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Abstract

Objective: The purpose of this study was to assess the effectiveness of regulations and
interventions on head impacts in youth, high-school, and collegiate football, using a systematic
search strategy to identify relevant literature.

Methods: Six databases were searched by one reviewer between 15 November 2019 and 22
February 2020 for English-language articles: PubMed, PsycINFO, Cochrane, Embase, ERIC, and
Global Health. Studies that met inclusion criteria were included in the study and underwent data
extraction. Studies were excluded if the sport in the study was not identified as American football,
the population in the study was identified as NFL players, semi-professional, or professional
players, or if the study was identified as a systematic review, or meta-analysis, or narrative review.
Results: Twenty articles met inclusion criteria and were included in data extraction and the final
systematized review. Of the 20 included studies, 8 studies evaluated interventions in high-school
football, 5 studies evaluated interventions in collegiate football, 6 studies evaluated interventions
in youth football, and 1 study evaluated interventions in both, high-school and collegiate football.
The four categories of interventions and regulations included rule changes, training,
education/instruction/coaching tactical changes, and tackle football alternatives.

Conclusions: Despite a lack of understanding surrounding the relationship between head impact
exposures and long-term neurocognitive deficits, interventions and regulations have been
implemented to reduce head impacts and head injuries in American football. Studies evaluating
the effectiveness of interventions and regulations on reducing head impact exposures or head
injuries have shown mixed results. Some regulations may be more effective than others, but

methodological design and risk of bias pose limitations to generalize effects.



Introduction

Approximately 5.16 million people over the age of 6 participated in tackle football in the
United States in 2018.7 However, overall participation in American tackle football is declining.
Over the past 12 years, participation in tackle football has declined from approximately 8.4 million
people (2006) to 5.16 million (2018).” Reasons for the decline in participation have been attributed
to injury risks.® In 2009, the number of media reports discussing the concern of brain injuries in
American football increased significantly, which coincided with the decline in adolescent
participation in high-school tackle football.® Although the increase in media reports coincided with
participation decline, it is important to recognize that additional factors may have contributed to
the decline and therefore, can not be disregarded.® Additional factors that contribute to the decline
in tackle football participation may be due to factors that predict parent’s intention to let their kids
play football, including social norms, attitudes toward football participation, behavioral control,
and perceived risks of concussions.” Despite participation in tackle football declining, brain
injuries remain a concern.

According to the Centers for Disease Control (CDC), approximately 1.6 to 3.8 million

sports-related concussions occur annually.!%!!

However, this estimate may be drastically low due
to the number of concussions that go unrecognized, undiagnosed, and thus unreported.'® Amongst
sports, football poses higher rates of concussions per athletic-exposure (AE) (0.37-1000"! AE
during the fall and 0.54-1000"" AE during the spring).!>!*> Common cited motivations for not
reporting concussions amongst high-school football players included players not thinking the

injury was serious enough, not wanting to be withheld from competition, and lacking awareness

of probable concussion.!* Motivations for not reporting, however may vary depending on level of



play and individual values.!> Younger athletes may be motivated by peer acceptance, while
collegiate athletes may have additional motivations, such as scholarships.!’

A growing body of published, scientific literature has suggested that subconcussive
impacts can lead to an increased risk of significant neurological deficits, such as chronic traumatic
encephalopathy (CTE).!®!” As newer technology, such as helmet sensors, have become available,
studies have been able to quantify the number of impacts, location of impacts, and magnitude of
impacts across participants in American tackle football. However, the long-term effects of
repetitive head impact exposures in relation to the development of CTE is not well understood.
Unlike concussions, the incidence and prevalence of CTE is unknown.!® Some risk factors in
football players that might influence the pathological severity of CTE include duration of football
career, years since retiring, and age of death.'® Concussions and subconcussive head impacts raise
concerns for contact sport athletes.

