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ABSTRACT
Objective  To systematically review the scientific 
literature regarding factors to consider when providing 
advice or guidance to athletes about retirement from 
contact or collision sport following sport-related 
concussion (SRC), and to define contraindications to 
children/adolescent athletes entering or continuing with 
contact or collision sports after SRC.
Data sources  Medline, Embase, SPORTSDiscus, APA 
PsycINFO, CINAHL and Cochrane Central Register of 
Controlled Trials were searched systematically.
Study eligibility criteria  Studies were included if they 
were (1) original research, (2) reported on SRC as the 
primary source of injury, (3) evaluated the history, clinical 
assessment and/or investigation of findings that may 
preclude participation in sport and (4) evaluated mood 
disturbance and/or neurocognitive deficits, evidence of 
structural brain injury or risk factors for increased risk of 
subsequent SRC or prolonged recovery.
Results  Of 4355 articles identified, 93 met the 
inclusion criteria. None of the included articles directly 
examined retirement and/or discontinuation from 
contact or collision sport. Included studies examined 
factors associated with increased risk of recurrent SRC 
or prolonged recovery following SRC. In general, these 
were low-quality cohort studies with heterogeneous 
results and moderate risk of bias. Higher number and/or 
severity of symptoms at presentation, sleep disturbance 
and symptom reproduction with Vestibular Ocular Motor 
Screen testing were associated with prolonged recovery 
and history of previous concussion was associated with a 
risk of further SRC.
Conclusion  No evidence was identified to support the 
inclusion of any patient-specific, injury-specific or other 
factors (eg, imaging findings) as absolute indications for 
retirement or discontinued participation in contact or 
collision sport following SRC.
PROSPERO registration number  CRD42022155121.

INTRODUCTION
Advice from clinicians is increasingly being sought 
regarding decisions about when an athlete should 
retire or discontinue participating in contact or colli-
sion sports in the context of sport-related concussion 
(SRC) and/or repeated head trauma. Discussions 

may be initiated by the clinician involved in the care 
of the athlete, the athletes themselves, other health-
care team members, coaches or administrators, or 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Advice from clinicians is commonly sought 
regarding decisions about when an athlete 
should retire or discontinue participating in 
contact or collision sport following sport-related 
concussion (SRC).

	⇒ Decisions on when to cease participation in 
contact or collision sport are complex and 
multifaceted.

	⇒ Historically, several opinion-based articles 
have been published, however, there are no 
evidence-based guidelines to facilitate decision-
making by athletes with clinical input from 
healthcare providers.

WHAT THIS STUDY ADDS
	⇒ No evidence was identified to support the 
inclusion of any patient-specific, injury-
specific or other factors (eg, imaging findings) 
as absolute indications for retirement or 
discontinued participation in contact or collision 
sport.

	⇒ Decisions regarding retirement or 
discontinuation from contact or collision 
sport in the context of SRC or repeated 
head trauma should involve clinicians with 
expertise in traumatic brain injury and sport 
and be individualised with consideration of 
psychosocial, injury-specific and sport-specific 
factors, any persisting symptoms and evolving 
neurocognitive concerns.

	⇒ Clinicians should provide athletes (and their 
families or guardians) with the scientific facts 
and uncertainties of their condition, as well as 
the potential risks of returning to their previous 
sport and/or alternative activities with less 
chance of head trauma or SRC. The discussion 
should highlight the benefits of regular 
physical activity and incorporate the athlete’s 
preferences, risk tolerance and capability to 
make an informed decision.
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family members/friends of the athlete. Increasingly, there is also 
media scrutiny of athletes who have sustained repeated concus-
sions. The process may be prompted by the presence of factors 
including a history of multiple concussions, even in the absence 
of a recent injury, prolonged or persisting symptoms, decreasing 
scores on neurocognitive or other performance measures, 
evidence of changes on conventional structural neuroimaging or 
concern about changes in mood or behaviour, or long-term risk 
of mood disorders or neurodegenerative diseases that may be 
associated with SRC and/or repeated head trauma.1–3

Decisions on when to cease participation in contact or colli-
sion sports are typically complex and multifaceted. For instance, 
some athletes forego formal education to pursue a career in sport, 
and many high-performing or elite athletes tend to strongly 
identify with their athlete role, which are factors that can add 
to the complexity of discussions surrounding athletic retirement 
in the context of SRC.4 5 Furthermore, mental health symptoms 
and disorders are often reported in elite athletes6 7 and injury, 
as well as retirement, have been shown to be significant athlete-
specific triggers.8 It is important to consider incorporating a 
shared decision-making model that includes providing athletes 
with the scientific facts and uncertainties of their condition and 
considers the athlete’s preferences and risk tolerance as well as 
psychological readiness to make a shared decision.9–13

Historically, several opinion-based articles have been published 
in the literature,14–17 however, to date, there have been no defin-
itive evidence-based guidelines to facilitate decision-making by 
athletes with clinical input from healthcare providers. The lack 
of clear evidence-based guidance may lead to an athlete who has 
been given the advice to cease participation in contact or collision 
sports, consulting several different doctors or ‘doctor-shopping’. 
In addition, the decision may generate concern among clinicians 
about their medicolegal exposure when providing advice that 
may ‘restrict the trade’ of athletes, particularly in the case of 
professional athletes. It is also widely acknowledged that partic-
ipation in exercise or physical activity confers a wide range of 
physical, cognitive and psychological health benefits18–20 as well 
as financial rewards, particularly at the elite or professional 
level. In some individuals, these benefits may be mitigated or 
outweighed by potential risks related to SRC and/or repeated 
head trauma, including possible long-term effects on neurocog-
nitive or brain health.

The aim of this study was to conduct a systematic review of 
the literature regarding the factors that should be considered 
when providing advice or guidance to athletes about retirement 
from contact or collision sport following SRC, and the contrain-
dications to children/adolescent athletes entering or continuing 
with contact or collision sports.

METHODS
The review protocol was prospectively registered in the 
PROSPERO database for systematic reviews (protocol ID: 
CRD42022155121) and reported according to Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.21

The authors for this paper were selected based on research 
and/or clinical expertise in providing retirement recommenda-
tions following SRC, with broad representation across speciali-
ties, sports and countries.22

The search strategy was developed in Medline and used 
three main concepts: concussion, sports and retirement. 
Retirement was defined broadly for the search to capture all 
possible studies. The standardised search was developed for 

the concepts for concussion and sports for all the reviews and 
are described in the concussion consensus methods paper.22 
To help develop the search for retirement, all authors were 
invited to contribute keywords and reviewed the draft search. 
The draft search was created by the health sciences librarian 
(AH) and reviewed by all authors as well as peer-reviewed 
by another health sciences librarian (Zahra Premji). Sugges-
tions for additional keywords from coauthors were incorpo-
rated as required. The search included both subject headings 
and keywords. Keywords were searched in the title, abstract 
and author-supplied keywords. When translating the search 
to other databases, keywords were similar, whereas subject 
headings were responsive to the indexing of the database. All 
searches were limited to 2001–March 2022. All search results 
were exported as RIS files and then uploaded to Covidence for 
deduplication and screening.

The following databases were searched: MEDLINE and 
Epub Ahead of Print, In-Process & Other Non-Indexed Cita-
tions and Daily (Ovid), Embase (Ovid), Cochrane Central 
Register of Controlled Trials (Ovid), CINAHL Plus with Full 
Text (EBSCO2022) and SPORTDiscus with Full Text (EBSCO). 
Searches were initially conducted October 2019, and top-up 
searches were run in March 2022. The complete search strat-
egies for all databases are available in online supplemental file 
1. The Medline search is annotated to provide information on 
search details.23

Articles that met the following criteria were eligible for inclu-
sion: (1) original research (including randomised controlled 
trials, quasi-experimental designs, cohort, case–control, cross-
sectional, case series, qualitative studies); (2) had SRC as the 
focus of the study (ie, >50% of the study population); (3) 
written in English; (4) peer-reviewed and (5) evaluated mood 
disturbance and/or neurocognitive deficits; decreased impact 
threshold for future concussion; evidence of structural brain 
injury (clinical, radiological, biomarker, etc); prolonged 
recovery from concussion (eg, persisting (>14 days in adults, 
>30 days in children) or permanent concussive symptoms); 
evaluated risk factors for prolonged recovery; evaluated lower 
threshold for concussion; evaluated history, clinical assessment 
and/or investigation findings that may preclude participation 
in sport. We defined children as 5–12 years and adolescents as 
13–18 years.

An initial rapid screen was completed to exclude all articles 
that clearly did not meet inclusion criteria (eg, not SRC or <50% 
of the study population SRC, non-human studies, conference 
proceedings). Each title/abstract was screened by two authors 
independently. Inter-rater agreement was assessed prior to initi-
ating the title and abstract screen with a threshold of 80% agree-
ment. Discrepancies were resolved by a third, blinded reviewer. 
Full-text screening was completed by two authors independently 
and discrepancies were resolved by a third author.22

Two authors extracted data for each study using predesigned 
data extraction forms. Similarly, risk of bias (ROB) assessment 
was performed by two authors using the appropriate Scottish 
Intercollegiate Guidelines Network (https://www.sign.ac.uk/) 
critical appraisal notes and checklist. All articles were rated as low 
(acceptable or high quality) or high (unacceptable) ROB based 
on the assessment. Any discrepancies were discussed between 
reviewing authors until a consensus was reached. Where needed, 
the lead author acted to resolve conflicts. Strength of Recom-
mendation Taxonomy (SORT) was used to assess the overall 
quality of the evidence.24
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Equity, diversity and inclusion statement
We included all eligible studies in the systematic review regardless 
of sample characteristics. Most studies included both males and 
females (85%) and no studies specifically mentioned the inclu-
sion of parasport athletes. The authors of this review include 
both women and men, a variety of disciplines and persons of 
colour. The team lacks the perspectives of members of the 
lesbian, gay, bisexual, transgender, intersex, queer, asexual and 
other sexual or gender diverse (LGBTQI+) community, those in 
early career stages, and persons from low-income and middle-
income geographical regions.

RESULTS
We found 8269 records in the database searches (figure  1). 
After the removal of duplicates, 4355 records were screened by 
title and abstract during rapid review, and 1807 records were 
screened by title and abstract to determine eligibility for inclu-
sion. Following full-text review of 204 studies, 93 were included 
in the review.

The data extraction table and ROB assessments are summarised 
insupplementary online material. The studies included 38 
prospective cohort studies, 42 retrospective cohort studies, 11 
case–control studies and 2 cross-sectional studies. Sixteen studies 
included adults only (ie, aged >18 years), with the remainder of 
the studies including children and adolescent subjects (2 studies 
only included children ie, <12 years, 14 studies only included 
adolescent subjects, ie, aged 13 to <18 years).

Ten studies included male subjects only, 79 studies included 
both male and female subjects, and 4 studies did not report on 
the sex of their cohort.

