zemper ED. Two-year prospective study of relative risk of a second cerebral
concussion. Am J Phyl Med Rehabil 2003;82:653–9.
Echlin PS, Tator CH, Cusimano MD, et al. Return to play after an initial or
recurrent concussion in a prospective study of physician-observed junior ice hockey
concussions: implications for return to play after a concussion. Neurosurg Focus
2010;29:E5.
Eckner JT, Sabin M, Kutcher JS, et al. No evidence for a cumulative impact effect
on concussion injury threshold. J Neurotrauma 2011;28:2079–90.
Macciocchi SN, Barth JT, Littleﬁeld L, et al. Multiple concussions and
neuropsychological functioning in collegiate football players. J Athl Train
2001;36:303–6.
McCrory P, Johnston KM, Mohtadi NG, et al. Evidence-based review of
sport-related concussion: basic science. Clin J Sport Med 2001;11:160–5.
McCrea M, Hammeke T, Olsen G, et al. Unreported concussion in high school
football players—implications for prevention. Clin J Sport Med 2004;14:13–17.
Collie A, Maruff P, McStephen M, et al. Psychometric issues associated with
computerised neuropsychological assessment of concussed athletes. Br J Sports
Med 2003;37:556–9.
Collins MW, Grindel SH, Lovell MR, et al. Relationship between concussion and
neuropsychological performance in college football players. JAMA
1999;282:964–70.
Macciocchi SN, Barth JT, Littleﬁeld L, et al. Multiple concussions and
neuropsychological functioning in collegiate football players. J Athl Train
2001;36:303–6.

