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eTable 1. Search Criteria 
 

No. Question Databases Search Terms* Inclusion Criteria** 
Exclusion 
Criteria*** 

Number of 
studies 
included 

1 

What is the risk of concussion 
in youth sport participants by 
sport, sex, level of play, and 
age, stated as concussions per 
100 participants per season, 
per 1000 participant exposures 
or some other rate? 

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"concussion", "rates", 
"risk", "sports", "youth" 
(Included in all 
searches below) 

Original analysis; Peer-
reviewed publication; Reports 
concussions rates or risks for 
athletes younger than 19 
years old (or rates for under 
19 were clearly separable 
from older athletes based on 
data provided in publication) 

Athletes older 
than 19 years 
of age, did not 
report rate or 
risk, 
Conference 
abstracts 

140 

Is this risk modified by sex, 
ADHD, prior learning problems, 
pre-existing anxiety and/or 
depression?” 

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"concussion", "rates", 
"risk", "sports", 
"youth","sex", 
"gender", "learning 
problems", 
"depression", 
"anxiety", "mental 
health", "modifier", 
"modified" 

Includes either a formal 
statistical test or clear 
comparison between rates 
over a potential modifying 
factor (e.g. sex, mental health 
status, etc.) 

No clear 
comparison or 
formal 
statistical test 
of a potential 
modifier of 
risk 
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No. Question Databases Search Terms* Inclusion Criteria** 
Exclusion 
Criteria*** 

Number of 
studies 
included 

2 

What is the evidence that a 
specific age or time in the 
growth and development of 
children is safer, in terms of 
lower risk of concussion and 
lower risk of mid and long-term 
problems, for introducing them 
to contact or collision sports? 

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"development", "age", 
"contact sport", 
"contact sports", 
"collision sport", 
"collision sports", "age 
at first exposure" 

Reported a formal statistical 
test or presented a clear 
comparison between ages 
with regards to: rates or risk 
of concussion, concussion 
symptoms, and recovery from 
concussion; reported a formal 
statistical test or presented a 
clear comparison between 
ages of introduction to 
contact or collision sports and 
health, including self-report 
(or familal report) and formal 
medical diagnosis (either 
from study personnel or 
medical records) 

No clear 
comparison or 
formal 
statistical test 
of age and 
rates or risk of 
concussion, or 
no clear 
comparison or 
formal 
statistical test 
of age at first 
introduction to 
contact or 
collision 
sports and 
health 

23 

 What evidence exists for the 
developmental readiness of 
children to learn and perform 
proper contact-related 
techniques safely? 

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"techniques", 
"developmental 
readiness", "age" 

Compared rates/risks 
between youth athletes who 
underwent specific training 
and those who did not 

No 
comparison 
between 
groups 
(whether 
distinct or 
paired with 
data from 
themselves) 
with regards 
to fidelity of 
learned 
techniques or 
changes in 
rates or risks 
of concussion 
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No. Question Databases Search Terms* Inclusion Criteria** 
Exclusion 
Criteria*** 

Number of 
studies 
included 

3 

What evidence exists to 
suggest that employing 
modified sports rules, policies 
and practices (e.g., field size, 
equipment, rules of play, size of 
balls, team size, coaching 
practices) will make 
“developmental sports leagues” 
safer for children and 
adolescents, especially with 
regard to concussions?  

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"field size", 
"equipment", "helmet", 
"ball size", "team 
size", "coaching 
training", "coaching 
practices", "coaches", 
"coaching", "rules", 
"policies" 

Formal statistical test or clear 
comparison between rates 
and risk of concussion across 
different rules, policies, and 
practices 

No formal 
statistical test 
or clear 
comparison 

17 

What evidence exists that 
teaching contact/collision 
techniques (e.g. making and 
taking tackles) at a younger 
age, improves efficacy and 
diminishes injury risk? 

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"age", "techniques",  Formal statistical test or clear 
comparison between rates 
and risk of concussion and: 
age at introduction to contact 
or collision, age at 
introduction to specific 
technique training (e.g. 
Heads Up Football) 

No formal 
statistical test 
or clear 
comparison 
between ages 
or technique 
training 
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No. Question Databases Search Terms* Inclusion Criteria** 
Exclusion 
Criteria*** 

Number of 
studies 
included 

4 

What evidence exists to 
suggest that (a) repetitive head 
impact exposure incurred 
during youth participation in 
collision/contact sports results 
in long-term cognitive and 
neurological harm (e.g., 
prolonged recovery from 
concussion, cognitive 
impairment, mental health 
problems including depression 
and anxiety, chronic 
headaches, and chronic 
degenerative neurological 
diseases seen on imaging or at 
autopsy such as chronic 
traumatic encephalopathy)? 

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"repetitive head 
impact", 
"subconcussive 
blows", "harm", 
"recovery", "mental 
health", "depression", 
"anxiety", 
"psychiatric", 
"headaches", 
"neurological 
disease", 
"neuroimaging", 
"chronic traumatic 
encephalopathy", 
"health", "neurological 
health" 

Formal statistical tests or 
clear comparisons between 
youth with differing 
exposures to repetitive head 
impact exposure, either 
through sport type, length of 
time playing a sport, age at 
introduction to a sport, 
estimated exposure over 
time. Dependent variable is 
health 

No measure 
of exposure, 
no measures 
of health 

49 
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No. Question Databases Search Terms* Inclusion Criteria** 
Exclusion 
Criteria*** 

Number of 
studies 
included 

What evidence exists to 
suggest that (b) multiple 
documented concussions 
incurred during youth 
participation in collision/contact 
sports results in long-term 
cognitive and neurological harm 
(e.g., prolonged recovery from 
concussion, cognitive 
impairment, mental health 
problems including depression 
and anxiety, chronic 
headaches, and chronic 
degenerative neurological 
diseases seen on imaging or at 
autopsy such as chronic 
traumatic encephalopathy)? 

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"multiple 
concussions", 
"concussions", 
"diagnosed 
concussions", "harm", 
"recovery", "mental 
health", "depression", 
"anxiety", 
"psychiatric", 
"headaches", 
"neurological 
disease", 
"neuroimaging", 
"chronic traumatic 
encephalopathy", 
"health", "neurological 
health" 

Formal statistical tests or 
clear comparisons between 
youth with differing numbers 
of diagnosed or self-reported 
concussions; health is the 
dependent variable 

No formal 
statistical test 
or clear 
comparison 
on number of 
concussions 

5 

What is the evidence that 
equipment can reduce the risk 
of concussion in youth 
athletes? 

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"equipment", 
"headgear", "helmet", 
"protective 
equipment", "risk 
homeostasis" 

Comparison between specific 
equipment variable (e.g. 
helmet type, headgear vs. no 
headgear) and rates or risks 
of concussion 

No formal 
statistical test 
or clear 
comparison 

18 

6 

What proportion of 
contact/collision sport athletes 
go on to participate in non-
contact sports after 
contact/collision options are 
removed? 