To date, there have been numerous advancements in protective equipment standards, such
as updated helmet standards by the National Operating Committee on Standards for Athletic
Equipment (NOCSAE) and development of helmet evaluation systems by researchers at the
Virginia Tech Helmet Lab.!%? In a recent newsletter, NOCSAE announced beginning the process
to develop a youth football helmet performance standard.?! In 2011, Rowson and Duma introduced
a new metric using on-field impact exposures to asses performance of helmets, Summation of
Tests for the Analysis of Risk (STAR).?> Helmet testing typically quantifies helmet performance
by measuring variables such as, linear acceleration, Gadd Severity Index (GSI), and rotational
acceleration; however, these variables have limitations.?* Using linear and rotational acceleration

measures only measure the motion of the head, rather than the motion of brain tissue.?® Variability



also exists between helmet designs and their ability to reduce head accelerations upon impact.?*

In addition, controversy exist whether helmet designs can reduce incidences of concussions.?*2

Helmet performance alone may not substantially reduce the risk of concussions in
American football.?” In fact, helmets may create a false sense of security for athletes, encouraging
more dangerous styles of play.?® It has been reported in one field study that youth football players
intentionally used their heads in 80% of high-magnitude head impacts.?” These findings have
implications for risk- reduction strategies, suggesting that regulations and interventions could play
a significant role in reducing head-impacts. However, little is known about the effectiveness of
these regulations and interventions.

Concussion policy for prevention, treatment, and education exists across states, but is
highly variable. States have amended their concussion laws by incorporating primary prevention,
expanding the population covered by the laws, or by clarifying provisions.?® At the collegiate level,
since 1893 the National Collegiate Athletic Association (NCAA) has been implementing rules to
protect college athletes form brain injuries. For example, in 2009 the NCAA implemented rules
regarding the number of football full-contact practices and in 2012 moved the kickoff location to
the 35-yard, while simultaneously moving the touchback spot on free kicks to the 25-yard line.*°
Leagues and conferences within the NCAA have further amended concussion policies. In 2016,
Ivy League football coaches eliminated all full-contact practices during the season.’!
Governmental bodies for youth and high-school football have also made rule changes and
implemented interventions for tackle football. A popular youth-football league, Pop Warner,
limited contact drills to a third of all practice hours.*?

To our knowledge, there have been no systematized reviews that specifically look at the

effectiveness of football rules and interventions on head impacts and concussions. In 2017, a



previous systematic review synthesized trials examining concussion prevention via equipment,
educational programs, and training programs in multiple contact sports.>* The primary goal of this
review is to synthesize findings from literature regarding the effectiveness of interventions and
regulations on head impacts and head injuries in youth, high-school, and collegiate football. This
information may help those making rule changes and interventions for tackle football make
informed decisions for youth, high-school, and collegiate football programs.
Methods

Search Strategy

PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health were searched between
15 November 2019 and 22 February 2020. Databases were systematically searched to identify
relevant peer-reviewed, published literature using key search terms related to three categories:
football, head-injuries, and interventions. Search terms under the category of head-injuries
included the following terms: head, brain injuries, traumatic, brain concussion/ prevention and
control, brain injury*, concussion, brain contusion, TBI, MTBI, SRC, and head impact*. A list of
complete database search queries, dates, and results can be found in supplemental Appendix A. A
multi-step approach was used to develop search queries by identifying key terms for each category.
Terms were refined based on whether or not the term added relevant articles to the search by
comparing search queries. Assistance developing the database searches was provided by a trained
Biomedical and Life Sciences Librarian. The search did not consist of hand searching for literature
or unpublished literature, due to timing and the scope of the question.

(*)- Signifies a wildcard symbol used in an electronic database search.



Inclusion criteria
We included studies that analyzed the effects of rules and interventions on head impacts
and brain injuries in American football, and included participants at the collegiate, high-school, or
youth level.
Articles were included if they met the following criteria:
1. Original research: including randomized control trials (RCTs), quasi-experimental, cohort
studies, case-control, and cross-sectional
2. Participants: American football- collegiate players, high-school players, youth players
3. Control Groups: Comparison group not receiving intervention or participating in rule
change
4. Main Outcomes: Head injuries, head impacts, concussions
5. Additional outcomes: magnitude of head impacts, location of head impacts, unintended
consequences
6. English Language
Exclusion criteria
Studies analyzing the effectiveness of protective gear, such as helmets, neck collars, and
mouthguards were not included. Systematic reviews, meta-analysis, narrative reviews and articles
not published in English were excluded from this review. In addition, articles that did not analyze
the effect of an intervention on head impacts or concussions were excluded. Articles that collected
injury data but did not separate the data by injury descriptions were not included. Studies that
analyzed interventions aimed at increasing awareness about concussions were not included.
Interventions in lab settings were excluded. Lastly, articles that analyzed more than one sport were

not included, unless specific football data could be extracted.