None of the studies directly examined the issue of retirement 
and/or discontinuation from contact collision sports. All included 
studies assessed factors associated with prolonged recovery 
following SRC (summarised in table 1) and/or increased risk of 
concussion (summarised in table 2). Five studies were rated high 
quality, 75 of acceptable quality and 13 had a high (unaccept-
able) ROB (online supplemental file 2).

In general, the findings across studies were heterogeneous. 
The included studies differed widely in the clinical outcomes 
measured, the timing of assessments, definitions for ‘prolonged 
symptoms’ and whether conducted in specialty concussion 
clinics.

The most consistent results for factors associated with 
increased time to recovery and/or risk of persisting symptoms 
include longer time to presentation,25–31 total number and/or 
severity of symptoms at initial presentation,30 32–42 sleep distur-
bance43–45 and symptom reproduction with Vestibular Ocular 
Motor Screen testing.28 32 39 42 46–55

Studies on plasma, salivary and/or cerebrospoinal fluid (CSF) 
biomarkers or advanced imaging biomarkers were limited in 
design, often with small cohorts of athletes.56–64

For studies assessing factors associated with an increased risk 
of concussion, the most consistent finding was that previous 
concussion was associated with a risk of further concus-
sions.40 41 65–68

Given the lack of consistent and high-quality research, the 
variability in outcomes selected and lack of studies evaluating the 
specific question related to criteria for retirement, the strength 
of recommendation for criteria for retirement was rated as B 
(‘Recommendation based on inconsistent or limited quality 

Figure 1  Modified Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 flow diagram for new systematic reviews 
which included searches of databases and registers only.
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patient-oriented evidence’”) or C (‘Recommendation based on 
consensus, usual practice, opinion, disease-oriented evidence, 
case series for studies of diagnosis, treatment, prevention or 
screening’).24

DISCUSSION
There was no evidence identified by this systematic review to 
support the inclusion of any patient-specific, injury-specific or other 
factors (eg, imaging findings) as absolute indications for retirement 
or discontinued participation in contact or collision sports.

When considering our research questions, we included a broad 
search of factors that may lead to an increased risk of repeat 
concussions and/or a significant risk of adverse health outcomes 
if the individual was exposed to further head trauma and/or 
SRC. The factors evaluated in the included studies investigated 
common clinical presentations such as prolonged or persisting 
postconcussion symptoms, neurological or cognitive deficits, 
persistent mood or behavioural disturbance, decreased impact 
threshold for future concussion and radiological evidence of 
structural brain injury (some of which may be detected inciden-
tally and may not be related to SRC).

Table 1  Factors associated with increased time to recovery/prolonged symptoms following SRC

Factor Studies demonstrating increased risk No association demonstrated

Age 32 33 83 84 85* 43* 25 34 35 86–88

Sex 25–27 33 36 37 65 89–92 32 84 85* 34 35 88 93 94* 38 95–98

Race 84 85* 88 97

Previous concussions 27 66 84 88 92 97 99–102*† 28 39 25 32–34 38 67 68 87 93 95 98 103–107

Premorbid headache syndrome/migraines 33 39 97 108 29 32 86 92 95 106

Mental health/mood disorders (anxiety/depression) 46 88 109–111 26 32 38 86 93 97 112 113

Learning disability 33 84 85* 26 38 46 87 93 97 106

ADHD 84 92 26 33 46 87 88 93 97 103 106 107

Continued participation in sport 90 93 114 30

Longer time from injury to receiving medical attention 25–31

Total no/severity of symptoms at initial assessment 30 32–42 115 86 98

Post-traumatic headache/migraines 33 85* 26 91 116 38 106

Specific symptom clusters 37 39 87 88 91 95 98 117

Worsening symptoms from injury to clinic presentation 91

Fear of pain questionnaire score 32

Alcohol, tobacco or marijuana use since injury 97

Low resilience score (Connor-Davidson Resilience Scale) 118

Dizziness 46 106

Difficulty concentrating 85*

Difficulty remembering 85*

Amnesia 85* 34 68 26 35 88 92 95 106

Loss of consciousness 85* 34 36 26 35 46 68 88 92 95 106

Sleep disturbance 43–45

Orthostatic intolerance 28

Presence of vestibular/oculomotor deficits 28 32 39 42 46–53 54* 55

Presence of convergence insufficiency 55 119 46

Tandem gait deficits 28 48 120

Presence of neuro-psychological deficits on computerised screening tests (eg, ImPACT) 26 41 42 121* 35

Exercise tolerance in subacute phase of recovery 122

Dual-task transverse plane movement and lateral step variability 120

‘5P clinical risk score’ 123

(GT)n Promoter Polymorphism 124

Plasma t-tau 56

Salivary microRNA biomarkers 57

CSF biomarkers 125

Higher perceived parental stress 113

Structural neuroimaging (MRI) 126* † 127† 128

Advanced neuroimaging 58 129* 59 60–62* 63

Functional near infra-red spectroscopy (haemodynamic response) 130†

*High (unacceptable) risk of bias.
†Associated with long-term risk/changes.
ADHD, attention-deficit hyperactivity disorder; CSF, cerebrospinal fluid; ImPACT, immediate post-concusssion assessment and cognitive testing; SRC, sport-related concussion.

Table 2  Factors associated with risk of concussion

Factor
Studies demonstrating 
increased risk

No association 
demonstrated

Sex 40 65

Previous concussions 40 41 65–68

Level of play 65

Mental health disorders (anxiety/
depression)

109

Genetics 131 132*

*High (unacceptable) risk of bias.
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The results revealed that several factors may be associated 
with either an increased risk of recurrent SRC or of prolonged 
or persisting symptoms following SRC (see tables  1 and 2). 
Greater time from injury to receiving medical attention has 
been shown to be associated with longer recovery.25–31 From a 
secondary prevention standpoint, recognising the importance of 
early assessment and management of SRC may result in reduced 
risk of persisting symptoms. Similarly, athletes with initial high 
symptom burden29 and children/adolescents with higher risk 
scores69 could be screened and directed for evidence-informed 
interventions in the early period following SRC, which may 
reduce the risk of persisting symptoms. However, the results 
were inconsistent across studies, which may be due in part to 
the heterogeneous populations, study designs and outcome 
measures used. Furthermore, the quality and quantity of the data 
were low, with a high ROB identified in many of the studies (see 
online supplemental file 2).

Studies examining factors such as age, sex, prior concussions, 
attention-deficit hyperactivity disorder (ADHD) or learning 
disabilities and prior history of mood disorders or migraines 
demonstrated variable outcomes. This is likely due to variability 
in study quality, exposure and outcomes evaluated. Many studies 
sampled patients from specialty clinics which raises the threat 
of selection bias, where the participants included in the studies 
may represent a more severe sample and thus more likely to 
have suffered from persistent symptoms or functional limitations 
that may overestimate the relationship between exposure and 
outcome. Furthermore, many studies conducted univariant anal-
yses and failed to take into consideration important potential 
confounding factors. Thus, future high-quality incident cohort 
studies (ie, following groups of athletes forward over time) are 
needed; until then, the answers to our questions remain largely 
unanswered.

Given the evolving nature of the evidence regarding SRC 
and ongoing concerns related to potential long-term adverse 
psychological and/or neurocognitive outcomes, it is expected 
that clinicians will increasingly be faced with questions regarding 
retirement or discontinuation of contact or collision sports. We 
suggest a pragmatic approach based on the collective clinical 
and research experience of the author group and guided by 
the systematic review. The advice provided is not intended as a 
clinical practice protocol/directive or legal standard of care and 
should not be interpreted as such, but rather as a set of general 
principles to be used by clinicians to provide structure to the 
complex and multifaceted decision-making process regarding 
retirement or discontinuation from contact or collision sports in 
the context of SRC or repeated head trauma.

Traditionally in sports medicine, return to play or return to 
sports decisions following injury rely on the identification of 
‘absolute’ contraindications that may signify an unacceptable 
risk to return, the consideration of ‘relative’ contraindications 
that may be associated with an increased risk of poor outcomes, 
and the assessment of other important individual factors such as 
athlete knowledge, values, priorities, risk tolerance, etc.

There are several factors that have been suggested in the litera-
ture as indications for not returning to contact or collision sports 
following SRC.14–17 These are summarised in box 1.

Based on the results of the systematic review, there is no 
evidence to support any one factor being an ‘absolute’ contra-
indication to an athlete being able to continue participation in 
a contact or collision sport. Given the current limitations in 
knowledge, it is important that clinicians do not overindex any 
specific anecdotal guidelines or rely on any one clinical factor 
when advising athletes about when to retire or discontinue 

participation in contact or collision sports. Rather, an individu-
alised and collaborative approach to shared decision-making is 
recommended.

Athletes with persisting symptoms, neurological abnormali-
ties and/or neurocognitive deficits are typically not considered 
to be cleared for return to contact or collision sports. Given the 
non-specific nature of the symptoms, and considerable overlap 
with other syndromes (eg, mood disorders, post-traumatic head-
aches/migraines), it is essential to identify and treat co-existent 
pathology that may respond positively to treatment.70 71 Conse-
quently, it is recommended that clinicians with experience in 
SRC be involved in the assessment and treatment of the athlete 
before discussions regarding retirement from sport are initiated. 
Furthermore, in these instances, a cautious process-oriented 
approach to decision-making is suggested, where it may be more 
prudent to restrict contact or collision sport for a prolonged 
period (eg, one season) before reassessment and reconsideration 
of retirement. Obviously, in some cases, the athlete may choose 
not to return to contact or collision sports given the impact that 
symptoms may have on work, education and quality of life.

In this systematic review, we identified several factors that may 
be associated with an increased risk of recurrent SRC, prolonged 
or persisting symptoms or long-term adverse sequelae (tables 1 
and 2). These form the basis of important clinical factors that 
should be considered as part of a comprehensive assessment in 
the multifaceted decision-making process regarding retirement 
or discontinuation from contact or collision sports in the context 
of SRC or repeated head trauma.

Based on the results of this systematic review and the collective 
experience of the author group, it is suggested that the following 
issues are also considered when discussing ongoing participation 
in contact or collision sport.
1.	 History of prior concussion, including frequency (decreased 

interval) between concussions, symptom burden and severity 
at the time of injury, duration of clinical recovery from previ-
ous concussions and increasing severity with each successive 
concussion or minimal impact producing concussion.

2.	 Sport-specific factors, including, type of sport played, years 
played, position and playing style. Inherent to this discus-
sion is a detailed understanding of concussion risk as well as 
the head impact dynamics (ie, the number and magnitude of 
acceleration, deceleration and rotational forces) commonly 
observed in the sport and the implications these may have 
to return the athlete to the risks associated with that sport. 
The level of play is also important. Financial benefits exist 

Box 1  Factors suggested as possible indications for not 
returning to contact sport

Persisting or prolonged
1.	 Symptoms after concussion.
2.	 Neurological abnormalities on physical examination.
3.	 Deficits on neuropsychological testing, despite time away 

from contact or collision sports, and compliance with 
prescribed treatments or interventions.