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"contact", "collision", 
"non-contact", "non-
collision", "options", 
"flag football", 
"removed" 

Include measures of a single 
population (real or 
synthesized), compare rates 
playing a contact/collision or 
non-contact/non-collision 
before and after removal of 
sport, comparison between 
two similar populations 

No measure 
of total 
population, no 
individual-
level data on 
sports 
participation, 
no changes 
over time 

6 
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No. Question Databases Search Terms* Inclusion Criteria** 
Exclusion 
Criteria*** 

Number of 
studies 
included 

7 

What is the evidence to 
recommend youth player 
retirement (or redirection to 
other sports) in the setting of 
multiple concussions? 

PubMed, 
Embase, 
PsycInfo, 
CINAHL 

"retirement", "youth", 
"youth sports", 
"sports", "redirection", 
"concussions", 
"multiple 
concussions", "Cantu 
algorithm", "contact 
sports", "collision 
sports", "brain" 

Expert or panel opinion, 
discussed retirement decision 
making algorithms or 
processes 

Not centered 
on sports-
related 
concussions 
or decision 
making for 
youth athletes 

12 

* Searches included some combination of these terms or the appropriate MeSH terms depending on database searched  
** All studies needed to focus on athletes that were 19 years or younger, or they had to focus on exposures that occurred when athletes were 19 years or 
younger; Only original, peer-reviewed analyses unless otherwise stated 

 

*** Conference abstracts or presentations were not accepted in the reviews of any questions  
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eAppendix. Delphi Consensus Document Appendix of Narrative Findings 

Question 1 
“What is the risk of concussion in youth sport participants by sport, gender, level of play, and age, stated as 

concussions per 100 participants per season, per 1000 participant exposures or some other rate?  Is this risk modified 
by gender, sex, ADHD, prior learning problems, pre-existing anxiety and/or depression?” 

 
Findings 
Overall Rates and Notes 

The overall median risk of experiencing a sports-related concussion as a youth participant is approximately 
0.230 per 1,000 Athlete Exposures (AE’s) (Interquartile range: 0.100-0.540). Risk is higher in competition (median: 
0.580/1,000 AE’s; 0.153-1.500) compared to practice (0.130/1,000 AE’s; 0.045-0.297), and varies considerably 
across sports (note: these rates are unadjusted for sample size of individual studies and time period in which they 
were published). The number of rates published in peer-reviewed studies has grown considerably over the past two 
decades (Figure A1.1), so knowledge of which players are at risk and to what extent is much more complete than 
even a few years ago. However, as the current literature is described below, it is important to note that comparisons 
of SRC risk across modifying factors such as sport, age, and sex are not entirely straightforward. This is due in part 
to differences in calculating rates across studies (e.g. using 1,000 Player Hours or Percent of total athletes surveyed), 
differences in concussion measurement and assessment across time (i.e. secular increases in reported SRCs) and 
space (i.e. influences of local cultures on reporting SRC symptoms), and differences in gameplay (i.e. are AE’s in 
American football comparable to AE’s in rugby and Taekwondo?). Work on clarifying these and related issues is 
important moving forward. 
Overall sports 

Our review of the literature found the highest reported risk of SRC in Martial Arts and Rugby followed by 
American Football, Boys Ice Hockey, Girls Soccer, and Boys Lacrosse with the specific order of these sports 
depending on the study and rate type reviewed (Figure A1.2; Tables 1.1 and 1.2). For example, American Football 
has the third highest SRCs per 1,000 Game Exposures (1.987) while Boys’ Ice Hockey has the third highest SRCs 
per 1,000 Athlete Exposures (1.390) (Tables 1.1 and 1.2). This pattern holds when reviewing studies on children 
under the age of 13 (Table 1.3), but the number of published rates is much smaller and rates more uncertain. 
Sex comparisons 

Males have higher levels of median risk compared to females when all sports are reviewed (overall 
concussion rates: 0.245/1,000 AE’s and 0.182/1,000 AE’s, respectively). However, when sports with comparable 
rules and gameplay are considered, females have higher risk than males (0.474/1,000 AE’s compared to 0.157/1,000 
AE’s). The reasons for this difference are unclear, but it may be related to the proportion of hits that are unexpected 
during gameplay, differences in neck strength, connections between gender roles/identity and symptom reporting, 
and other related factors (see 1 & 2 for more discussions of these potential moderating factors). 
Age and levels comparisons 

Comparisons between levels of play and across ages are difficult because they are inconsistently defined 
throughout the literature. This is due in part to the smaller number of studies investigating SRC risk in children 
younger than 13 years of age but also due to differences across countries, differences across sports, rule changes 
within a sport depending on age, and rule changes over time. For example, many US high school students play ice 
hockey for their high schools whereas high school students in Canada are more likely to play in leagues that include 
adults (i.e. Junior leagues). Further, ice hockey has “PeeWee” for ages 11-12 and “Bantam” levels for ages 13-14, 
while American football has “middle school” and “high school” leagues. Body checking is introduced in 
adolescence in ice hockey whereas football and rugby often allow contact at younger ages. Lastly, age groups and 
their associated rules change over time, as when Hockey Canada altered its age categories for Atom and PeeWee in 
the early 2000s (e.g. 3). 

This being said, there are studies examining SRC risk across multiple ages and levels of play 
simultaneously. Some of these studies have reported that older youth are at increased risk of concussion 4, 5, 6, 7, 8, 9, 10, 

11, while others have failed to find a significant difference with age 12, 13, 14, 15. Authors posit that youth may be at an 
increased risk of concussion as they become stronger and faster with age, which has been supported by positive 
associations between athlete size, head impact exposure, and concussion risk 11, 16. Player characteristics are likely to 
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play an important role because player-to-player contact is the most common mechanism of injury for SRC in 
contact/collision sports 4, 5, 17, 18 and often a leading mechanism of injury even in non-contact sports 19. However, 
these age-related patterns depend on the nature of competition. For example, SRC risk appears to reduce with age in 
martial arts, possibly due to participants becoming more skilled at blocking and safe striking 20. 
Modifiers of risk 

The most consistent and strongest modifier of SRC risk is previous experience of an SRC, which has been 
associated with two or more times higher risk of experiencing an SRC (e.g. 21, 22, 23, 24, 25, 26, 27, 28. This may impact 
SRC risk in youth as they age – possibly complementing the increased risk from greater size and strength. Our 
review found that youth athletes that have had an SRC are more likely to have been diagnosed with a mental health 
condition29, but there are not clear tests of whether depression or anxiety predispose individuals to SRC risk (e.g. 30). 
However, there is limited evidence that ADHD may increase SRC risk 31, 32. It is difficult to assign causality or 
determine etiology with this modifier, though, because ADHD also leads to higher symptom scores on pre-
concussion baseline tests (e.g. 33). Elucidating whether this association occurs through these youth athletes playing 
more dangerously, structural/activational differences in the brain leaving them more susceptible to concussion 
symptoms, or broader sociocultural factors that covary with ADHD diagnosis will likely improve the understanding 
of SRC risk broadly. 
Caveats when making comparisons 

With these findings in mind, it is important to point out some important caveats when interpreting SRC 
rates and differences within and between sports that have arisen in the course of this literature review. First, there 
has been a secular increase in SRC reporting in youth. Most studies investigating SRC rates over time have found 
significant increases with multiple times more SRCs reported in recent years 17, 34, 35. Moving forward, this will have 
to be taken into account when summarizing and comparing concussion risk across studies, in reviews, and meta-
analyses.  