Study selection and data extraction

The flow chart of study selections is depicted in Figure 1. A total of 1,192 articles were
identified through database searches after duplicates were removed. One reviewer screened all title
and abstracts using abstrackr, a software for semi-automatic citation screening, to identify articles
that met inclusion criteria.>* Articles that were unclear in initial title and abstract screens were
included in a full text screen. Thirty-four articles were assessed in full text screens. If articles were
still unclear after a full text screen a second reviewer reviewed the article and reviewers came to a
conclusion. Data was extracted from articles that met eligibility criteria by one reviewer.

The following data from each study was extracted into an excel document: title, author,
participant characteristics (age, sex, height, weight, football playing experience, sample size of
intervention and control conditions), study design (type of study, aim, location, date, method of
recruitment, length, football level), intervention and control/comparison group characteristics
(type, details, delivery), data collection methods, outcome measures, outcome definitions, relevant
findings, conflicts of interest, study limitations, and funding.

Data synthesis and risk of bias

The Risk Of Bias In Non-randomized Studies-of interventions (ROBINS-I) and Cochrane
Risk of Bias tool for randomized trials (RoB 2) were used to assess the bias of the studies included
in the study.*>3¢ One reviewer assessed each article independently using the appropriate tool for
the type of study. Researcher assessed the risk of bias in the following domains: bias due to
confounding, selection of participants, classification of interventions, deviations from intended

interventions, missing data, outcome measurements, selection of reported results. 3336



Results
Search results

A total of 1,692 articles were identified through searching databases and 1,192 articles
remained after duplicates were removed. Duplicates were initially removed using the ‘find
duplicates’ function in an electronic reference database, EndNoteX9, and then hand searched for
additional duplicates after screening. After an initial screen of titles and abstracts, 34 articles were
included for full text screens. Full text screens yielded 20 articles that met inclusion criteria for
this review, see Figure 1 for study selection flow chart. Finalized studies were published in peer-
reviewed journals between 2013 and 2020.

Of the 20 included studies, 8 studies evaluated interventions in high-school football,>”#* 5
studies evaluated interventions in collegiate football,**° 6 studies evaluated interventions in youth
football,!® and 1 study evaluated interventions in both, high-school and collegiate football.>
Summaries of included articles for youth, high-school, and collegiate, football are presented
separately in Table 1, Table 2, and Table 3 respectively. One article that met inclusion criteria was
a protocol for a proposed clinical trial analyzing a neck strengthening (TRAIN) program in high-
school and collegiate football players with no results, therefore was not included in a review

table.>?



Figure 1
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Table 1

Youth football interventions and regulations'