Increasing symptom severity and/or duration with repeat 
concussions.

Concussions precipitated by lower threshold impacts.
Structural abnormalities identified on conventional 

neuroimaging that may be associated with an increased 
risk of poor outcomes with future head impact and require 
neurosurgical assessment and management.
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in professional sports, which may add to the complexities of 
the decision-making process, as well as the legal implications 
for the healthcare provider who may be concerned about re-
striction of employment or trade. Furthermore, some sports 
have their own specific regulations regarding clearance for 
participation (eg, retinal detachment in boxing).

3.	 Psychological factors including values, athletic identity, risk 
tolerance and readiness or confidence to return to contact or 
collision sports.72 73

4.	 The child or adolescent athlete. Brain development continues 
throughout childhood and into young adulthood. In children, 
progressing to the next age group level in contact or collision 
sports, especially prepubescent to postpubescent children 
may pose additional risks, especially given the variable age 
of growth and likelihood of mismatch of size and strength of 
players in the competition. Similarly, adolescent athletes who 
may be progressing to higher levels of competition, including 
participation in elite pathway programmes and/or open-age 
competitions, may pose higher risks with increased train-
ing loads, players of a larger size and/or higher velocity of 
impacts. The cognitively immature child/adolescent athlete 
may not yet be capable of adequately understanding the rela-
tive risks and benefits of participating in contact or collision 
sports, and parents/guardians may not be unanimous in their 
recommendations, influenced by multiple factors including 
cultural and socioeconomic background,74 expectations for 
the child’s future professional sports capabilities, vicarious 
benefits from the child’s sporting achievements and parental 
anxieties. It is also imperative to appreciate that the prior-
ities in children are cognitive and emotional development 
and physical maturation. Therefore, if repeat concussions in 
an individual child limit the ability to return to school and 
develop appropriately, restrictions on returning to contact or 
collision sports must be considered. However, considering 
the important health benefits of implementing a physically 
active lifestyle in youth,19 20 it is equally critical that any child 
or adolescent restricted from participating in contact or colli-
sion sports be encouraged to participate in other non-contact 
physical or sporting activities.

5.	 Geographical variations. Various legal and cultural frame-
works exist in different countries and territories that may 
impact decisions regarding retiring or discontinuing partici-
pation in contact or collision sports.

6.	 Para-athlete. Factors can be even more complex in the assess-
ment of para-sport athletes. Athletic identity is an important 
consideration as participation in sports may present an op-
portunity to transcend the bias and stigma the individuals 
may experience when going about their daily lives. The pres-
ence of a neurological finding would not necessarily exclude 
someone from engaging in sport, but specific circumstances 
(eg, seizure disorder in cerebral palsy or for those with neu-
romuscular conditions and the impact on sport), should be 
medically cleared prior to participation in sport.

The assessment should be individualised and involve clinicians 
with expertise in traumatic brain injury and sport, and frequently 
and preferably will include an independent multi-disciplinary 
team. The ensuing shared decision-making process should:
1.	 Include a discussion that considers the benefits of partic-

ipation in physical activity including important effects on 
physical, psychological, social and cognitive well-being 
weighed against the potential long-term risks that may be 
associated with concussion and/or exposure to repeated head 
trauma.75 Removal from sports even temporarily can exac-
erbate psychological health issues and providers need to be 

keenly aware to balance protection with the potential harms 
of removal. Given the positive benefits of exercise on health, 
care must be taken to avoid restricting all physical activity. 
Exercise and physical activity are critical in the prevention 
and management of many chronic diseases.76–78 Any athlete 
who ultimately retires from contact or collision sports should 
be encouraged to continue non-contact or low-contact physi-
cal activity and the benefits explained.

2.	 Address the key concerns and correct any misconceptions 
that the athlete or their family, caregivers, or guardians, in 
the case of athletes under the age of legal consent, may have.

3.	 Use language that is appropriate for the health literacy of the 
individuals based on multiple factors, including their level of 
education and culture, to reduce the risk that the informa-
tion is misinterpreted.

4.	 The assessment should be carefully documented, as with all 
aspects of medical care and decision-making.

In many instances, the clinician will help weigh the risks 
versus benefits and provide their opinion to the athlete, based 
on their best clinical judgement. Consequently, the advice should 
be provided by someone with expertise in concussion and head 
trauma and encompass input by clinicians from disciplines rele-
vant to the athlete’s presentation who are familiar with the 
sport-specific elements of any risk.

Alternatively, it has been suggested that the clinician should 
not provide specific guidance, but rather provide enough infor-
mation for the athlete to make an informed decision. Turner et 
al suggested that ‘the choice to return to play after a concussion 
or mild TBI injury is the athlete’s decision once they have (1) 
recovered from their injury and have the legal capacity to make 
an informed decision; (2) been medically assessed and (3) been 
informed of any possible long-term risks in a language that they 
can understand’.79

Retirement or discontinuation of a sports career due to injury 
has potentially life-altering consequences, irrespective of the 
level of play, and has been associated with an increased risk for 
mental health symptoms and disorders.6 8 80 It is critical that 
any athlete in this situation be afforded adequate psychological 
support and follow-up.81

Medical ethical and legal considerations
It is beyond the scope of this paper to provide a comprehensive 
review of the medico-legal issues associated with an athlete’s 
decision to retire. However, consideration of the ethical and legal 
duties owed to athletes by medical staff in providing medical 
advice in the best interests of the athlete patient is an important 
part of such a process. Different jurisdictions may have their 
own legislation and case law, and different sports governing 
bodies may impose their own regulations or guidelines in rela-
tion to the management of concussion in their sport. Broadly 
from a legal perspective, in advising an athlete, it is important 
that medical staff:

	► Make the athlete aware of the role(s) they play in the athlete’s 
care, stating clearly if they have or foresee any potential or 
actual conflicts of interest affecting the decision that might 
compound informed decision-making by the athlete.

	► Make best efforts to ensure the athlete is free from coercion 
or undue influence.

	► Take all reasonable steps to ensure the athlete has the 
capacity to make an informed decision.

	► Make best efforts to ensure that all parties to the discussion 
are aware of and respect patient confidentiality.
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	► Have understood the athlete patient’s own conception of 
their best interest and informed the athlete of the risks that 
may be associated with continuing to participate, based on 
current knowledge of the relevant literature/research.

	► Use terms and language the athlete understands.
	► Offer the athlete the opportunity to ask medically relevant 

questions.
	► Respond as best they reasonably can to more holistic ques-

tions and discuss concerns raised by the athlete.
	► Understand and respect that, ultimately, it is the competent 

adult athlete’s decision whether to retire.
	► Consider the use of a cool-off period to allow time for 

further reflection and consultation where appropriate.
	► Make and retain some form of written record that docu-

ments the process.
Specific issues arise with child and adolescent athletes. While 

legislation including the defined age of a ‘child’ may vary across 
different jurisdictions, in general terms, a parent or guardian 
must consent to medical treatment of a child. Even under these 
conditions, however, it is good practice to seek the assent of the 
child. Many jurisdictions recognise that ‘mature minors’ may be 
competent to consent or refuse treatment if they can reasonably 
understand the information set provided and are not subject to 
undue influence. Nevertheless, medical staff should be aware 
that for more significant medical decisions, such as return to play 
following SRC, it would be prudent to involve a parent/guardian 
in the discussion and ensure the informed consent of a parent/
guardian is obtained.79

Further considerations and future research
This systematic review has revealed limited scientific evidence to 
specifically direct decisions regarding retirement from or partic-
ipation in contact or collision sport.

To allow us to better inform such decisions future research 
should focus on

	► Improved understanding of potential long-term risks related 
to concussion and repeated head trauma.

	► Robust, clinically relevant biomarkers of brain recovery.
	► Identification of genetic risk factors for poor long-term 

outcomes.
	► Understanding of head impact exposure and concussion risk 

of various sports. This should include all levels in which the 
game is played as well as cover all competitors (including 
representation of ethnicity, sociocultural factors, sex and 
gender, age, disability, level of competition).

Ideally, studies should be prospective cohort designs, which 
include measurement of factors that may have an impact on 
outcome including age, sex, sport, culture, genetics, previous 
injury, coexisting medical conditions, playing conditions (eg, 
air quality) and socioeconomic status. Also, studies often lack 
objective and valid measures of exposure to sport and frequently 
rely on self-reports of exposure or years played. To date, most 
funding is allotted for research that involves shorter durations (ie, 
1–5 year studies) and does not enable prospective follow-up of 
athletes over time, thus limiting our understanding of the poten-
tial factors that are important to consider in decisions related to 
retirement. The terminal endpoint of most studies is ‘return to 
play clearance’ where players would return to the at-risk cohort, 
however, the short duration of studies precludes longer evalua-
tion of outcomes. In other fields, prospective cohort studies with 
long-term follow-up have significantly advanced knowledge (eg, 
Framingham heart study).

Therefore, future studies should investigate factors associated 
with unfavourable outcomes after return to play such as early 
recurrence of concussion or severe injuries leading to chronic 
impairments and disabilities.

It is also incumbent on individual sporting bodies, associations 
and federations to implement evidence-based rule changes and 
regulations that assist in reducing the risk of concussion and 
exposure to repeated head impacts/accelerations.82 Such regu-
lations may, in some circumstances, mandate that the athlete 
does not return to a particular sport (eg, boxing), when the risks 
to the individual athlete (based on expert medical opinion) are 
considered too great.

Review limitations
The main limitation of our systematic review was the large 
degree of heterogeneity and low methodological quality of the 
included studies. Furthermore, we only included studies that 
evaluated the investigation or treatment of SRC. Finally, there 
was an inherent limitation related to publication bias.

Key recommendations (box)
1.	 Decisions regarding retirement or discontinuation from 

contact or collision sports in the context of SRC or repeat-
ed head trauma are complex and multifaceted and should, 
therefore, involve clinicians with expertise in traumatic brain 
injury and sport, and preferably include a multidisciplinary 
team (SORT C).

2.	 The decision-making process should be individualised and 
incorporate a comprehensive clinical history and physical 
examination, sequential clinical evaluation and neuroimag-
ing (when clinically indicated). (SORT C) The assessment 
should include consideration of psychosocial factors (eg, val-
ues, identity, risk tolerance, psychological readiness), injury-
specific factors (eg, history of prior concussions including 
number, worsening postconcussive symptoms with subse-
quent concussions, lower threshold for concussions), sport-
specific factors (eg, type of sport, level played),and any per-
sisting symptoms and/or neurocognitive concerns (SORT C).

3.	 In athletes with persisting or prolonged postconcussion 
symptoms, neurological abnormalities and/or neurocognitive 
deficits, it is essential to identify and treat and pre-existing, 
coexisting or resultant pathology (eg, mood disorders, post-
traumatic headaches/migraines) (SORT B).