Second, risk is patterned differently across sports. Sports where participants have specific and specialized 
roles - such as in American football - may have more variability in SRC rates among teams 10, 16, 21, 36, 37, 38, 39, 40. The 
average SRC rate may be much lower or much higher than what many participants will experience. For example, 
linebackers have been attributed with up to 40.9% and 58.9% of all concussions suffered by defensive players in 
American football 36, 37. Thus, the rates for this position and similar positions may be much higher than the average 
reported for American football. 

Third, we did not do an in-depth analysis of cultural factors in assessment and reporting, but studies have 
shown that education and beliefs about concussion may affect symptom reporting by coaches and players11. A 
relevant illustration of this may be seen with the SRC rates before and after the implementation of concussion 
reporting policies. For example, studies assessing SRC rates over time across multiple sports show an increase with 
reporting laws41 (such as the Lystedt Law), but a study focusing solely on girls soccer did not12. This may be 
evidence that players, coaches, trainers, and others were already assessing and reporting the majority of SRCs in 
girls soccer while other sports were not. 

Finally, gameplay differences and differences in how rates are calculated complicates comparisons among 
high risk sports. The majority of the papers included in our review report rates in either AE’s or player-hours. AE’s 
refer to an individual’s participation in an athletic event, such as a game or a practice, but do not necessarily refer to 
the time individuals are actually at risk. This is important to keep in mind when comparing sports where players are 
only at risk for a fraction of the AE, such as football, and sports where players are at risk for essentially the full AE, 
such as rugby or lacrosse. AE is still the most commonly used rate likely because it is easier to compute and provide 
a rough comparison between sports (e.g. baseball and softball compared to soccer). Player-hours is often built on the 
average playing time of individuals, so it is more closely related to the time at risk. Unfortunately, few of our sports 
reported SRC risk in player-hours and even fewer controlled for actual playing time. 
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eFigure 1. Number of Rates Published on Sports‐Related Concussions in Youth Since 2001 
 

 
 
 
 
eFigure 2. Concussions per 1000 Athlete Exposures by Sport 

 
 
(Note: for presentation purposes, the 75% quartile point for martial arts is set at 10 and not  its actual value of 33.84) 
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eTable 2. Concussions per 1000 Exposures 

 
 
 
 
 
 
 
 
eTable 3. Concussions per 1000 Hours 
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eTable 4. Rates for Youth Under 13 Years of Age 
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Question 2 
 “What is the evidence that a specific age or time in the growth and development of children is safer in 

terms of lower risk of concussion and lower risk of mid and long-term problems for introducing them to contact or 
collision sports (e.g., because the brain is less vulnerable to injury or the child is more physically mature)? What 
evidence exists for the developmental readiness of children to learn and perform proper contact-related techniques 
safely (e.g., what leg and arm strength and coordination is necessary to learn proper tackling or checking; what 
psychological readiness is necessary)?” 
Findings 
Introduction 

The literature describes a complex relationship between SRC risk and age. A number of studies 
demonstrate an increasing risk of sustaining an SRC as youth athletes become older 4, 5, 7, 8, 9, 10, 11, and some of these 
authors have attributed this to youth getting stronger, larger, and faster 10, 11. However, this relationship with age is 
not entirely consistent across studies and may depend upon the sport in question (showing decreases with age 42; 
showing no change with age or higher rates in intermediate ages 12, 14, 15, 18, 43, 44, 45, 46. While authors suggest younger 
athletes may be at increased risk for long-term sequelae from any SRC, our review failed to find any direct evidence 
of this. There exists some TBI literature suggesting younger brains are more susceptible to long-term physiological 
changes, but these impacts are typically more severe and a different mechanism than the SRCs which are the focus 
of our review. 

Further, we were unable to identify specific literature investigating how youth learn and conduct proper 
contact techniques across age levels. We make a brief comment on how certain developmental milestones may 
interact with youth’s ability to play more safely and suffer less severe or fewer SRCs. 
Age 

In most studies where age was included as an independent variable, rates of SRC appear to increase with 
age 4, 5, 7, 9, 10, 11, 45. A few authors suggest this may be due to athletes becoming heavier, stronger, and faster 10, 11, 
which could increase impact forces. Importantly, two studies suggested that increased playing time (especially in 
games) of older and larger youth athletes may also be a contributing factor 10, 47. However, we find no apparent 
difference in SRC rates when comparing the medians of all studies with youth below high school aged (<14 years of 
age) and those at high school ages (14-19 years of age). 

American Football. SRC risk was found to increase with age in almost all studies of youth American 
football where age and SRC rates were specified 7, 8, 13. This was found in studies looking at pre-high school ages (ie 
8-10 years vs 11-12 years; 7) as well as a study spanning 5-years of age to the end of high school8. One study found 
that head acceleration was lower in middle school and younger children than that found in previous studies reporting 
head acceleration in high school48. Unfortunately, there is less evidence on how age differences in high school 

impact SRC risk. One study found highest rates in 10th graders (15-16 years), but did not report any formal 
statistical comparisons48. When comparing our aggregate rates, pre-high school aged players appear to have higher 
rates per 1,000 AEs while high school players demonstrate higher rates per 1,000 game exposures (Tables 1.1-3). 

Focusing on symptom recovery among American football and soccer players, one study reported that high 
school players exhibited a longer time to recovery than college players49. This is despite the college players 
experiencing more extreme concussions on average. 

There is an increasing number of studies investigating CTE and persistent concussive symptoms among 
retired and former athletes with a specific focus on their age at first exposure to contact (e.g. 50, 51; see Question 4 for 
a more detailed review). There are some findings that former NFL players who began playing football before the age 
of 12 had an increased likelihood of having CTE and showed neurocognitive symptoms associated with dementia, 
and likely CTE, at an earlier age50. However, one study comparing those who were first exposed before high school 
and those first exposed during high school failed to replicate this finding30. Further, other authors have highlighted 
issues with the studies demonstrating associations that are likely to introduce serious bias and limit generalizability 
(see discussion in 52). For example, recruiting from adult symptomatic cohorts and utilizing retrospective measures 
(this topic is reviewed in Question 4, as well). 