Citation(s) Location Sample Study Design Length Intervention Intervention Outcome Relevant findings
of Type Description measures
study
Kerr et al® (2015) US: South 70 participants Cohort Study 1FB Educational: Heads up football - Head impact - More impacts occurred in the NHUF
Comprehensive Carolina, (HUF: 38, season HUF (HUF) leagues had an exposure group (62%, 4637) vs. HUF group
Coach Education Arizona NHUF:32) identified player safety using xPatch (38%, 2841)
Reduces Head coach that completed -Number of -6 total concussions: NHUF(6), HUF(0)
Impact Exposure educational program concussions however, differences between
in American which included and concussion rates between entire cohort
Youth Football training on proper concussion of HUF and NHUF leagues not found
equipment fitting, rate - 8-11 year olds- mean number of
proper tackling impacts per practice per individual
technique, strategies where higher in the NHUF group
for reducing player to (9.143.3) compared with the HUF group
player contact, (5.543.2 difference, 3.6; 95% CI, 2.9-
concussion awareness, 4.3)
and sudden death - 12-15 year olds- mean number of
information impacts during practice per individual
were higher in the NHUF (8.7+2.9)
compared with HUF group (5.7+2.5;
differences, 3.0; 95% CI2.3-3.7)
-At 10g and 20g threshold no difference
between number of impacts per
individual were found in games
-10g threshold- number of impacts
during practice per individual event was
lower in HUF group (5.6+2.9) than in
the NHUF group (8.9+3.1); difference
3.495% CI2.9-3.9. This difference
changed with 20g threshold but
remained significant (difference 1.0
95% CI10.7-1.3)
Toninato et al® US: Minnesota, 926 Descriptive 1FB Tackle Nontackling - Number of -0 ions reported; Ci
(2019) Wisconsin, lowa participants epidemiology season football alternative to tackle concussions rate:0.00 per 1000 AE
Injury Rate in (intervention: study (2018) alternative: football where a player and - Youth tackle: 0.99, 0.68 (per 1000 AE
TackleBar 926, control: TackleBar is considered down concussion - Youth flag: 1.33 per 1000 AE
Football comparison to when a defensive rate
historical data) player removes a foam
bar from the ball
carriers harness using
the "wrap and rip"
technique
Lynall et al® US: Not 50 participants Prospective 1FB Tackle Nontackling - Head impact - Tackle football players experienced a
(2019) Specified (Flag:25, Cohort Study season football alternative to tackle exposure significantly higher head IR during
A Comparison of Tackle:25) alternative: football where players using Triax games, practices, and both combined.
Youth Flag and Flag football have to remove a flag Smart Impact Impact rate (IR) tackle(overall): 3.06
Tackle Football from a player instead Monitors (2.61, 3.58), IR flag(overall): 0.66 (0.57,
Head Impact of tackle (SIM-G) 0.78), Impact rate ratio (95% CI): IRR
Biomechanics (overall): 4.61(3.94, 5.40)
- Flag reduced odds of sustaining linear
acceleration head impacts among 20-
29.99g (OR=0.28; 95% CI: 0.16, 0.51),
30-39.99g (OR=0.31; 95% CI: 0.17,
0.55) and >= 40g (OR=0.31; 95% CI:
0.17, 0.55) compared with tackle
-Flag increased odds of sustaining
rotational acceleration head impacts
between 2500-7499.99 rad/sec2
(OR=1.73 95% CI: 0.92, 5.67)
compared with tackle
Peterson et al* US: Not 3,794 Prospective 1FB Tackle Nontackling - Concussion - Tackle: 0.68, Flag:1.33 (concussions
(2017) Specified participants Cohort Study season football alternative to tackle rate per 1000 exposures). Higher concussion
Youth Football (tackle: 3525, alternative: football where players rate in flag league than tackle, but this
Injuries: A flag:269) Flag football have to remove a flag result is based on only 3 concussions in
Prospective Cohort from a player instead the flag league and is not statistically
of tackle significant
Kerr et al' (Sep. US: Arizona, 3167 Prospective 2FB Rule change: Age- only (AO)- - Concussion - The proportion of injuries that were
2015) Indiana, participants observational seasons team organized children by rate concussions in the AO standard (12.9%)
Injury Rates in Massachusetts, (number of cohort enrollment age (or grade in was 1.8 times that of the AW standard
Age-Only Versus Ohio, South participants in school). Age-weight (7.2%; 95% CI, 1.3-2.5).
Age-and- Weight Carolina, West each group not (AW)- children may -Found the concussion rate to be lower
Playing Standard Virginia specific) play with others of in the AW standard compared to the

Conditions in
American Youth
Football

various ages if
matched by some
combination of age
and weight

AO(RR, 0.6 95% CI, 0.3-1.4) However,
this effect was minor relative to the
imprecision of the estimate (confidence
limit ratio, 4.7)

10



Table 1 Cont.
Youth football interventions and regulations'~¢

Citation(s) Location Sample Study Length Intervention Intervention Description Outcome Relevant findings
Design of Type measures
study
Kerr et al® (Jul. 2015) US: Arizona, 2108 Cohort 1FB Educational: HUF leagues had an identified - Number of - 45 total concussions: NHUF
Comprehensive Indiana, participants Study season HUF, Rule player safety coach - completed concussions group (48.9%,22), HUF (35.6%,
Coach Education and Massachusetts, (HUF+PW: change: HUF training. Education -hands on and 16), HUF+PW (15.6%,7)
Practice Contact South Carolina 742, HUF practice training of equipment fitting, concussion -The HUF+PW practice concussion
Restriction only:663, contact didactic and participant rate rate (0.19/1000 AEs) did not
Guidelines Result in NHUE: 704) restriction demonstration of proper tackling significantly differ from that of the