4.	 The clinician should make the athlete aware of the role(s) 
they play in the athlete’s care, stating clearly if they have 
or foresee any potential or actual conflicts of interest affect-
ing the decision that might compound informed decision-
making by the athlete (SORT C).

5.	 The discussion should provide athletes with the scientific 
facts and uncertainties of their condition as well as the po-
tential risks associated with returning to their previous sport 
and/or alternative physical activities with less chance of head 
trauma or SRC. It should highlight the benefits of regular 
physical activity and incorporate the athlete’s preferences, 
risk tolerance and capability to make an informed decision. 
The discussion should be communicated in a manner that 
considers the athlete’s language preference, education and 
health literacy, and include others stakeholders (eg, parents, 
family) as indicated. The discussion, including the athlete’s 
understanding of what was communicated, should be care-
fully documented in the medical records (SORT C).

6.	 In the child or adolescent athlete, the primary concerns are 
return to school and maintaining healthy levels of physical 
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activity. This often requires a multidisciplinary process that 
includes the child/adolescent, parent/caregivers, healthcare 
providers, school leadership and teachers in the discussions 
(SORT C).

7.	 Given its positive benefits on health, care must be taken to 
avoid restricting all physical activity. Athletes who retire 
from contact or collision sport should be encouraged to con-
tinue non-contact or low-contact physical activity (as med-
ically tolerated) and have the benefits of such engagement 
explained (SORT B).

8.	 Further high-quality longitudinal research is needed to in-
form a risk–benefit model to facilitate informed, individu-
alised decisions about retirement or discontinuation from 
contact or collision sport.

9.	 Input and counsel from healthcare professionals knowledgeable 
regarding brain injury can be helpful in making decisions about 
retirement. The ultimate choice is one of an informed decision 
made by the athlete and/or their guardian or parent (SORT C).

CONCLUSION
There was no evidence identified by this systematic review to 
support the inclusion of any patient-specific, injury-specific or other 
factors (eg, imaging findings) as absolute indications for retirement 
or discontinued participation in contact or collision sports.
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de Montréal, Montreal, Québec, Canada
6Centre for Interdisciplinary Research in Rehabilitation of Greater Montreal, Montreal, 
Québec, Canada
7Murdoch Children’s Research Institute, Parkville, Victoria, Australia
8Cabrini Health, Malvern, Victoria, Australia
9Psychology, University of Missouri-Kansas City, Kansas City, MO, USA
10Orthopedics Center Concussion Care Clinic, State College, Pennsylvania, 
Pennsylvania, USA
11Rehabilitation, Laval University, Quebec, Quebec, Canada
12Libraries and Cultural Resources, University of Calgary, Calgary, Alberta, Canada
13Departments of Rehabilitation Medicine, Orthopaedics and Sports Medicine and 
Neurological Surgery, University of Washington, Seattle, Washington, USA
14Uniformed Services University, Bethesda, Maryland, USA
15Keck School of Medicine, University of Southern California, Los Angeles, California, 
USA
16Sports Medicine, Rugby Football Union, London, UK
17London School of Hygiene & Tropical Medicine, London, UK
18Department of Movement Sciences, KU Leuven, Leuven, Belgium
19School of Sport and Exercise Sciences, Swansea University, Swansea, UK
20Perry Maddocks Trollope Lawyers, Melbourne, Victoria, Australia
21Department of Neurosurgery, Yoshinogawa Hospital, Tokushima, Japan
22Sport and Health (WiSH), School of Clinical Medicine, Faculty of Health Sciences, 
University of the Witwatersrand, Johannesburg, South Africa
23Major League Soccer, Princeton University, Princeton, New Jersey, USA
24International Concussion and Head Injury Research Foundation, London, UK
25University College London, London, UK
26Hotchkiss Brain Institute, University of Calgary, Calgary, Alberta, Canada
27Alberta Children’s Hospital Research Institute, University of Calgary, Calgary, 
Alberta, Canada

Twitter Pierre Fremont @pfremo, Simon Kemp @drsimonkemp, Jon Patricios 
@jonpatricios, Margot Putukian @Mputukian and Kathryn J Schneider @Kat_
Schneider7

Acknowledgements  The authors are grateful for the help of Zahra Premji with 
the search strategy for this systematic review.

Contributors  All authors participated in the development and review of the 
search terms and strategy for retirement, database selection, inclusion/exclusion 
criteria, data extraction table and PROSPERO protocol development. AH developed 

the search strategies and ran the searches in all databases. MC, KJS and MM acted 
as methods authors. All authors participated in screening, data extraction and risk 
of bias assessment. MC, KJS and MM designed and completed the results section. 
All authors participated in the writing, critical review and final approval of the 
manuscript. MM is the guarantor of the study.

Funding  This systematic review was prepared for presentation at the 6th 
International Conference on Concussion in Sport in Amsterdam, October 2022. An 
education grant was received from the Concussion in Sport International Consensus 
Conference Organising Committee through Publi Creations for partial administrative 
and operational costs associated with the writing of the systematic reviews.

Competing interests  MMakdissi is sport and exercise medicine physician working 
in private consulting practice. He is a shareholder of Olympic Park Sports Medicine 
Centre in Melbourne and consultant to the Australian Football League (AFL, chief 
medical officer) and an Independent Concussion Consultant for World Rugby. He is a 
former team physician at the Hawthorn Football Club (AFL) and former chief 
executive officer of the AFL Doctors Association. He has received research grants 
from the AFL, outside the submitted work and is a chief instigator (unpaid) on 
projects receiving grants from the Australian Government Department of Health 
Medical Research and Future Fund. He is on the editorial board of the BJSM (unpaid) 
and JSAMS (unpaid). He has received travel support from the AFL, FIFA and the 
International Olympic Committee to attend and present at international conferences. 
He is a member of the Scientific Committee for the 6th International Consensus 
Conference on Concussion in Sport (unpaid), International Concussion in Sport 
Group (unpaid), Australian Rugby Union Concussion Advisory Group (unpaid). RC 
serves as a scientific advisor for the National Football League’s (NFL) Head Neck and 
Spine Committee, VP and Chair of the Scientific Advisory Committee for the National 
Operating Committee on Standards for Athletic Equipment (NOCSAE), and as 
cofounder and medical director of the Concussion Legacy Foundation. He currently 
receives research support from the NINDS UNITE and Diagnose CTE grants. He has 
received travel support and honorariums for presentations at conferences and 
meetings. He receives royalties from Houghton Mifflin Hardcourt publishing. He has a 
clinical and consulting practice in forensic neurology and neurosurgery, including 
expert testimony, especially individuals with traumatic brain and spinal cord injuries. 
He is a member of the National Collegiate Athletic Association Student-Athlete 
Concussion Injury Litigation Medical Science Committee. RJE is a paid consultant for 
the NHL and co-chair of the NHL/NHLPA Concussion Subcommittee. He is also a paid 
consultant and chair of the Major League Soccer concussion committee, and a 
consultant to the US Soccer Federation. He previously served as a neuropsychology 
consultant to Princeton University Athletic Medicine and EyeGuide. He is currently a 
co-PI for a grant funded by the NFL (NFL-Long) through Boston Children’s Hospital. 
He occasionally provides expert testimony in matters related to mTBI and sports 
concussion, and occasionally receives honoraria and travel support/reimbursement 
for professional meetings. JC has nothing to disclose. GAD is a member of the 
Scientific Committee of the 6th International Consensus Conference on Concussion 
in Sport; an honorary member of the AFL Concussion Scientific Committee; Section 
Editor, Sport and Rehabilitation, NEUROSURGERY; and has attended meetings 
organised by sporting organisations including the NFL, NRL, IIHF, IOC and FIFA; 
however, has not received any payment, research funding or other monies from these 
groups other than for travel costs. PF is a coinvestigator on a research grant from the 
NFL’s ’Play Smart. Play Safe’ Initiative and an Executive Review committee member 
of the Canadian Concussion Network (financed by CIHR). He received honorarium 
for an expert group discussion on blood biomarkers for concussion in December 
2020. AH has nothing to disclose. SHerring cofounder and senior advisor, The Sports 
Institute at UW Medicine (unpaid), Centers for Disease Control and Prevention and 
National Center for Injury Prevention and Control Board Pediatric Mild Traumatic 
Brain Injury Guideline Workgroup (unpaid), NCAA Concussion Safety Advisory Group 
(unpaid), Team Physician, Seattle Mariners, Former Team Physician, Seattle Seahawks, 
Concussion in Sport Group (travel support), occasional payment for expert testimony, 
travel support for professional meetings. SHinds provides client consultation services 
for military/veteran health, neuroscience, health, sports medicine, neurodegenerative 
disease, neurotrauma, nuclear medicine, molecular imaging, nuclear and radiation 
accidents and incidents, and health equity. Consult services includes support to 
Prevent Biometrics; advisor to Synaptek; advisor/consultant for the Collaborative 
Neuropathology Network Characterizing Outcomes of TBI (CONNECT-TBI); advisor to 
NanoDX; and reviewer for Peer Reviewed Alzheimer’s Disease Research Program. 
SHinds is chief of Health Equity and Deputy Medical Director for the NFL Players 
Association, Medical Director for the MLS Players Association. He receives grant 
support (no income) from the following: Co-PI, Long-term Impact of Military-relevant 
Brain Injury Consortium-Chronic Effects of Neurotrauma Consortium (LIMBIC-CENC); 
Advisory Board member to Concussion Legacy Foundation Project Enlist; Advisory 
Board member to the University of Michigan Concussion Center; advisor to Gryphon 
Bio; ad hoc reviewer for VA Brain Health Research; invited reviewer to 
Congressionally Directed Medical Research Programs; National Academy of Science, 
Engineering, and Medicine ’Accelerating Progress in TBI Research and Care’; NASEM 
TBI Forum committee member (currently inactive); contributor to Post-traumatic 
Epilepsy Former Department of Defense work: NFL Scientific Advisory Board member; 
NCAA-DoD CARE Medical Advisory Board Member; DoD Brain Health Research 

 on June 14, 2023 at S
w

ansea U
niversity. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2023-106815 on 14 June 2023. D
ow

nloaded from
 

https://twitter.com/pfremo
https://twitter.com/drsimonkemp
https://twitter.com/jonpatricios
https://twitter.com/Mputukian
https://twitter.com/Kat_Schneider7
https://twitter.com/Kat_Schneider7
http://bjsm.bmj.com/


9 of 11Makdissi M, et al. Br J Sports Med 2023;57:822–830. doi:10.1136/bjsports-2023-106815