Ice Hockey. In ice hockey, there is a substantial difference in SRC rate between those too young to 
bodycheck and ages where bodychecking is legal. One study did not report any apparent association with age once 
bodychecking was legalized 5, but our aggregate data shows a higher median SRC rate across studies in players aged 
>14 years old compared to players <14 years old (Tables 1.1-3). However, this may be due to inclusion of leagues 
where bodychecking is illegal (e.g. 11-12 year olds). One study of head impacts in girls ice hockey found that older 
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and larger players had higher impact acceleration and had more playing time47. The authors suggest this would 
likely increase their risk of SRC, but they did not have sufficient statistical power for such a test. 

Rugby. SRC associations with age are unclear in rugby. While two studies demonstrated that U14 and U16 
players had higher rates of SRCs than U18 players (range 9-18 years and 13-18 years, respectively)18, 38, one study 
failed to find a difference between Junior Cup (~13-14 years) and Senior Cup (~16-17 years) players15. One study of 
adolescent players did find that players who were older, larger, and weight trained were more likely to suffer an 
SRC over the course of one season11. Our aggregated rates show decrease in SRCs in games in individuals aged 14 
years and above while also showing a decrease in SRCs with overall exposure. 

Multiple Sports. Relevant studies in other sports are less common, and further complicate direct 
relationships between age and SRC rates. One prospective study reporting SRC rates by age in girls soccer did not 
demonstrate an associations between SRC rate and age12. Although one study found that older participants were 
more likely to have experienced an SRC within their lifetime53, our aggregated rates were lower in older (>14 years 
old) compared to younger (<14 years old) players (Tables S1.1-3).  

A study of boys lacrosse did not find significant difference with age in players aging from 9 to 15 years 
old45, but our aggregate data suggest reduced SRCs per 1,000 AEs and increased SRCs in 1,000 Game exposures in 
boys lacrosse with older age. 

In Australian Rules Football, one study reports that 14-17 year old boys had higher SRC rates than 9-13 
year olds4, and another failed to find differences in SRC rates or symptom reporting between <18 years and >18 
years of age14. 

In one of the few studies with an inverse association with age, younger TaeKwonDo participants (11-13 
years old) had a higher SRC rate than older participants (14-19 years old)42. They were also more likely to receive a 
blow to the head, which the authors suggested is due to lack of skill in blocking techniques. 

Lastly, one study of multiple sports (using the HS RIO database) failed to find an association between age 
and return to play time in US high school student-athletes54. 
Developmental Preparedness 

We were unable to find evidence that directly examined the ages when players were able to learn and apply 
proper contact techniques at different ages, and, in turn, how these differences in ability translated to SRC risk. One 
study found that implementing Heads Up Football coaching training together with reducing contact in practice and 
training on proper fit of equipment had a larger SRC reduction among 11-15 year olds compared to 8-10 year olds55. 
However, this may be due to a lack of power - the 8-10 year olds had a small number of SRCs before these 
interventions. 

There is a literature base demonstrating that interventions teaching “proper” and “safer” contact-related 
techniques are associated with youth performing these techniques more often (e.g. 57). However, we did not find age 
comparisons, and it’s unclear whether these techniques translate to reductions in SRC risk in youth sports 
participants. 

For example, a few studies of SRCs in youth ice hockey found that delaying the introduction of contact 
sports (e.g. making body checking legal in ice hockey at a later age) does not exert a substantial effect on SRC 
rates23. That is, 13 year-old athletes were shown to have similar SRC rates whether they were newly introduced to 
contact or whether they were introduced two years earlier. This may suggest either that children are capable of 
learning to perform these techniques similarly regardless of being 11 or 13 years of age. However, considering that 
the most consistent modifier of SRC risk in youth is previous SRC, later introduction to collision sports may reduce 
the overall risk of sustaining any SRC as well as decrease the risk for sequelae arising from multiple concussions 
and repetitive head impacts (reviewed in Question 4). It is important to note, though, that this study also found an 
increased risk of sustaining an injury that took longer than 7 days to return to play. 

This being said, it is worth discussing the implications from literature investigating important 
developmental milestones, such as vision tracking and motor coordination which may impact SRC risk. 

Developmental Milestones. Lack of anticipation and preparedness for a collision or body contact leads to 
increased impact severity and is associated with increased SRC risk (particularly in contact sports that are non-
collision). Youth generally show quickened reaction time, improved visual tracking, and motor coordination as they 
age, which should lessen the opportunity to be hit unexpectedly and without being able to prepare for the hit 57, 58, 59. 
The Fischer and Rose model is cited throughout studies interested in SRC risk across development. It highlights 
nonlinear, spurt-like growth in factors that impact these functions, particularly at 7, 11, 15, and 20 years of age. 
Some authors suggest this growth model should be taken into account when normalizing baseline scores on 
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neurocognitive tests for youth even if the ages are not associated with SRC risk, per se (e.g. 37). 
Thus, this theory of developmental timing posits that youth will be better able to learn and perform crucial 

sport-related techniques as they age, presumably leading to safer play. However, passing developmental milestones 
often also mean that these youth are growing larger, stronger, and faster, and become capable of exerting much 
greater force in collisions. This could explain why, in some youth sports, SRC rates appear to increase with age 
(reviewed above). 

Conversely, there are relevant psychological theories that posit ‘critical’ or ‘sensitive’ periods during which 
individuals are best able to learn and perform skills throughout life. Trying to learn and perform these skills or tasks 
after these developmental windows may lead to reduced fidelity throughout life57. Unfortunately, our reviews here 
did not cite or focus on these theories while discussing potential associations between age/developmental stage and 
SRC risk. 

Regardless, our review highlights the need to better understand SRC risk across age and developmental 
periods. For example, are the increased rates of SRC risk in 14-16 year old rugby players due to the combination of 
increased size with less technical skill than their older counterparts? Further, how is SRC risk patterned across 
American football players in high school where competitors range from 14-19 years of age and players differ in size 
and their developmental stage (using Fischer and Rose’s developmental model)? 
 

Question 3 
 

“What evidence exists to suggest that employing modified sports rules, policies and practices (e.g., 
pertaining to field size, equipment, rules of play, size of balls, team size, coaching practices and other 
characteristics) will make “developmental sports leagues” safer for children and adolescents, especially with regard 
to concussions? What evidence exists that teaching contact techniques (making and taking tackles) at a younger age, 
improves efficacy and diminishes injury risk?” 
Findings 

Concussion rates in youth sports have increased over the past couple decades, which most authors attribute 
to improved concussion knowledge and assessment 17, 34, 35. Accounting for these increases in reported rates, there is 
evidence that changes in sports rules, policies, and practices can have substantial impacts on concussion risk in 
youth sports. Player-to-player contact is typically the most common mechanism of SRCs in youth sports (e.g. 4, 19, 47, 

45, 60, 61, 62, 63). Accordingly, changes that substantially alter how often and in what ways players come into contact are 
associated with reduced SRC risk (e.g. 13, 55, 64, 65). However, there are some open questions about how best to apply 
such rule changes. 
Reporting and assessment rules 

While a growing number of rules and legislation mandate reporting of SRCs and timelines for return-to-
play have likely increased the rate of SRCs recorded in youth sports, the rates likely demonstrate a more widespread 
awareness and concern for the long-term impacts of SRCs among parents, players, coaches, and training staff. 
Coaches and teams with dedicated training staff are more likely to accurately assess such symptoms in their 
players66, but not all coaches’ training is effective67. At first glance, the increase in SRCs seem to suggest these 
factors increase SRC risk, but the majority of authors conclude that they are recording a more accurate prevalence of 
SRC. Unfortunately, this adds to the uncertainty on whether these policies reduce youth athletes’ real SRC risk. 
Policies limiting contact 

Rules changes that reliably limit player-to-player contact throughout the full season appear to reliably 
reduce SRC risk risk (e.g. 13, 55, 64, 65). Conversely, rules to limit contact within a single tournament or other limited 
time range appear to have limited effects68. 