Lower Injury Rates in
Youth American
football

technique, strategies for reducing
contact, didactic information
regarding concussion, heat illness,
recognition

-Rule change in 2012: practice
contact restrictions- No full-speed
head-on blocking or tackling drills
with players more than 3yds apart,
amount of contact at practice
reduced to max 1/3

NHUF group (0.59/1000 AEs; IRR
0.33;95% CI, 0.11-1.02).

-The HUF+PW practice concussion
rate was lower than that of the
HUF-only group (0.65/1000 AEs;
IRR, 0.30; 95% CI, 0.09-0.96)

- No statistical difference, when
restricted to concussions in games

11



Table 2

High-school football interventions and regulations

37-44

Citation(s) Location Sample Study Design Length of Intervention Intervention Outcome Relevant findings
study Type Description measures
Swartz et al’’ (2019) US: Not 180 participants RCT 2(11 Educational: HuTT consisted of a 3- - Head impact - Players in the WoH group
A helmetless- specified initially enrolled- week) FB The phase progression exposure using experienced 26%-33% fewer
tackling intervention 115 (59 WoH, seasons helmetless (Static, Dynamic, SmartImpactM game related ImpAE at two
in American football 56 control) tackling and Functional) of 10 onitors(SIM-G) identical time points across
for decreasing head completed the blocking instructional drills both seasons
impact exposure: a study. intervention performed without -WoH participants had fewer
randomized (HuTT; helmets and shoulder ImpAE during games
controlled trial University of pads. Intervention compared to control at weeks 4
New sessions were 10min (p=0.0001 season 1, p=0.0005
Hampshire) long - set of two drills. season 2) and 7 (p=0.0001 both
Pre-season (4 sessions seasons)
per week) competition -WoH participants also had
season (2 session per fewer ImpAE at week 7 during
week). training (p=0.015) versus
control in season 1
Broglio et al*® (2016) US: Michigan 41 participants- Cross-sectional 2FB Rule change: "After the 1st regular- - Head impact - Average athlete sustained
Football Players' (26 before rule study seasons Statewide season game, teams exposure using 592+ 391 impacts during 2013,
Head-Impact change, 24 after (2013, restriction on may conduct no more Head-Impact compared with 345+ 236 in
Exposure After rule change) 9 2014) full- contact than 2 collision Telemetry 2014.
limiting of Full- participated in practices practices" the system (HIT) - Head impact exposure
Contact Practices both years. preseason rule was -Number of declined by 41.8% between
unchanged- "Before concussions seasons, with a 52.9% decline
the first regular-season during practices and 24.8%
game, schools may not decline during games
schedule more than 1 - 8 concussions over the 2
collision practice in a years: 3 diagnosed in 2013 and
day." 51in 2014. The small case does
not allow for conclusions
-no change in mean impact
magnitude between 2013 and
2014
-Impact rates to the front, back,
and side declined
Kerr et al*® (2016) US: Indiana 390 participants- Cohort Study 1FB Educational Coaches completed the - Number of -17 concussions were reported
Comparison of (PSC group-204, season program: football-specific concussions comprising 11.4% of all
Indiana High School EDU group-186) (2015) HUF coaching education injuries - EDU group
Football Injury Rates course, and the HUF (88.2%, n=15/17) as compared
by inclusion of the certification course with the PSC group (11.8%,
USA Football comprised of 4 n=2/17)
"Heads Up Football" modules: concussion, -In practice, when restricted to
Player Safety Coach heat and hydration, concussions only the IRR was
cardiac arrest, and lower in the PSC group (0.09
proper tackling, vs. 0.73/1000 AEs; IRR, 0.12
blocking and 95% CI10.01-0.94)
equipment fit. The PSC - In games, when restricted to
schools had an concussions only the IRR was
identified individual not significantly different PSC
that participated in the vs. EDU group (0.60 vs
in-person training 4.39/1000 AEs, IRR, 0.14;
program with a master 95% CI, 0.02-1.11)
trainer.
Combs et al** (2019) US: Not 220 participants Clustered quasi- 3FB Educational High-risk players - Head impact - 53% of mentored athletes
Biomechanic Data- specified (143 experimental seasons program: attended 3 individual exposure using demonstrated a reduction in
Driven Behavior intervention; 77 (Abstract) tackling or small group- in helmet high magnitude impacts (>60g)
Modification to control): 32 behavioral education sessions over accelerometers - In mentored players,
Reduce Concussion classified as 3 weeks with a mentor proportion of head impacts
Risk in High-School high-risk who analyzed game classified as high magnitude
Football Athletes participants film to teach better dropped 1.07% vs. <1% in non-
playing techniques mentored
- 66% of mentored athletes
demonstrated a reduction in
top-of-head impacts
- On average top-of-head
impacts dropped 2.75% in
mentored athletes and 2.04% in
non-mentored
Champagne et al*! Canada: Not 70 participants- Experimental 1FB Educational Data-informed - Head impact - 30% decrease in total
(2019) specified (participated in Study season program: behavioral intervention exposures using frequency of impacts per
Data-informed baseline (practice tackling designed to improve gForce Tracker session in practice 1 month
Intervention measurements only) behavioral both blocking and after introduction of
Improves Football and after tackling techniques. intervention
Technique and intervention): 19 Used film analysis - No difference in cumulative
Reduces Head participants from baseline rotational velocity(g): Pre-
Impacts agreed to wear assessment after MID 4047.46+1838.71, Post-
helmet season to help catalyze 3789.98+2170.24 (P=0.6378)
accelerometers performance - Average cumulative linear
improvement acceleration(g) decreased: Pre-
272.19+112.78, Post-
186.10+80.98 (P=0.0037)
Shanley et al*? US: South 2,514 Prospective 2FB Educational One coach from each - Number of - The risk of an SRC was 1.5
(2019)  Heads Up Carolina participants- cohort seasons program: HU trained school concussions times (95% CI, 1.1-2.1) or 32%
Football Training (HU: 1818, (2015, HUF completed US football and rate of lower for players in HU vs. the
Decreases NHU: 696) 2016) safety dard: i NHU (4.1 vs. 6.0/ 100players)