Systematic review

Coordinating Officer and Medical Advisor to the Principal Assistant for Research and 
Technology (PAR&T), US Army Medical Research and Development Command 
(USAMRDC); Ex Officio National Advisory Neurological Disorders and Stroke 
(NANDSC) Council Member. BJ has nothing to disclose. SK Medical Services Director, 
Rugby Football Union (paid), Member of the World Rugby Concussion Expert Group, 
Member of the FIFA Concussion Expert Group (paid), Member of the FA Independent 
Concussion Expert Group. MMakdissi reports research grants from the US NIH, US 
Department of Defense, US CDC, US Department of Veterans Affairs, Abbott 
Laboratories, NFL and NCAA, and consultancy with the Green Bay Packers and 
Neurotrauma Sciences. MMcNamee 1. Chair, Ethics Expert Group, WADA (2021–
2023) (paid) 2. Member, International Boxing Association, Ethics and Integrity 
Committee, (2021–2022; resigned October 2022) (paid) 3. Chair, Therapeutic Use 
Exemption Fairness Committee (2020–) (paid) 4. Member, Steering Group, Sex 
Segregation in Sport, IAAF/World Athletics, (2019–2020) (unpaid) 5. Member, 
International Ice Hockey Federation, Ethics and Integrity Committee (2019–2021) 
(paid) 6. Member, International Olympic Committee Consensus Statement Expert 
Group on Injuries in Children and Adolescents (2017) (unpaid) 7. Member, Ethics 
Expert Group, WADA (2016–2021) (unpaid) 8. Member, International Olympic 
Committee Consensus Statement Expert Group on Pain Management (2016)) 
(unpaid). SN has nothing to disclose. JP Editor BJSM (honorarium); Member of World 
Rugby Concussion Advisory Group (unpaid); Independent Concussion Consultant for 
World Rugby (fee per consultation); Medical consultant to South African Rugby 
(unpaid); Co-chair of the Scientific Committee, 6th International Conference on 
Concussion in Sport (unpaid); Board member of the CISG (unpaid); Scientific Board 
member, EyeGuideTM (unpaid). MP declares the following: Consultant, CMO, Major 
League Soccer; Senior Advisor, NFL Head, Neck NCAA-CARE- DoD 2.0, ended 2020; 
Have received honoraria and reimbursement for travel for speaking and conferences 
attended; Have written chapters for UpToDate, and received royalties for the Netter’s 
Sports Medicine textbook; Have provided work as an expert for cases involving 
concussion, team physician and other sports medicine topics. SS has nothing to 
disclose. MT is employed full-time as the CEO and Medical Director of ICHIRF—a 
paid post he has held since April 2015. Hon Medical Adviser to the Professional 
Riders Insurance Scheme (PRIS)—discretionary honorarium. Member of the Premier 
League Head Injury Advisory Group (HIAG)—no remuneration. Director of ICHIRF 
Ireland—no remuneration. Honorary Medical Adviser to the Concussion 
Foundation—no remuneration. Member of the expert panel for the Dept of Digital, 
Culture, Media and Sport review into concussion in amateur sport—no 
remuneration. Attendance at conferences or meetings as a guest speaker—
reimbursement of travel expenses, complimentary registration and payment of hotel 
accommodation and meals by the organising committee. No stocks or options in any 
concussion-related company. No consultancies, board or editorial positions related to 
concussion. KJS has received grant funding from the CIHR, NFL Scientific Advisory 
Board, International Olympic Committee Medical and Scientific Research Fund, World 
Rugby, Mitacs Accelerate, University of Calgary, with funds paid to her institution 
and not to her personally. She is an Associate Editor of BJSM (unpaid), Independent 
consultant to World Rugby and has received travel and accommodation support for 
meetings where she has presented. She coordinated the writing of the systematic 
reviews that informed Amsterdam International Consensus on Concussion in Sport, 
for which she has received an educational grant to assist with the administrative 
costs associated with the writing of the reviews (with funds paid to her institution). 
She is a member of the AFL Concussion Scientific Committee (unpaid position), Brain 
Canada (unpaid positions) and Board member of the Concussion in Sport Group 
(CISG) (unpaid). She works as a physiotherapy consultant and treats athletes of all 
levels of sport from grass roots to professional.

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as online supplemental information.

Supplemental material  This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Michael Makdissi http://orcid.org/0000-0003-0334-7133
Meghan L Critchley http://orcid.org/0000-0001-6803-1231
Jeffrey G Caron http://orcid.org/0000-0002-4972-2704
Gavin A Davis http://orcid.org/0000-0001-8293-4496
Ruben J Echemendia http://orcid.org/0000-0001-6116-8462
Pierre Fremont http://orcid.org/0000-0003-2810-8382
K Alix Hayden http://orcid.org/0000-0002-0057-1327

Sidney R Hinds http://orcid.org/0000-0003-2231-6770
Simon Kemp http://orcid.org/0000-0002-3250-2713
Michael McNamee http://orcid.org/0000-0002-5857-909X
Jon Patricios http://orcid.org/0000-0002-6829-4098
Margot Putukian http://orcid.org/0000-0002-1478-8068
Michael Turner http://orcid.org/0000-0003-2323-2456
Kathryn J Schneider http://orcid.org/0000-0002-5951-5899

REFERENCES
	 1	 Russell ER, Mackay DF, Stewart K, et al. Association of field position and career 

length with risk of neurodegenerative disease in male former professional soccer 
players. JAMA Neurol 2021;78:1057–63. 

	 2	 Katz DI, Bernick C, Dodick DW, et al. National institute of neurological disorders 
and stroke consensus diagnostic criteria for traumatic encephalopathy syndrome. 
Neurology 2021;96:848–63. 

	 3	 Montenigro PH, Alosco ML, Martin BM, et al. Cumulative head impact exposure 
predicts later-life depression, apathy, executive dysfunction, and cognitive 
impairment in former high school and college football players. J Neurotrauma 
2017;34:328–40. 

	 4	 Caron JG, Bloom GA, Johnston KM, et al. Effects of multiple concussions on retired 
national hockey league players. J Sport Exerc Psychol 2013;35:168–79. 

	 5	 Monaco MR, Brewer BW, Van Raalte JL, et al. How many concussions would it take 
for athletes to choose to discontinue participation in their primary sport Int J Environ 
Res Public Health 2021;18:1582. 

	 6	 Reardon CL, Hainline B, Aron CM, et al. Mental health in elite athletes: 
international Olympic committee consensus statement (2019). Br J Sports Med 
2019;53:667–99. 

	 7	 Gouttebarge V, Castaldelli-Maia JM, Gorczynski P, et al. Occurrence of mental health 
symptoms and disorders in current and former elite athletes: a systematic review and 
meta-analysis. Br J Sports Med 2019;53:700–6. 

	 8	 Rice SM, Purcell R, De Silva S, et al. The mental health of elite athletes: a narrative 
systematic review. Sports Med 2016;46:1333–53. 

	 9	 Baggish AL, Ackerman MJ, Putukian M, et al. Shared decision making for athletes 
with cardiovascular disease: practical considerations. Curr Sports Med Rep 
2019;18:76–81. 

	 10	 Barry MJ. Shared decision making: informing and involving patients to do the right 
thing in health care. J Ambul Care Manage 2012;35:90–8. 

	 11	 Barry MJ, Edgman-Levitan S. Shared decision making — the Pinnacle of patient-
centered care. N Engl J Med 2012;366:780–1. 

	 12	 Creighton DW, Shrier I, Shultz R, et al. Return-to-play in sport: a decision-based 
model. Clin J Sport Med 2010;20:379–85. 

	 13	 Herring SA, Kibler WB, Putukian M. The team physician and the return-to-
play decision: a consensus Statement-2012 update. Med Sci Sports Exerc 
2012;44:2446–8. 

	 14	 Cantu RC, Register-Mihalik JK. Considerations for return-to-play and retirement 
decisions after concussion. PM R 2011;3:S440–4. 

	 15	 Concannon LG, Kaufman MS, Herring SA. The million dollar question: when should 
an athlete retire after concussion. Curr Sports Med Rep 2014;13:365–9. 

	 16	 Davis-Hayes C, Baker DR, Bottiglieri TS, et al. Medical retirement from sport 
after concussions: a practical guide for a difficult discussion. Neurol Clin Pract 
2018;8:40–7. 

	 17	 Rivara FP, Tennyson R, Mills B, et al. Consensus statement on sports-related 
concussions in youth sports using a modified Delphi approach. JAMA Pediatr 
2020;174:79. 

	 18	 Northey JM, Cherbuin N, Pumpa KL, et al. Exercise interventions for cognitive 
function in adults older than 50: a systematic review with meta-analysis. Br J Sports 
Med 2018;52:154–60. 

	 19	 Rasmussen M, Laumann K. The academic and psychological benefits of exercise in 
healthy children and adolescents. Eur J Psychol Educ 2013;28:945–62. 

	 20	 Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization 2020 guidelines on 
physical activity and sedentary behaviour. Br J Sports Med 2020;54:1451–62. 

	 21	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. Syst Rev 2021;10. 

	 22	 Schneider KJ, Patricios J, Meeuwisse W. Amsterdam 2022 process: a summary of the 
methodology for the international consensus on concussion in sport. Br J Sports Med 
2023. 

	 23	 Cooper C, Dawson S, Peters J, et al. Revisiting the need for a literature search 
narrative: a brief methodological note. Res Synth Methods 2018;9:361–5. 

	 24	 Ebell MH, Siwek J, Weiss BD, et al. Strength of recommendation Taxonomy (SORT): a 
patient-centered approach to grading evidence in the medical literature. J Am Board 
Fam Med 2004;17:59–67. 

	 25	 Kara S, Crosswell H, Forch K, et al. Less than half of patients recover within 2 weeks 
of injury after a sports-related mild traumatic brain injury: a 2-year prospective study. 
Clin J Sport Med 2020;30:96–101. 