Ice Hockey. The most common rule change investigated in the literature is to make body checking illegal in 
boys’ ice hockey. Making body checking illegal in 11-12 year olds results in lower rates of concussions when 
compared across communities as well as when single communities are followed over time21, 64, 69. In one study, the 
Canadian policy to disallow body checking in PeeWee players is associated with a threefold reduction in concussion 
(IRR: 2.83; 95% CI 1.09, 7.31)64. It is unclear from the existing literature whether less extreme changes, such as the 
implementation of “Fair Play” rules, result in meaningful changes in SRC (see 68 for a full review). It is important to 
note that while there are comparatively few studies on SRC risk in girls ice hockey, SRC rates reported in our 
review are often within a similar range of boys despite the fact girls ice hockey leagues do not allow body checking. 

Limiting practice contact. A growing focus of research is limiting contact during practice as a way to 
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reduce overall exposure to contact and collisions as a way to reduce SRCs and the possible detrimental effects of 
repetitive head impacts in American football. Studies show that limiting full contact in practice was associated with 
a reduction in cumulative head impacts over a full season, especially for linemen48, 70. Another showed that 
improved including a Player Safety Coach, an integral part of the Heads Up Football coaching education program 
(HUF) released by USA Football, reduced head impacts without necessarily enforcing rules on limiting contact in 
practice45. However, another study only found a significant reduction in SRCs when contact limitations were put 
into place alongside the Heads Up Football coaching education program (HUF) released by USA Football55. Other 
evidence suggests minimizing or avoiding certain drills can drastically reduce head impact exposures, but the direct 
connection to SRC risk has not been made71, 72. Further, another study has demonstrated that younger football 
players experience a greater percentage of high magnitude impacts in practice whereas older players experience a 
greater percentage in competition48. Thus, limiting contact in practice may have different effects on SRC rates 
depending on age. Lastly, it is unclear whether limiting contact in practice has meaningful impacts in other youth 
sports. 
Other rule changes 

Although there is a strong connection between limiting player-to-player contact and reduction in SRCs, 
making contact illegal either may not be an option for the sport (e.g. if the sport is already non-contact) or the 
community at hand may not want to take such a strong approach. There is a growing literature investigating rule 
changes that are not directly associated with contact, but the evidence on the effectiveness of these changes is 
limited or nonexistent. 

Soccer Heading. A growing number of youth leagues are limiting heading in soccer or making it illegal in 
an effort to reduce SRCs, including USA Soccer who has made heading illegal for children under 10 years of age 
and limited heading in ages 11 to 13. Most concussions experienced in soccer occur during headers (e.g. 17, 60, 63, 73, 74, 

75), and the most common mechanism of concussion during a header is player-to-player contact (e.g. 17, 60, 63, 73, 74, 75). 
Conversely, two recent meta-analyses and reviews say there is no conclusive evidence that heading in soccer is 
associated with adverse outcomes in youth73, 74. While the physical act of a purposeful header may not be the most 
dangerous part of a header, the goal of limiting headers is to reduce both the ball-head impact and the player-to-
player impacts that occur because of the situation. Unfortunately, a direct test of this was not found in the literature. 

Fair Play and no tolerance. “Fair Play” and “Zero Tolerance for Head Contact” and similar programs 
reward teams and players for not receiving penalties and enact stricter rules for illegal contact76, 77. The larger goal 
being to encourage participants to engage in less aggressive and less dangerous play. A number of leagues have 
begun instituting some form of these programs in hopes it will reduce SRCs and other injuries. While there is some 
evidence of it reducing overall injuries78, and newer work suggests they may be able to reduce SRCs79. 

There are more rule changes that have been instituted or are under discussion in youth sports leagues, such 
as the effect of moving kickoff positions in American football, but our review was unable to find direct tests of these 
proposed changes. 
Playing Area 

Increasing the playing area may reduce concussion risk, likely from decreasing the likelihood of impact 
between players. For example, Olympic size ice rinks result in fewer player-player impacts and reduced risk of 
concussion in ice hockey 65, 80, 81. It is unclear if such an effect is seen in other sports, probably because playing size 
is more uniform. However, a few studies indicate that playing strategy is different in soccer when the field size and 
number of players is reduced, but this was not directly connected to SRC (e.g. 82). 
Playing Surface 

Contact with the ground is another common cause of SRC in contact sports and is often the leading cause 
for non-contact sports, such as cheerleading and volleyball37, 83. Multiple lines of evidence suggest that softer floors 
should help reduce concussions in gymnastics and cheerleading (the majority of injuries are from falls)84. Further, 
artificial turf appears to be associated with an increased risk of blackout with concussion in American football24. The 
current literature review did not pull enough information to comment on other youth sports. 
Equipment 

There has been a substantial amount of research into the effects of headgear on concussion risk, but less so 
on other forms of equipment. This line of research is discussed in detail in Question 6. 
Contact techniques 

Our review has pulled up limited evidence pertaining to the second portion of this question. It is unclear 
whether teaching proper contact techniques at earlier ages will result in safer play or reduced injury in youth sports 
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participants, and Question 2 deals with evidence addressing several related questions. This being said, one study 
found that Heads Up Football coach training (as proscribed by USA Football) is associated with a reduced number 
of concussions in youth football players aged 11-15 years old when teams also restricted contact in practices55. The 
SRC risk with combination of both strategies was significantly less than only instituting “Heads Up” which was not 
significantly different than teams that did not institute either strategy for reducing concussions and injuries. A newer 
study on high school athletes also found that “Heads Up” Training reduced concussions85. 

We also came across a body of evidence addressing contact techniques and concussion incidence in rugby. 
Many of these articles were focused on adults and were thus out of the range of our review. However, the main 
takeaways from these discussions are that concussions are more likely from hits where the tackler is upright (i.e. 
impacting high on each players’ body), running at high speeds, and active shoulder tackles. These patterns may be 
relevant for youth athletes as well, but more evidence is needed. 
Exercise and conditioning 

A recent study suggests that functional movement exercise and conditioning aimed at reducing concussion 
rates in youth rugby players may be effective86. However, it is important to note that while the authors claim their 
effects had practical significance, they are not statistically significant and other researchers have published concerns 
about the study’s methods87. 
 