7 of 9

Downloaded from bjsm.bmj.com on March 16, 2013 - Published by group.bmj.com

Review
42
43

44
45

46

47
48

49

50
51
52

53

54
55

56

57

58

59

60
61

62

63

64

65

66
67
68

69

70

8 of 9

Jordan BD, Relkin NR, Ravdin LD, et al. Apolipoprotein E epsilon4 associated with
chronic traumatic brain injury in boxing. JAMA 1997;278:136–40.
Kutner KC, Erlanger DM, Tsai J, et al. Lower cognitive performance of older
football players possessing apolipoprotein E epsilon 4. Neurosurgery
2000;47:651–7.
McKee A, Stein TD, Nowinski C, et al. The spectrum of disease in chronic
truamatic encephalopathy. Brain 2013;136:43–64.
Kristman VL, Tator CH, Kreiger N, et al. Does the apolipoprotein epsilon 4 allele
predispose varsity athletes to concussion? A prospective cohort study. Clin J Sport
Med 2008;18:322–8.
Terrell TR, Bostick RM, Abramson R, et al. APOE, APOE promoter, and tau
genotypes and risk for concussion in college athletes. Clin J Sport Med
2008;18:10–17.
Tierney RT, Mansell JL, Higgins M, et al. Apolipoprotein E genotype and
concussion in college athletes. Clin J Sport Med 2010;20:464–8.
Terrell TR, Bostick RM, Barth J, et al. Prospective cohort study of the association of
genetic polymorphisms and concussion risk and postconcussion neurocognitive
deﬁcits in college athletes. Clin J Sport Med 2012;22:172.
Munoz-Sanchez MA, Murillo-Cabezas F, Cayuela A, et al. The signiﬁcance of skull
fracture in mild head trauma differs between children and adults. Childs Nervous
Syst 2005;21:128–32.
Ommaya AK, Goldsmith W, Thibault L. Biomechanics and neuropathology of adult
and paediatric head injury. Br J Neurosurg 2002;16:220–42.
Moser RS, Schatz P, Jordan BD. Prolonged effects of concussion in high school
athletes. Neurosurgery 2005;57:300–6.
Sim A, Terryberry-Spohr L, Wilson KR. Prolonged recovery of memory functioning
after mild traumatic brain injury in adolescent athletes. J Neurosurg
2008;108:511–16.
Field M, Collins MW, Lovell MR, et al. Does age play a role in recovery from
sports-related concussion? A comparison of high school and collegiate athletes.
J Pediatr 2003;142:546–53.
Grady MF. Concussion in the adolescent athlete. Curr Probl Pediatr Adolesc Health
Care 2010;40:154–69.
Gioia GA, Schneider JC, Vaughan CG, et al. Which symptom assessments and
approaches are uniquely appropriate for paediatric concussion? Br J Sports Med
2009;43:I13–22.
Janusz JA, Sady MD, Gioia GA. Postconcussion symptom assessment. In:
Michael W, Kirkwood KOY, eds. Mild traumatic brain injury in children and
adolescents: from basic science to clinical management. New York: Guilford Press,
2012:241–63.
Grubenhoff JA, Kirkwood M, Gao DX, et al. Evaluation of the standardized
assessment of concussion in a pediatric emergency department. Pediatrics
2010;126:688–95.
Ayr LK, Yeates KO, Taylor HG, et al. Dimensions of postconcussive symptoms
in children with mild traumatic brain injuries. J Int Neuropsychol Soc
2009;15:19–30.
Gioia GA, Collins M, Isquith PK. Improving identiﬁcation and diagnosis of mild
traumatic brain injury with evidence: psychometric support for the acute
concussion evaluation. J Head Trauma Rehabil 2008;23:230–42.
Mittenberg W, Wittner MS, Miller LJ. Postconcussion syndrome occurs in children.
Neuropsychology 1997;11:447–52.
Yeates KO, Taylor HG, Rusin J, et al. Longitudinal trajectories of postconcussive
symptoms in children with mild traumatic brain injuries and their relationship to
acute clinical status. Pediatrics 2009;123:735–43.
Yeates KO, Kaizar E, Rusin J, et al. Reliable change in postconcussive symptoms
and its functional consequences among children with mild traumatic brain injury.
Arch Pediatr Adolesc Med 2012;166:615–22.
Blinman TA, Houseknecht E, Snyder C, et al. Postconcussive symptoms in
hospitalized pediatric patients after mild traumatic brain injury. J Pediatr Surg
2009;44:1223–8.
Valovich McLeod TC, Barr WB, McCrea M, et al. Psychometric and measurement
properties of concussion assessment tools in youth sports. J Athl Train
2006;41:399–408.
Valovich McLeod TC, Perrin DH, Guskiewicz KM, et al. Serial administration of
clinical concussion assessments and learning effects in healthy young athletes. Clin
J Sport Med 2004;14:287–95.
McCrea M, Kelly JP, Kluge J, et al. Standardized assessment of concussion in
football players. Neurology 1997;48:586–8.
Gioia GA, Isquith PK, Schneider JC, et al. New approaches to assessment and
monitoring of concussion in children. Top Lang Dis 2009;29:266–81. .
Jinguji TM, Bompadre V, Harmon KG, , et al Sport Concussion Assessment
Tool-2: baseline values for high school athletes. Br J Sports Med
2012;46:365–70.
Valovich McLeod TC, Bay RC, Lam KC, et al. Representative baseline values on the
Sport Concussion Assessment Tool 2 (SCAT2) in adolescent athletes vary by
gender, grade, and concussion history. Am J Sports Med 2012;40:927–33.
Purcell L, Carson J. Sport-related concussion in pediatric athletes. Clin Pediatr
2008;47:106–13.