	 26	 Bock S, Grim R, Barron TF, et al. Factors associated with delayed recovery in athletes 
with concussion treated at a pediatric neurology concussion clinic. Childs Nerv Syst 
2015;31:2111–6. 

 on June 14, 2023 at S
w

ansea U
niversity. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2023-106815 on 14 June 2023. D
ow

nloaded from
 

http://orcid.org/0000-0003-0334-7133
http://orcid.org/0000-0001-6803-1231
http://orcid.org/0000-0002-4972-2704
http://orcid.org/0000-0001-8293-4496
http://orcid.org/0000-0001-6116-8462
http://orcid.org/0000-0003-2810-8382
http://orcid.org/0000-0002-0057-1327
http://orcid.org/0000-0003-2231-6770
http://orcid.org/0000-0002-3250-2713
http://orcid.org/0000-0002-5857-909X
http://orcid.org/0000-0002-6829-4098
http://orcid.org/0000-0002-1478-8068
http://orcid.org/0000-0003-2323-2456
http://orcid.org/0000-0002-5951-5899
http://dx.doi.org/10.1001/jamaneurol.2021.2403
http://dx.doi.org/10.1212/WNL.0000000000011850
http://dx.doi.org/10.1089/neu.2016.4413
http://dx.doi.org/10.1123/jsep.35.2.168
http://dx.doi.org/10.3390/ijerph18041582
http://dx.doi.org/10.3390/ijerph18041582
http://dx.doi.org/10.1136/bjsports-2019-100715
http://dx.doi.org/10.1136/bjsports-2019-100671
http://dx.doi.org/10.1007/s40279-016-0492-2
http://dx.doi.org/10.1249/JSR.0000000000000575
http://dx.doi.org/10.1097/JAC.0b013e318249482f
http://dx.doi.org/10.1056/NEJMp1109283
http://dx.doi.org/10.1097/JSM.0b013e3181f3c0fe
http://dx.doi.org/10.1249/MSS.0b013e3182750534
http://dx.doi.org/10.1016/j.pmrj.2011.07.013
http://dx.doi.org/10.1249/JSR.0000000000000098
http://dx.doi.org/10.1212/CPJ.0000000000000424
http://dx.doi.org/10.1001/jamapediatrics.2019.4006
http://dx.doi.org/10.1136/bjsports-2016-096587
http://dx.doi.org/10.1136/bjsports-2016-096587
http://dx.doi.org/10.1007/s10212-012-0148-z
http://dx.doi.org/10.1136/bjsports-2020-102955
http://dx.doi.org/10.1186/s13643-021-01626-4
http://dx.doi.org/10.1136/bjsports-2022-106663
http://dx.doi.org/10.1002/jrsm.1315
http://dx.doi.org/10.3122/jabfm.17.1.59
http://dx.doi.org/10.3122/jabfm.17.1.59
http://dx.doi.org/10.1097/JSM.0000000000000811
http://dx.doi.org/10.1007/s00381-015-2846-8
http://bjsm.bmj.com/


10 of 11 Makdissi M, et al. Br J Sports Med 2023;57:822–830. doi:10.1136/bjsports-2023-106815

Systematic review

	 27	 Thomas DJ, Coxe K, Li H, et al. Length of recovery from sports-related Concussions in 
pediatric patients treated at concussion clinics. Clin J Sport Med 2018;28:56–63. 

	 28	 Haider MN, Cunningham A, Darling S, et al. Derivation of the Buffalo concussion 
physical examination risk of delayed recovery (RDR) score to identify children at risk 
for persistent postconcussive symptoms. Br J Sports Med 2021;55:1427–33. 

	 29	 Emery CA, Warriyar Kv V, Black AM, et al. Factors associated with clinical 
recovery after concussion in youth ice hockey players. Orthop J Sports Med 
2021;9:23259671211013370. 

	 30	 Zynda AJ, Worrall HM, Sabatino MJ, et al. Continued play following adolescent 
sport-related concussion: prospective data from the North Texas concussion Registry 
(ConTex). Appl Neuropsychol Child 2022;11:740–51. 

	 31	 Kontos AP, Jorgensen-Wagers K, Trbovich AM, et al. Association of time since 
injury to the first clinic visit with recovery following concussion. JAMA Neurol 
2020;77:435–40. 

	 32	 Arnold JT, Franklin EV, Baker ZG, et al. Association between fear of pain and 
sports-related concussion recovery in a pediatric population. Clin J Sport Med 
2022;32:369–75. 

	 33	 Kontos AP, Elbin RJ, Sufrinko A, et al. Recovery following sport-related concussion: 
integrating Pre- and Postinjury factors into Multidisciplinary care. J Head Trauma 
Rehabil 2019;34:394–401. 

	 34	 McCrea M, Guskiewicz K, Randolph C, et al. Incidence, clinical course, and predictors 
of prolonged recovery time following sport-related concussion in high school and 
college athletes. J Int Neuropsychol Soc 2013;19:22–33. 

	 35	 Meehan WP, Mannix RC, Stracciolini A, et al. Symptom severity predicts prolonged 
recovery after sport-related concussion, but age and amnesia do not. J Pediatr 
2013;163:721–5. 

	 36	 Fehr SD, Nelson LD, Scharer KR, et al. Risk factors for prolonged symptoms of mild 
traumatic brain injury: a pediatric sports concussion clinic cohort. Clin J Sport Med 
2019;29:11–7. 

	 37	 McGeown JP, Kara S, Fulcher M, et al. Predicting sport-related mTBI symptom 
resolution trajectory using initial clinical assessment findings: a retrospective cohort 
study. Sports Med 2020;50:1191–202. 

	 38	 Corbin-Berrigan L-A, Gagnon I. Postconcussion symptoms as a marker of delayed 
recovery in children and youth who recently sustained a concussion: a brief report. 
Clin J Sport Med 2017;27:325–7. 

	 39	 Wang EX, Hwang CE, Nguyen JN, et al. Factors associated with a prolonged time to 
return to play after a concussion. Am J Sports Med 2022;50:1695–701. 

	 40	 Davis-Hayes C, Gossett JD, Levine WN, et al. Sex-specific outcomes and predictors of 
concussion recovery. J Am Acad Orthop Surg 2017;25:818–28. 

	 41	 Putukian M, Riegler K, Amalfe S, et al. Preinjury and postinjury factors that 
predict sports-related concussion and clinical recovery time. Clin J Sport Med 
2021;31:15–22. 

	 42	 Worts PR, Haider MN, Mason JR, et al. Norm-based cutoffs as predictors of 
prolonged recovery after adolescent sport-related concussion. Clin J Sport Med 
2022;32:e391–9. 

	 43	 Bramley H, Henson A, Lewis MM, et al. Sleep disturbance following concussion is a 
risk factor for a prolonged recovery. Clin Pediatr (Phila) 2017;56:1280–5. 

	 44	 Chung JS, Zynda AJ, Didehbani N, et al. Association between sleep quality 
and recovery following sport-related concussion in pediatrics. J Child Neurol 
2019;34:639–45. 

	 45	 Murdaugh DL, Ono KE, Reisner A, et al. Assessment of sleep quantity and sleep 
disturbances during recovery from sports-related concussion in youth athletes. Arch 
Phys Med Rehabil 2018;99:960–6. 

	 46	 Corwin DJ, Zonfrillo MR, Master CL, et al. Characteristics of prolonged concussion 
recovery in a pediatric subspecialty referral population. J Pediatr 2014;165:1207–15. 

	 47	 Anzalone AJ, Blueitt D, Case T, et al. A positive Vestibular/Ocular Motor Screening 
(VOMS) is associated with increased recovery time after sports-related concussion in 
youth and adolescent athletes. Am J Sports Med 2017;45:474–9. 

	 48	 Corwin DJ, Wiebe DJ, Zonfrillo MR, et al. Vestibular deficits following youth 
concussion. J Pediatr 2015;166:1221–5. 

	 49	 Ellis MJ, Cordingley DM, Vis S, et al. Clinical predictors of vestibulo-ocular 
dysfunction in pediatric sports-related concussion. J Neurosurg Pediatr 
2017;19:38–45. 

	 50	 Glendon K, Blenkinsop G, Belli A, et al. Does Vestibular-Ocular-Motor (VOM) 
impairment affect time to return to play, symptom severity, Neurocognition 
and academic ability in student-athletes following acute concussion. Brain Inj 
2021;35:788–97. 

	 51	 Knell G, Caze T, Burkhart SO. Evaluation of the vestibular and ocular 
motor screening (VOMS) as a prognostic tool for protracted recovery 
following Paediatric sports-related concussion. BMJ Open Sport Exerc Med 
2021;7:e000970. 

	 52	 Martinez C, Christopherson Z, Lake A, et al. Clinical examination factors that predict 
delayed recovery in individuals with concussion. Arch Physiother 2020;10:10. 

	 53	 Price AM, Knell G, Caze TJ 2nd, et al. Exploring vestibular/ocular and cognitive 
dysfunction as prognostic factors for protracted recovery in sports-related concussion 
patients aged 8 to 12 years. Clin J Sport Med 2022;32:408–14. 

	 54	 Sinnott AM, Elbin RJ, Collins MW, et al. Persistent vestibular-ocular impairment 
following concussion in adolescents. J Sci Med Sport 2019;22:1292–7. 

	 55	 Whitney SL, Eagle SR, Marchetti G, et al. Association of acute vestibular/ocular motor 
screening scores to prolonged recovery in collegiate athletes following sport-related 
concussion. Brain Inj 2020;34:840–5. 

	 56	 Mondello S, Guedes VA, Lai C, et al. Sex differences in circulating T-Tau 
Trajectories after sports-concussion and correlation with outcome. Front Neurol 
2020;11:101546899. 

	 57	 Fedorchak G, Rangnekar A, Onks C, et al. Saliva RNA biomarkers predict concussion 
duration and detect symptom recovery: a comparison with balance and cognitive 
testing. J Neurol 2021;268:4349–61. 

	 58	 Barlow KM, Iyer K, Yan T, et al. Cerebral blood flow predicts recovery in children with 
persistent post-concussion symptoms after mild traumatic brain injury.  
J Neurotrauma 2021;38:2275–83. 

	 59	 Churchill NW, Hutchison MG, Graham SJ, et al. Cerebrovascular reactivity after 
sport concussion: from acute injury to 1 year after medical clearance. Front Neurol 
2020;11:558. 

	 60	 Churchill NW, Hutchison MG, Graham SJ, et al. Long-term changes in the small-
world organization of brain networks after concussion. Sci Rep 2021;11:6862. 

	 61	 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. 

	 62	 Lovell MR, Pardini JE, Welling J, et al. Functional brain abnormalities are 
related to clinical recovery and time to return-to-play in athletes. Neurosurgery 
2007;61:352–9. 

	 63	 Wu Y-C, Harezlak J, Elsaid NMH, et al. Longitudinal white-matter abnormalities in 
sports-related concussion: a diffusion MRI study. Neurology 2020;95:e781–92. 

	 64	 Shahim P, Politis A, van der Merwe A, et al. Neurofilament light as a biomarker in 
traumatic brain injury. Neurology 2020;95:e610–22. 

	 65	 Vedung F, Hänni S, Tegner Y, et al. Concussion incidence and recovery in Swedish 
elite Soccer - prolonged recovery in female players. Scand J Med Sci Sports 
2020;30:947–57. 

	 66	 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. 

	 67	 Hannah TC, Li AY, Spiera Z, et al. Sex-related differences in the incidence, severity, 
and recovery of concussion in adolescent student-athletes between 2009 and 2019. 
Am J Sports Med 2021;49:1929–37. 

	 68	 Teel EF, Marshall SW, Shankar V, et al. Predicting recovery patterns after sport-related 
concussion. J Athl Train 2017;52:288–98. 

	 69	 Zemek R, Osmond MH, Barrowman N, et al. Predicting and preventing 
Postconcussive problems in paediatrics (5p) study: protocol for a prospective 
Multicentre clinical prediction rule derivation study in children with concussion. BMJ 
Open 2013;3:e003550. 