Question 4 
“What evidence exists to suggest that (a) repetitive head impact exposure or (b) multiple documented 

concussions incurred during youth participation in collision and contact sports results in long-term cognitive and 
neurological harm (e.g., prolonged recovery from concussion, cognitive impairment, mental health problems 
including depression and anxiety, chronic headaches, and chronic degenerative neurological diseases seen on 
imaging or at autopsy such as chronic traumatic encephalopathy)?” 
Introduction 

The techniques used to investigate this question have grown quickly over the past decade, and the majority 
of our sources have been published in the last five years. Neuroimaging and neuropsychological tests are both being 
used more frequently to examine both short- and long-term impacts of participation in contact sports. 

In youth, there has been concern about repetitive head impact exposure and subsequent possible brain and 
cognitive changes. However, while studies have found short-term neurological and functional changes (e.g. 88, 89, 90), 
the preponderance of the highest quality evidence suggest there are no long-term neurological effects of repetitive 
head impact exposure sustained during contact or collision sports ( e.g. 55; see 91 for another review of the central 
papers included here). 
Findings 
Repetitive head impact exposure 

Repetitive head impact exposure is typically defined as hits to the head that transfer mechanical energy to 
the brain at enough force to injure various aspects of neuronal integrity, but not be expressed in clinical symptoms. 
Our review suggests that repetitive head impact exposure may be associated with short-term changes in the brain 
and neurocognitive functioning 88, 89, 90, 92, 93, 94, 95, 96, 97, but not all studies demonstrate consistent associations and 
others fail to demonstrate any associations 30, 52, 98, 99. 

Neuroimaging. The majority of neuroimaging studies found in our review support an association between 
increased repetitive head impact exposure and physiological changes in the brain as measured in neuroimaging50, 88, 

89, 90, 93, 95, 96, 100, 101, 102, 103, 104. Prospective studies in youth have focused largely around American football players 
with telemetry measures of impact exposure (via equipping of helmets with Head Impact Telemetry (HIT) System) 
where longitudinal changes and/or comparisons against a control group were measured 90, 93, 95, 96. Impact exposure 
has been associated with changes in white matter diffusivity95, default mode network connections88, metabolism (as 
measured by MRS)101, and functional activation90, 93. The timeline of these studies showed changes within a week of 
repetitive impact or within months of the end of a season (if they were assessed pre- and post-season). However, 
these changes are not always in the same direction across studies and in some studies they correlate with symptoms 
at one time point but not at another (e.g. 89). In a few instances, exposure was also associated with changes in 
neurocognitive scores (e.g. 90). Importantly, the cumulative number and strength of hits did not always predict 
changes - players with low number and amplitude hits showed changes as well90, 95. Cross-sectional study of cortical 
thinning in youth ice hockey players was associated with changes in scores on computerized neurocognitive 
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assessments102.  
With these findings in mind, it is important to note some very important potential caveats. The reported 

changes due to repetitive head impact exposure are highly non-specific and have been found in other 
conditions/populations without exposure. Many studies have not included proper controls, i.e. exposed and non-
exposed athletes matched on exercise level 89, 90, 93, 96, 102 and other important demographic and neurobiological 
variables. Metrics of exposure are also imperfect. 

Many of the prospective neuroimaging studies are small (N<40) and come from the same (or related) 
cohort of youth football players (e.g. 89, 90, 96). The brain changes across studies are not always the same, potentially 
due to players receiving hits at different locations. The long-term stability of the changes in prospective findings is 
unclear since they do not match well with the retrospective studies of retired football players. The association 
between these changes and behavioral and cognitive profiles are not clear in most of these studies.  In addition, 
many such studies presume that changes over the course of a season are due to repetitive head impact exposure as 
opposed to other factors that change over the course of an athletic season. 

Neurocognitive. Studies focusing on neurocognitive factors are more heterogeneous. About half of our non-
prospective studies demonstrated an association between a measure of repetitive head impact exposure and 
neurocognitive profiles 92, 94. Two studies of AFE for football players showed detrimental impacts in adulthood for 
players starting before 12 years of age50, 51.  However, both studies started from an adult symptomatic cohort and 
then used retrospective recall to determine AFE. One study50 was former NFL players which is clearly not the same 
population as high school or younger athletes (i.e. not generalizable, ascertainment bias) and the experimental 
variable may be inaccurate (i.e. recall bias). Relatedly, another study failed to replicate this finding focusing on AFE 
pre-high school vs high school (AFE reviewed more below)30. Further, two retrospective community-based studies 
of medical record data from high school players in Rochester, MN (together spanning 1946-1970) failed to find 
associations between men who had played American football in high school and increased risk of neurodegenerative 
disease in later life98, 99. 

Our review included two prospective, longitudinal studies focusing on neurocognitive associations with 
repetitive head impact exposure92, 94. One showed changes in visual motor speed only, but the authors suggest it is 
not conclusively from head impact exposure92. The other study, utilizing helmet telemetry, found that impact 
exposure was associated with worsened neurocognitive functioning, and this was independent of concussion 
symptoms or diagnosis94. This group also showed changes in the brain (reviewed above). Relatedly, a study of girl 
soccer players found decreases in several neurocognitive measures immediately following a practice in which they 
headed the ball97. 

A study conducted with a large population-based cohort with prospectively collected data from Wisconsin 
high school graduates in 1957 failed to find an association between high school football participation and cognitive 
decline or depression at 54, 65, or 72 years of age52. The authors note that they do not have data on pre-high school 
participation, but they performed multiple strategies of matching and controlling for confounding (e.g. physical 
activity levels at age 35, parental income) and they pre-registered their analyses a priori. Thus, this study is likely 
the strongest level of evidence against long-term impacts of high school football participation. 

Moving forward, studies using multiple neurocognitive factors should be sure to correct for multiple 
comparisons and avoid post hoc choice of findings from a panel of tests. Studies using a large sample also need to 
consider the clinical significance of changes, not simply statistical significance. Lastly, while direct impact in the 
past may have had less force compared to modern play, head protection was less protective against forces and sports 
rules and policies were less restrictive. Generally, many authors suggest that further studies of longitudinal cohorts 
will provide better understanding of how these secular changes may affect neurocognitive associations in current 
youth (e.g. 52; see 91 for another review of the limitations of this body of work). 
Multiple documented concussions 

Studies investigating associations of the brain and neurocognitive factors with multiple concussions are 
inconsistent. The prospective study included in our review found that athletes with multiple concussions reported 
more symptoms at baseline and suffered larger memory reductions when experiencing a new concussion94. Cross-
sectionally, multiple concussions was associated with increased time to recovery105. Youth who had multiple SRCs 
and were symptom-free also scored worse on attention and concentration assessments 106, 107. Further, they often 
scored similarly to athletes with a recent concussion on neurocognitive tests (both were worse than no recent 
concussions). Multiple SRCS have been associated with worse GPAs in high school107. Lastly, former collegiate 
athletes reporting more concussions (including high school and college) were at greater risk for severe depression 
and reduced impulse control scores108. 
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However, one study only found an association with multiple SRCs and verbal memory and found that 
gender, history of headaches/migraines, psychiatric history, and learning problems also strongly influenced these 
scores109. Since concussion risk is associated with these factors bi-directionally, it’s difficult to ascertain direction of 
causality in these and other non-prospective analyses. 