71
72
73

74
75
76
77
78
79
80
81
82
83

84
85
86
87

88
89

90

91
92
93
94

95

96

97
98
99
100

101
102
103

104

Halstead ME, Walter KD, Council Sports Med F. Clinical report-sport-related
concussion in children and adolescents. Pediatrics 2010;126:597–611.
McGrath N. Supporting the student-athlete’s return to the classroom after a
sport-related concussion. J Athl Train 2010;45:492–98.
Sady MD, Vaughan CG, Gioia GA. School and the concussed youth:
recommendations for concussion education and management. Phy Med Rehabil
Clin North Am 2011;22:701–19.
Purcell L. What are the most appropriate return-to-play guidelines for concussed
child athletes? Br J Sports Med 2009;43:I51–5.
McClincy MP, Lovell MR, Pardini J, et al. Recovery from sports concussion in high
school and collegiate athletes. Brain Injury 2005;20:33–9.
Gessel LM, Fields SK, Collins CL, et al. Concussions among United States high
school and collegiate athletes. J Athl Train 2007;42:495–503.
Lincoln AE, Caswell SV, Almquist JL, et al. Trends in concussion incidence in high
school sports a prospective 11-year study. Am J Sports Med 2011;39:958–63.
Marar M, McIlvain NM, Fields SK, et al. Epidemiology of concussions among United
States high school athletes in 20 sports. Am J Sports Med 2012;40:747–55.
Covassin T, Swanik CB, Sachs ML. Sex differences and the incidence of
concussions among collegiate athletes. J Athl Train 2003;38:238–44.
Dick RW. Is there a gender difference in concussion incidence and outcomes? Br J
Sports Med 2009;43:I46–50.
Colvin AC, Mullen J, Lovell MR, et al. The role of concussion history and gender in
recovery from soccer-related concussion. Am J Sports Med 2009;37:1699–704.
Kutcher JS, Eckner JT. At-risk populations in sports-related concussion. Curr Sports
Med Rep 2010;9:16–20.
Covassin T, Swanik CB, Sachs M, et al. Sex differences in baseline
neuropsychological function and concussion symptoms of collegiate athletes. Br J
Sports Med 2006;40:923–7.
Broshek DK, Kaushik T, Freeman JR, et al. Sex differences in outcome following
sports-related concussion. J Neurosurg 2005;102:856–63.
Tierney RT, Sitler MR, Swanik CB, et al. Gender differences in head-neck segment
dynamic stabilization during head acceleration. Med Sci Sports Exerc 2005;37:272–9.
Esposito G, Van Horn JD, Weinberger DR, et al. Gender differences in cerebral blood
ﬂow as a function of cognitive state with PET. J Nucl Med 1996;37:559–64.
Gioia GA, Collins M, Isquith PK. Improving identiﬁcation and diagnosis of mild
traumatic brain injury with evidence: psychometric support for the Acute
Concussion Evaluation. J Head Trauma Rehabil 2008;23:230–42.
Daneshvar DH, Nowinski CJ, McKee AC, et al. The epidemiology of sport-related
concussion. Clin Sports Med 2011;30:117.
Covassin T, Elbin R, Kontos A, et al. Investigating baseline neurocognitive
performance between male and female athletes with a history of multiple
concussion. J Neurol Neurosurg Psychiatry 2010;81:597–601.
Preiss-Farzanegan SJ, Chapman B, Wong TM, et al. The relationship between
gender and postconcussion symptoms after sport-related mild traumatic brain
injury. PM R 2009;1:245–53.
Putukian M, Aubry M, McCrory P. Return to play after sports concussion in elite
and non-elite athletes? Br J Sports Med 2009;43:I28–31.
Johnson LSM. Return to play guidelines cannot solve the football-related
concussion problem. J School Health 2012;82:180–5.
http://www.irblaws.com.php?&language=EN (accessed 13 Feb 2013).
Meehan WP, d’Hemecourt P, Comstock RD. High school concussions in the 2008–
2009 academic year mechanism, symptoms, and management. Am J Sports Med
2010;38:2405–9.
Crisco JJ, Greenwald RM. Let’s get the head further out of the game: a proposal
for reducing brain injuries in helmeted contact sports. Curr Sports Med Rep
2011;10:7–9.
Heck JF, Clarke KS, Peterson TR, et al. National Athletic Trainers’ Association
position statement: head-down contact and spearing in tackle football. J Athl Train
2004;39:101–11.
Safety in youth ice hockey: the effects of body checking. American Academy of Pediatrics.
Committee on Sports Medicine and Fitness. Pediatrics 2000;105(3 Pt 1):657–8.
Boffano P, Boffano M, Gallesio C, et al. Rugby players’ awareness of concussion.
J Craniofacial Surg 2011;22:2053–6.
Mrazik M, Bawani F, Krol AL. Sport-related concussions: knowledge translation
among minor hockey coaches. Clin J Sport Med 2011;21:315–19.
Price J, Malliaras P, Hudson Z. Current practices in determining return to play
following head injury in professional football in the UK. Br J Sports Med
2012;46:1000–3.
Patricios J, Collins R, Branﬁeld A, et al. The sports concussion note: should SCAT
become SCOAT? Br J Sports Med 2012;46:198–201.
McCrory P, Collie A, Anderson V, et al. Can we manage sport related concussion
in children the same as in adults? Br J Sports Med 2004;38:516–19.
Slobounov S, Slobounov E, Sebastianelli W, et al. Differential rate of recovery in
athletes after ﬁrst and second concussion episodes. Neurosurgery
2007;61:338–44.
Chen JK, Johnston KM, Petrides M, et al. Recovery from mild head injury in sports:
evidence from serial functional magnetic resonance imaging studies in male
athletes. Clin J Sport Med 2008;18:241–7.