	 70	 Schneider KJ, Critchley M, Anderson V. Targeted interventions and their effect on 
recovery in children, adolescents and adults who have suffered a sport-related 
concussion: a systematic review. Br J Sports Med 2023. 

	 71	 Yeates KO, Räisänen AM, Premji Z. What tests and measures accurately diagnose 
persisting post-concussive symptoms in children, adolescents and adults following 
sport-related concussion? A systematic review. Br J Sports Med 2023. 

	 72	 Lassman ME, Rathwell S, Black AM, et al. Exploring student-athletes’ perceptions 
of their psychological readiness to return to sport following a concussion. Sport, 
Exercise, and Performance Psychology 2022;11:444–58. 

	 73	 van Ierssel J, Pennock KF, Sampson M, et al. Which psychosocial factors are 
associated with return to sport following concussion? A systematic review. J Sport 
Health Sci 2022;11:438–49. 

	 74	 Saadi A, Himmelstein DU, Woolhandler S, et al. Racial disparities in 
neurologic health care access and utilization in the United States. Neurology 
2017;88:2268–75. 

	 75	 Iverson G. Possible long-term effects of participation in contact and collision sports 1 
on brain health: a systematic review. Br J Sports Med 2023. 

	 76	 Lee I-M, Shiroma EJ, Lobelo F, et al. Effect of physical inactivity on major non-
Communicable diseases worldwide: an analysis of burden of disease and life 
expectancy. Lancet 2012;380:219–29. 

	 77	 Lobelo F, Rohm Young D, Sallis R, et al. Routine assessment and promotion of 
physical activity in Healthcare settings: a scientific statement from the American 
heart Association. Circulation 2018;137:e495–522. 

	 78	 Thompson WR, Sallis R, Joy E, et al. Exercise is medicine. Am J Lifestyle Med 
2020;14:511–23. 

	 79	 Turner M, Maddocks D, Hassan M, et al. Consent, capacity and compliance in 
concussion management: cave Ergo Medicus (let the doctor beware). Br J Sports 
Med 2021;55:539–44. 

	 80	 Chang C, Putukian M, Aerni G, et al. Mental health issues and psychological factors 
in athletes: detection, management, effect on performance and prevention: American 
Medical society for sports medicine position statement—executive summary. Br J 
Sports Med 2020;54:216–20. 

	 81	 Stambulova NB, Ryba TV, Henriksen K. Career development and transitions of 
athletes: the International society of sport psychology position stand revisited. Int J 
Sport Exerc Psychol 2021;19:524–50. 

 on June 14, 2023 at S
w

ansea U
niversity. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2023-106815 on 14 June 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1097/JSM.0000000000000413
http://dx.doi.org/10.1136/bjsports-2020-103690
http://dx.doi.org/10.1177/23259671211013370
http://dx.doi.org/10.1080/21622965.2021.1957677
http://dx.doi.org/10.1001/jamaneurol.2019.4552
http://dx.doi.org/10.1097/JSM.0000000000000951
http://dx.doi.org/10.1097/HTR.0000000000000536
http://dx.doi.org/10.1097/HTR.0000000000000536
http://dx.doi.org/10.1017/S1355617712000872
http://dx.doi.org/10.1016/j.jpeds.2013.03.012
http://dx.doi.org/10.1097/JSM.0000000000000494
http://dx.doi.org/10.1007/s40279-019-01240-4
http://dx.doi.org/10.1097/JSM.0000000000000355
http://dx.doi.org/10.1177/03635465221083646
http://dx.doi.org/10.5435/JAAOS-D-17-00276
http://dx.doi.org/10.1097/JSM.0000000000000705
http://dx.doi.org/10.1097/JSM.0000000000000952
http://dx.doi.org/10.1177/0009922816681603
http://dx.doi.org/10.1177/0883073819849741
http://dx.doi.org/10.1016/j.apmr.2018.01.005
http://dx.doi.org/10.1016/j.apmr.2018.01.005
http://dx.doi.org/10.1016/j.jpeds.2014.08.034
http://dx.doi.org/10.1177/0363546516668624
http://dx.doi.org/10.1016/j.jpeds.2015.01.039
http://dx.doi.org/10.3171/2016.7.PEDS16310
http://dx.doi.org/10.1080/02699052.2021.1911001
http://dx.doi.org/10.1136/bmjsem-2020-000970
http://dx.doi.org/10.1186/s40945-020-00081-z
http://dx.doi.org/10.1097/JSM.0000000000000975
http://dx.doi.org/10.1016/j.jsams.2019.08.004
http://dx.doi.org/10.1080/02699052.2020.1755055
http://dx.doi.org/10.3389/fneur.2020.00651
http://dx.doi.org/10.1007/s00415-021-10566-x
http://dx.doi.org/10.1089/neu.2020.7566
http://dx.doi.org/10.1089/neu.2020.7566
http://dx.doi.org/10.3389/fneur.2020.00558
http://dx.doi.org/10.1038/s41598-021-85811-4
http://dx.doi.org/10.1089/neu.2010.1430
http://dx.doi.org/10.1227/01.NEU.0000279985.94168.7F
http://dx.doi.org/10.1212/WNL.0000000000009930
http://dx.doi.org/10.1212/WNL.0000000000009983
http://dx.doi.org/10.1111/sms.13644
http://dx.doi.org/10.1001/jama.290.19.2549
http://dx.doi.org/10.1177/03635465211008596
http://dx.doi.org/10.4085/1062-6050-52.1.12
http://dx.doi.org/10.1136/bmjopen-2013-003550
http://dx.doi.org/10.1136/bmjopen-2013-003550
http://dx.doi.org/10.1136/bjsports-2022-106685
http://dx.doi.org/10.1136/bjsports-2022-106657
http://dx.doi.org/10.1037/spy0000309
http://dx.doi.org/10.1037/spy0000309
http://dx.doi.org/10.1016/j.jshs.2022.01.001
http://dx.doi.org/10.1016/j.jshs.2022.01.001
http://dx.doi.org/10.1212/WNL.0000000000004025
http://dx.doi.org/10.1136/bjsports-2023-106890
http://dx.doi.org/10.1016/S0140-6736(12)61031-9
http://dx.doi.org/10.1161/CIR.0000000000000559
http://dx.doi.org/10.1177/1559827620912192
http://dx.doi.org/10.1136/bjsports-2020-102108
http://dx.doi.org/10.1136/bjsports-2020-102108
http://dx.doi.org/10.1136/bjsports-2019-101583
http://dx.doi.org/10.1136/bjsports-2019-101583
http://dx.doi.org/10.1080/1612197X.2020.1737836
http://dx.doi.org/10.1080/1612197X.2020.1737836
http://bjsm.bmj.com/


11 of 11Makdissi M, et al. Br J Sports Med 2023;57:822–830. doi:10.1136/bjsports-2023-106815

Systematic review

	 82	 Eliason P, Galarneau J, Emery CA. Prevention strategies and Modifiable risk factors 
for sport-related Concussions and head impacts: a systematic review and meta-
analysis. Br J Sports Med 2023. 

	 83	 Kriz PK, Stein C, Kent J, et al. Physical maturity and concussion symptom duration 
among adolescent ice hockey players. J Pediatr 2016;171:234–9. 

	 84	 Aggarwal SS, Ott SD, Padhye NS, et al. Clinical and demographic predictors of 
concussion resolution in adolescents: a retrospective study. Appl Neuropsychol Child 
2019;8:50–60. 

	 85	 Asplund CA, McKeag DB, Olsen CH. Sport-related concussion: factors associated 
with prolonged return to play. Clin J Sport Med 2004;14:339–43. 

	 86	 Bressan S, Clarke CJ, Anderson V, et al. Use of the sport concussion assessment tools 
in the emergency department to predict persistent post-concussive symptoms in 
children. J Paediatr Child Health 2020;56:1249–56. 

	 87	 Lau BC, Collins MW, Lovell MR. Cutoff scores in Neurocognitive testing and 
symptom clusters that predict protracted recovery from concussions in high school 
athletes. Neurosurgery 2012;70:371–9. 

	 88	 Morgan CD, Zuckerman SL, Lee YM, et al. Predictors of postconcussion syndrome 
after sports-related concussion in young athletes: a matched case-control study.  
J Neurosurg Pediatr 2015;15:589–98. 

	 89	 Desai N, Wiebe DJ, Corwin DJ, et al. Factors affecting recovery Trajectories in 
pediatric female concussion. Clin J Sport Med 2019;29:361–7. 

	 90	 Elbin RJ, Sufrinko A, Schatz P, et al. Removal from play after concussion and recovery 
time. Pediatrics 2016;138:e20160910. 

	 91	 Heyer GL, Schaffer CE, Rose SC, et al. Specific factors influence postconcussion 
symptom duration among youth referred to a sports concussion clinic. J Pediatr 
2016;174:33–8. 

	 92	 Miller JH, Gill C, Kuhn EN, et al. Predictors of delayed recovery following pediatric 
sports-related concussion: a case-control study. J Neurosurg Pediatr 2016;17:491–6. 

	 93	 Asken BM, McCrea MA, Clugston JR, et al. Playing through it": delayed reporting 
and removal from athletic activity after concussion predicts prolonged recovery.  
J Athl Train 2016;51:329–35. 

	 94	 Berz K, Divine J, Foss KB, et al. Sex-specific differences in the severity of symptoms 
and recovery rate following sports-related concussion in young athletes. Phys 
Sportsmed 2013;41:58–63. 

	 95	 Howell DR, O’Brien MJ, Beasley MA, et al. Initial somatic symptoms are associated 
with prolonged symptom duration following concussion in adolescents. Acta 
Paediatr 2016;105:e426–32. 

	 96	 Ono KE, Burns TG, Bearden DJ, et al. Sex-based differences as a predictor of recovery 
Trajectories in young athletes after a sports-related concussion. Am J Sports Med 
2016;44:748–52. 

	 97	 Schmidt JD, Rawlins MLW, Lynall RC, et al. Medical disqualification following 
concussion in collegiate student-athletes: findings from the CARE consortium. Sports 
Med 2020;50:1843–55. 

	 98	 Wilmoth K, Curcio N, Tarkenton T, et al. Utility of brief psychological measures for 
prediction of prolonged symptom clearance in concussed student athletes. Arch Clin 
Neuropsychol 2021;36:430–6. 

	 99	 Barker T, Russo SA, Barker G, et al. A case matched study examining the reliability of 
using impact to assess effects of multiple concussions. BMC Psychol 2017;5:14. 

	100	 Broglio SP, McAllister T, Katz BP, et al. The natural history of sport-related concussion 
in collegiate athletes: findings from the NCAA-Dod CARE consortium. Sports Med 
2022;52:403–15. 

	101	 Covassin T, Stearne D, Elbin R. Concussion history and postconcussion 
neurocognitive performance and symptoms in collegiate athletes. J Athl Train 
2008;43:119–24. 