There are at least a few examples of studies failing to find an association. A study of American football 
players in Maine failed to find an association between cognitive test performances and concussion history110. A large 
study failed to find an impact of one or two previous concussions on test performance or symptom reporting111. One 
study failed to find associations with neurocognitive tests, but did report symptom differences in athletes with 3 or 
more concussions112. A study of adults who received concussions as youth athletes failed to show differences across 
a range of tasks113. One study of youth ice hockey players failed to find associations114. Another study of youth ice 
hockey players failed to find differences measured with several robotic tests of sensory, motor, and cognitive 
functioning115. 
Age at first exposure 

Recent studies of former NFL players indicates increased brain pathology and neurological changes in 
individuals who started playing before age 1250, 103, 116. A study of brains with CTE found that earlier age at first 
exposure (AFE) was associated with earlier behavioral symptoms, particularly with AFE before 1251. Cross-
sectional in vivo neuroimaging studies of former NFL players have shown reductions in thalamic volume and white 
matter integrity with an AFE younger than 12 years103. Studies of former American football players broadly 
(including those who played up to high school, college, or NFL) found that AFE <12 was associated with 
impairment on self-reported and lab assessed neurocognitive function51. Further, one study developed a measure of 
cumulative head impact, which was associated with reduced functioning in these individuals117.  

There was one study of former NFL players where they were recruited randomly from lists of retired 
players which did not find differences in cognitive functioning or wellbeing based on when they started playing 
football30. It is important to note, though, that this study compared individuals who began before high school to 
those who started in high school. Therefore, the “early exposure” group was actually 2 years older than the other 
studies describing findings. Lastly, studies demonstrating associations were larger than those not. 

However, there are important limitation and methodological issues to note with these studies of AFE. First, 
much of their samples are recruited from adult symptomatic cohorts, so they may be biased towards individuals with 
neurobiological changes. Second, AFE as well as lifestyle and childhood characteristics (e.g. alcohol use and 
childhood environment) that may impact later brain health are retrospectively measured, making them sensitive to 
recall bias. Lastly, very few individuals playing football before and during high school ever compete at the college 
or NFL level. These smaller populations may be self-selecting and unrepresentative of the high school football 
population more broadly.  

(AFE is discussed in Question 2, as well) 
Post-mortem studies 

Two studies of post mortem brains (not included in AFE analysis) were relevant to this question. One study 
found ‘incipient’ CTE in one out of three high schools with exposure to collision sports before an unexpected 
death118. Another study found CTE-related changes in the brains of recently deceased 17-22 year olds exposed to 
closed head injury compared to those who had no such exposure119, but there are substantial concerns over whether 
these changes can be directly connected to the head injuries in this study. 
 

Question 5 
“What is the evidence that equipment can reduce the risk of concussion in youth athletes?” 

Findings 
Our review found two strategies of reducing SRCs with equipment in youth athletes. Protecting the head 

from direct trauma with padded headgear or full helmets is more studied, but we also found some studies 
investigating mouthguard use. In general, authors are concerned with poor adherence to study protocol and that 
athletes may play more dangerously when they wear more protective equipment. 
American football 

The use of modern helmets has dramatically reduced the rate of concussions and deadly injury in American 
football, but differences between modern helmets in SRC risk is not consistent120, 121, 122. While one study 
demonstrates reduced SRC risk with a newly designed helmet (Riddell Revolution) when compared to “standard” 
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helmets120, two other studies failed to show differences in helmet brand or between new and reconditioned 
helmets121, 122. One study suggests that athletes suffering a SRC may have a larger proportion of symptoms that do 
not completely resolve within one day if they were wearing an old, non-reconditioned helmet121. However, this same 
study did not demonstrate a difference in SRC risk in old helmets. 
Rugby 

Studies of headgear in rugby have also failed to demonstrate they are protective against concussions11, 123, 

124. However, they are effective against lacerations and abrasive injury. Importantly, authors suspect poor study 
adherence among many of the teams and participants124, so the effects are perhaps not well tested. 
Football (soccer) 

Our review only found one study of headgear use in youth soccer, which demonstrated a reduction in SRC 
risk in players wearing protective headgear125. However, it is important to note that these players self-selected into 
groups and data on symptoms was collected via retrospective self-report. 
Mouthguards 

Mouth guards are another common piece of equipment used, at least in part, to prevent concussions. They 
certainly protect against dental injuries, but our review only found a handful of studies investigating mouthguard 
protection against SRC in youth athletes11, 122, 126. There is evidence from at least one study that they were associated 
with reduced number of all injuries to the head/face region11, but the other studies compare mouthguard types as 
opposed to their direct effects on SRCs122, 126. It is unclear whether customized or preformed mouthguards provide 
improved protection against SRCs. 
Equipment concerns 

There is a common sentiment among authors, but it is unclear whether there is any supporting data, that 
more protective equipment may increase risk of concussion or other injuries by leading to a false sense of security 
within the athletes (e.g. 124). This sense of being protected may lead to more dangerous behavior that cancels out any 
real protective effects of equipment. For example, wearing a newer model of helmet may lead a young football 
player to be less considerate of using correct form when tackling. Unfortunately, our review did not find any direct 
tests of this concern. 

Question 6 
“What proportion of contact/collision sport athletes go on to participate in non-contact sports after contact/collision 
options are removed?” 
Findings 

Our review did not find any peer-reviewed analyses or resources that directly addressed this question. It is 
unclear whether the removal of contact/collision sports will lead to reduced activity levels for youth or whether they 
will go on to participate in non-contact or non-collision sports. This being said, the Sports and Fitness Industry 
Association (SFIA), the Aspen Institute, and the National Federation of High Schools (NFHS) have reported trends 
in flag football participation in the US that are relevant to this discussion 127, 128, 129, 130, 131, 132, 133. 

Flag football is a non-collision version of American football where players typically do not wear pads or 
helmets and remove “flags” that are attached to their uniforms instead of tackling them. While participation in 
American tackle football has declined in US youth over the past decade (and for team sports overall), youth 
participation in flag football has increased - it is currently more popular for 6-12 year olds than tackle football127. 
Thus, while there are no direct tests of how youths respond to the removal of collision or contact sports, these data 
demonstrate that youth are interested and willing to participate in non-collision team sports. It is unknown if 
removing collision or contact options will reduce youth participation in team sports when non-collision/non-contact 
options are available.  