Makdissi M, et al. Br J Sports Med 2013;47:314–320. doi:10.1136/bjsports-2013-092256

Downloaded from bjsm.bmj.com on March 16, 2013 - Published by group.bmj.com

Review
105

106

107
108

109

110

Vagnozzi R, Signoretti S, Cristofori L, et al. Assessment of metabolic brain damage
and recovery following mild traumatic brain injury: a multicentre, proton magnetic
resonance spectroscopic study in concussed patients. Brain 2010;133:3232–42.
Cubon VA, Putukian M, Boyer C, et al. A Diffusion Tensor Imaging Study on the
white matter skeleton in individuals with sports-related concussion. J Neurotrauma
2011;28:189–201.
Gosselin N, Bottari C, Chen JK, et al. Electrophysiology and functional MRI in
post-acute mild traumatic brain injury. J Neurotrauma 2011;28:329–41.
Henry LC, Tremblay S, Leclerc S, et al. Metabolic changes in concussed American
football players during the acute and chronic post-injury phases. BMC Neurol
2011;11:105.
Slobounov SM, Gay M, Zhang K, et al. Alteration of brain functional network at
rest and in response to YMCA physical stress test in concussed athletes: RsFMRI
study. Neuroimage 2011;55:1716–27.
Baillargeon A, Lassonde M, Leclerc S, et al. Neuropsychological and
neurophysiological assessment of sport concussion in children, adolescents and
adults. Brain Injury 2012;26:211–20.

111

112

113

114

115

116

Makdissi M, et al. Br J Sports Med 2013;47:314–320. doi:10.1136/bjsports-2013-092256

Johnson B, Zhang K, Gay M, et al. Alteration of brain default network in subacute
phase of injury in concussed individuals: resting-state fMRI study. Neuroimage
2012;59:511–18.
Tallus J, Lioumis P, Hamalainen H, et al. Long-lasting TMS motor
threshold elevation in mild traumatic brain injury. Acta Neurol Scand
2012;126:178–82.
Bazarian JJ, Zhu T, Blyth B, et al. Subject-speciﬁc changes in brain white matter
on diffusion tensor imaging after sports-related concussion. Magn Reson Imaging
2012;30:171–80.
Breedlove EL, Robinson M, Talavage TM, et al. Biomechanical correlates of
symptomatic and asymptomatic neurophysiological impairment in high school
football. J Biomech 2012;45:1265–72.
Gysland SM, Mihalik JP, Register-Mihalik JK, et al. The relationship between
subconcussive impacts and concussion history on clinical measures of neurologic
function in collegiate football players. Ann Biomed Eng 2012;40:14–22.
Neselius S, Brisby H, Theodorsson A, et al. CSF-biomarkers in Olympic boxing:
diagnosis and effects of repetitive head trauma. PLoS ONE 2012;7:e33606.

9 of 9

Downloaded from bjsm.bmj.com on March 16, 2013 - Published by group.bmj.com

Revisiting the modifiers: how should the
evaluation and management of acute
concussions differ in specific groups?
Michael Makdissi, Gavin Davis, Barry Jordan, et al.
Br J Sports Med 2013 47: 314-320

doi: 10.1136/bjsports-2013-092256

Updated information and services can be found at:
http://bjsm.bmj.com/content/47/5/314.full.html

These include:

Data Supplement

"Supplementary Data"
http://bjsm.bmj.com/content/suppl/2013/03/11/47.5.314.DC1.html

References

This article cites 112 articles, 27 of which can be accessed free at:
http://bjsm.bmj.com/content/47/5/314.full.html#ref-list-1

Email alerting
service

Topic
Collections

Receive free email alerts when new articles cite this article. Sign up in
the box at the top right corner of the online article.

Articles on similar topics can be found in the following collections
Injury (711 articles)
Trauma (643 articles)
Trauma CNS / PNS (101 articles)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/