	102	 Guskiewicz KM, Marshall SW, Bailes J, et al. Association between recurrent 
concussion and late-life cognitive impairment in retired professional football players. 
Neurosurgery 2005;57:719–26. 

	103	 Cook NE, Iverson GL, Maxwell B, et al. Adolescents with ADHD do not take longer to 
recover from concussion. Front Pediatr 2020;8:101615492. 

	104	 Currie DW, Comstock RD, Fields SK, et al. A paired comparison of initial and 
recurrent concussions sustained by US high school athletes within a single athletic 
season. J Head Trauma Rehabil 2017;32:90–7. 

	105	 Kinney AR, Anderson D, Stearns-Yoder KA, et al. Risk and recovery among high 
school athletes who sustained at least one sports-related concussion. Concussion 
2020;5:CNC72. 

	106	 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;39:2311–8. 

	107	 Mautner K, Sussman WI, Axtman M, et al. Relationship of attention deficit 
hyperactivity disorder and postconcussion recovery in youth athletes. Clin J Sport 
Med 2015;25:355–60. 

	108	 Terry DP, Huebschmann NA, Maxwell BA, et al. Preinjury migraine history as a risk 
factor for prolonged return to school and sports following concussion.  
J Neurotrauma 2018;36:142–51. 

	109	 Ali M, Asghar N, Li A, et al. Incidence of concussion and recovery of Neurocognitive 
dysfunction on impact assessment among youth athletes with Premorbid depression 
or anxiety taking antidepressants. J Neurosurg Pediatr 2021:1–7. 

	110	 Legarreta AD, Brett BL, Solomon GS, et al. The role of family and personal psychiatric 
history in postconcussion syndrome following sport-related concussion: a story of 
compounding risk. J Neurosurg Pediatr 2018;22:238–43. 

	111	 Martin AK, Petersen AJ, Sesma HW, et al. Concussion Symptomology and recovery 
in children and adolescents with pre-existing anxiety. J Neurol Neurosurg Psychiatry 
2020;91:1060–6. 

	112	 Kent M, Brilliant A, Erickson K, et al. Symptom presentation after 
concussion and pre-existing anxiety among youth athletes. Int J Sports Med 
2020;41:682–7. 

	113	 Teel EF, Caron JG, Gagnon IJ. Higher parental stress is significantly related to longer 
clinical recovery times in concussed children: a mixed-methods study. J Sci Med 
Sport 2022;25:108–14. 

	114	 Charek DB, Elbin RJ, Sufrinko A, et al. Preliminary evidence of a dose-response 
for continuing to play on recovery time after concussion. J Head Trauma Rehabil 
2020;35:85–91. 

	115	 Hiploylee C, Dufort PA, Davis HS, et al. Longitudinal study of postconcussion 
syndrome: not everyone recovers. J Neurotrauma 2017;34:1511–23. 

	116	 Kontos AP, Elbin RJ, Lau B, et al. Posttraumatic migraine as a Predictor of recovery 
and cognitive impairment after sport-related concussion. Am J Sports Med 
2013;41:1497–504. 

	117	 Eagle SR, Womble MN, Elbin RJ, et al. Concussion symptom cutoffs for identification 
and prognosis of sports-related concussion: role of time since injury. Am J Sports 
Med 2020;48:2544–51. 

	118	 Ernst N, Eagle S, Trbovich A, et al. Lower post-injury psychological resilience is 
associated with increased recovery time and symptom burden following sport-
related concussion. Appl Neuropsychol Child 2022;11:781–8. 

	119	 DuPrey KM, Webner D, Lyons A, et al. Convergence insufficiency identifies athletes 
at risk of prolonged recovery from sport-related concussion. Am J Sports Med 
2017;45:2388–93. 

	120	 Howell DR, Oldham J, Lanois C, et al. Dual-task gait recovery after 
concussion among female and male collegiate athletes. Med Sci Sports Exerc 
2020;52:1015–21. 

	121	 Iverson G. Predicting slow recovery from sport-related concussion: the new simple-
complex distinction. Clin J Sport Med 2007;17:31–7. 

	122	 Orr R, Bogg T, Fyffe A, et al. Graded exercise testing predicts recovery trajectory of 
concussion in children and adolescents. Clin J Sport Med 2021;31:23–30. 

	123	 Howell DR, Zemek R, Brilliant AN, et al. Identifying persistent postconcussion 
symptom risk in a pediatric sports medicine clinic. Am J Sports Med 
2018;46:3254–61. 

	124	 McDevitt J, Rubin LH, De Simone FI, et al. Association between (GT)N promoter 
polymorphism and recovery from concussion: a pilot study. J Neurotrauma 
2020;37:1204–10. 

	125	 Shahim P, Tegner Y, Gustafsson B, et al. Neurochemical aftermath of repetitive mild 
traumatic brain injury. JAMA Neurol 2016;73:1308–15. 

	126	 Brett BL, Bobholz SA, España LY, et al. Cumulative effects of prior concussion and 
primary sport participation on brain Morphometry in collegiate athletes: a study from 
the NCAA-Dod CARE consortium. Front Neurol 2020;11:101546899. 

	127	 Panwar J, Hsu C-T, Tator CH, et al. Magnetic resonance imaging criteria for post-
concussion syndrome: a study of 127 post-concussion syndrome patients.  
J Neurotrauma 2020;37:1190–6. 

	128	 Bonow RH, Friedman SD, Perez FA, et al. Prevalence of abnormal magnetic 
resonance imaging findings in children with persistent symptoms after pediatric 
sports-related concussion. J Neurotrauma 2017;34:2706–12. 

	129	 Bartnik-Olson BL, Holshouser B, Wang H, et al. Impaired neurovascular unit function 
contributes to persistent symptoms after concussion: a pilot study. J Neurotrauma 
2014;31:1497–506. 

	130	 Sharma A, Hind K, Hume P, et al. Neurovascular coupling by functional near infra-red 
spectroscopy and sport-related concussion in retired Rugby players: The UK Rugby 
health project. Front Hum Neurosci 2020;14:101477954. 

	131	 Abrahams S, Mc Fie S, Patricios J, et al. Toxic Tau: The TAU Gene Polymorphisms 
associate with concussion history in Rugby Union players. J Sci Med Sport 
2019;22:22–8. 

	132	 Abrahams S, McFie S, Lacerda M, et al. Unravelling the interaction between the 
DRD2 and DRD4 genes, personality traits and concussion risk. BMJ Open Sport Exerc 
Med 2019;5. 

 on June 14, 2023 at S
w

ansea U
niversity. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2023-106815 on 14 June 2023. D
ow

nloaded from
 

http://dx.doi.org/bjsports-2022-106656
http://dx.doi.org/10.1016/j.jpeds.2015.12.006
http://dx.doi.org/10.1080/21622965.2017.1381099
http://dx.doi.org/10.1097/00042752-200411000-00003
http://dx.doi.org/10.1111/jpc.14910
http://dx.doi.org/10.1227/NEU.0b013e31823150f0
http://dx.doi.org/10.3171/2014.10.PEDS14356
http://dx.doi.org/10.3171/2014.10.PEDS14356
http://dx.doi.org/10.1097/JSM.0000000000000646
http://dx.doi.org/10.1542/peds.2016-0910
http://dx.doi.org/10.1016/j.jpeds.2016.03.014
http://dx.doi.org/10.3171/2015.8.PEDS14332
http://dx.doi.org/10.4085/1062-6050-51.5.02
http://dx.doi.org/10.4085/1062-6050-51.5.02
http://dx.doi.org/10.3810/psm.2013.05.2015
http://dx.doi.org/10.3810/psm.2013.05.2015
http://dx.doi.org/10.1111/apa.13486
http://dx.doi.org/10.1111/apa.13486
http://dx.doi.org/10.1177/0363546515617746
http://dx.doi.org/10.1007/s40279-020-01302-y
http://dx.doi.org/10.1007/s40279-020-01302-y
http://dx.doi.org/10.1093/arclin/acz061
http://dx.doi.org/10.1093/arclin/acz061
http://dx.doi.org/10.1186/s40359-017-0184-1
http://dx.doi.org/10.1007/s40279-021-01541-7
http://dx.doi.org/10.4085/1062-6050-43.2.119
http://dx.doi.org/10.1093/neurosurgery/57.4.719
http://dx.doi.org/10.3389/fped.2020.606879
http://dx.doi.org/10.1097/HTR.0000000000000240
http://dx.doi.org/10.2217/cnc-2020-0002
http://dx.doi.org/10.1177/0363546511410655
http://dx.doi.org/10.1097/JSM.0000000000000151
http://dx.doi.org/10.1097/JSM.0000000000000151
http://dx.doi.org/10.1089/neu.2017.5443
http://dx.doi.org/10.1089/neu.2017.5443
http://dx.doi.org/10.3171/2020.11.PEDS20821
http://dx.doi.org/10.3171/2018.3.PEDS1850
http://dx.doi.org/10.1136/jnnp-2020-323137
http://dx.doi.org/10.1055/a-1107-3025
http://dx.doi.org/10.1016/j.jsams.2021.08.014
http://dx.doi.org/10.1016/j.jsams.2021.08.014
http://dx.doi.org/10.1097/HTR.0000000000000476
http://dx.doi.org/10.1089/neu.2016.4677
http://dx.doi.org/10.1177/0363546513488751
http://dx.doi.org/10.1177/0363546520937291
http://dx.doi.org/10.1177/0363546520937291
http://dx.doi.org/10.1080/21622965.2021.1964966
http://dx.doi.org/10.1177/0363546517705640
http://dx.doi.org/10.1249/MSS.0000000000002225
http://dx.doi.org/10.1097/JSM.0b013e3180305e4d
http://dx.doi.org/10.1097/JSM.0000000000000683
http://dx.doi.org/10.1177/0363546518796830
http://dx.doi.org/10.1089/neu.2019.6590
http://dx.doi.org/10.1001/jamaneurol.2016.2038
http://dx.doi.org/10.3389/fneur.2020.00673
http://dx.doi.org/10.1089/neu.2019.6809
http://dx.doi.org/10.1089/neu.2019.6809
http://dx.doi.org/10.1089/neu.2017.4970
http://dx.doi.org/10.1089/neu.2013.3213
http://dx.doi.org/10.3389/fnhum.2020.00042
http://dx.doi.org/10.1016/j.jsams.2018.06.012
http://dx.doi.org/10.1136/bmjsem-2018-000465
http://dx.doi.org/10.1136/bmjsem-2018-000465
http://bjsm.bmj.com/

	When should an athlete retire or discontinue participating in contact or collision sports following sport-­related concussion? A systematic review
	Abstract
	Introduction﻿﻿
	Methods
	Equity, diversity and inclusion statement

	Results
	Discussion
	Medical ethical and legal considerations
	Further considerations and future research
	Review limitations
	Key recommendations (box)

	Conclusion
	References