Further, recent surveys indicate that parents and families are concerned for children’s safety in collision 
sports such as American football128. These concerns may be driving participation away from these sports regardless 
of whether schools and clubs still offer them. Thus, offering flag football and other non-collision/non-contact 
options may be necessary to ensure that youth are able to gain the benefits of participating in organized team sports. 

Question 7 
“What is the evidence to recommend youth player retirement (or redirection to other sports) in the setting 

of multiple concussions?” 
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Introduction 
Most of the literature found in our review is focused on communicating expert guidelines 134, 135, 136, 137, 138 

and reviews139, 140, 141, 142 that provided recommendations as opposed to analyzing decision-making algorithms 
regarding sports retirement or redirection to other sports after multiple concussions. There is no clear evidence 
regarding a specific cut-off for multiple concussions (i.e. how many concussions should lead a player to retire?). 
This being said, these expert and position statements agree that children and adolescents should begin to consider 
retiring from contact or collision sports after multiple concussions. The final decision on whether or not to retire 
should be based on a combination of accumulated neurological and/or neuropsychological symptoms induced by 
head trauma, time intervals between concussions, and the individual’s relationship to the sport. Redirection to other 
sports should take into account the demonstrated SRC risks in the “new” sport. 

Our review found that experts offer a fairly consistent list of scenarios and factors thought to increase risk 
for youths returning to play contact or collision sports, but there is limited evidence for how retiring or not retiring in 
these scenarios will impact long-term brain health. This lack of clarity results in part to our findings in Question 4 in 
that it is unclear whether multiple concussions and repetitive head impacts experienced in youth sports connect to 
long-term neurological and neuropsychological deficits. It also results from the complications inherent in testing if a 
player should retire or be redirected to other sports after multiple concussions. 
Findings 
Future Health and Wellbeing 
 Overall, authors agree that protecting youths’ future health and wellbeing (neurological, mental, and 
physical) is the most important factor when deciding whether an athlete should retire or be redirected due to multiple 
SRCs. The various scenarios and risk factors against continuing to play contact or collision sports discussed below 
are made with this point in mind. However, experts also stress the need to balance a child’s career goals (eg college 
scholarship), mental health (eg depression is a risk when retiring from youth sports), overall physical health 
(including cardiovascular and endocrine health as opposed to only neurological), self-identity, and peer group 
interactions with the risks of returning to play. There are many positive aspects to wellbeing and health that can be 
gained from playing sports143 and the removal of these options should not be done without due consideration of 
these factors. 
Scenarios and Risk Factors 

Expert guidelines and position statements recommend that the following scenarios and risk factors lead to 
discussions with the youth and family about retiring or taking time off from contact/collision sports: multiple 
concussions (without residual symptoms), multiple concussions within a single season (particularly within several 
months), prolonged PCS, worsening PCS with subsequent concussions, diminished academic performance, 
increasing susceptibility to SRC with decreasing impacts (ie lowering threshold for concussion), and Chiari 
malformation 134, 135, 140, 142. These patterns should be considered alongside the expected psychosocial effects of 
retiring or being redirected from a sport for the child in question. While we are lacking the highest level evidence 
that returning to play a sport in these scenarios or despite these risk factors is connected to long-term irreversible 
damage, many of the authors consider it likely. Further, there is little downside to using this discussion as an 
opportunity to educate the athlete and family.  

These same sources offer other scenarios and risk factors for which they strongly recommend retirement 
from contact/collision sports. These typically include trauma-induced structural brain abnormalities and permanent 
neurological injury as well as disabling PCS symptoms and CTE symptoms. These scenarios are held consistently 
across these guidelines and position statements, but it is important to make at least a few notes. First, these scenarios 
must be related to trauma - some of these risk factors (eg brain abnormalities) may be benign or found in certain 
disabilities where they are not thought to increase risk of long-term damage from head impacts. Second, it is 
difficult to define certain brain matter abnormalities (eg white matter abnormalities) on an individual basis because 
they require normed control groups. These differences may be useful in a research setting but less so in building 
individualized recommendations. Third, these recommendations are made less from evidence based in youth sports 
and more from the TBI literature and neurosurgery literature more broadly. 
Complications in building evidence 

High-level evidence for recommending retirement or redirection from a sport after multiple concussions 
and signs and symptoms is difficult to define for at least several reasons. First, concussions can differ substantially 
in their severity, impact on an individual’s quality of life, and neurological integrity. As the literature is still 
describing associations with concussions and head impacts broadly (reviewed in other questions in this review), it is 
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not yet clear how concussive symptoms and assessment map onto neurological and psychological outcomes. There 
is little evidence regarding how to compare one very substantial concussion to multiple less-severe concussions 
regarding their risk to long-term health and well-being. While data on concussion symptom severity is often 
connected with diagnoses, it is not always input into epidemiological or large-scale studies. Since the importance of 
different symptoms is unclear, a priori analyses of their connections to concussions and outcomes is limited, and 
understanding on the long-term impacts of SRCs in youth is also limited (as per the discussion in Question 4). 
Further, concussion symptoms are non-specific, so it is unclear whether long-lasting symptoms are attributable to 
incomplete recovery or other etiologies (e.g. ADHD or MDD), especially in prolonged recoveries. 

Second, clinical and practical guidelines existed before many of the measures commonly used were in 
widespread use. The Cantu algorithm had been widespread in practice since the 1990’s144, while many computerized 
neuropsychological tests and neuroimaging paradigms weren’t widely used until the past decade. Therefore, to know 
if youth athletes suffered from not retiring when the Cantu algorithm (or other expert guideline) recommended it, 
athletic trainers and players would need to knowingly go against expert recommendations and report they were 
doing so. This is a potential problem for reporting accuracy. 

Third, the literature demonstrates that assessment and reporting of concussions is not uniform across 
individuals, teams, coaches, and athletic programs (e.g. 145). Many youth teams and sports often have cultures of not 
reporting concussive symptoms. Youth will also differ substantially in their knowledge of concussions, which may 
affect what they report to coaches and trainers. Further, access to concussion training for coaches and athletic 
support staff is associated with concussion rates66, so youth athletes from less affluent areas are more likely to go 
undiagnosed. This may add noise or even bias SRC-related outcomes in larger epidemiological studies and reporting 
databases, which could either weaken actual associations or lead to spurious associations. However, even if 
concussion diagnosis was perfectly similar, it is unclear how important repetitive head impacts (without concussion 
diagnosis) may be on long-term health (reviewed in previous questions). 

Lastly, and importantly, symptom threshold can vary widely between individuals and can be distinct from 
injury threshold, and individuals may differ in their susceptibility to post-concussive symptoms (e.g. 135). This 
compounds the other difficulties in comparing outcomes of individuals with different exposures and SRC histories. 
Individuals may need different specific cutoffs depending on difficult to assess traits, such as genotype or learning 
disorder. 
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