Concussion Rates in
High School Football
Players

Heads Up (HU)
teaches all aspects of
player safety-
including proper
tackling and blocking
techniques

- In entire cohort- games (61)
vs. practice (56) the rate ratio
(1.1; 95% CI, 0.73-1.5),
however was not significant

- SRCs in practice significantly
greater in NHU vs. HU
(RR=1.9; 95% CI, 1.1-3.2)

12




Table 2 Cont.

High-school football interventions and regulations®”#*
Citation(s) Location Sample Study Design Length of Intervention Intervention Outcome Relevant findings
study Type Description measures
Pfaller et al*® (2019) Us: 3232 Cohort Study 3 FB seasons Rule Change: Competition/full - Number of - The rule change resulted in
Effect of a New Rule Wisconsin participants- (2012,2013 limiting contact was not concussions 57% decline in concussions in
Limiting Full Contact (2287 players in seasons-before contact allowed in the and rate of practices
Practice on the Incidence 2012-2013, 945 rule change, during first week and concussions -Concussion incidence was
of Sport-Related players in 2014) 2014-after rule practice was limited to significantly greater in practice
Concussion in High change) 75minutes in during the 2012-2013 seasons
School Football Players week 2 (0.76 per 1000 AEs), before the
(excluding a WIAA rule change, than during
scrimmage), and the 2014 season (0.33 per 1000
to 60min per AEs), after the rule change
week (excluding (P=0.003).
games) in week - The competition concussion
3 and beyond rate was not changed (5.74 per
1000 AEs in 2014 and 5.81 per
1000 AEs in 2012-2013,
P=0.999)
Martini et al* (2013) Us: 83 participants- Cohort Study 2 FB seasons Educational: The two - Head impact -RFO practices: 8.10+4.83 per
Subconcussive Head Michigan, (RFO: 42, PFO: (Illinois-2009) Coaching different exposures using player, games: 21.65+18.53 per
Impact Biomechanics: Illinois 41) (Michigan- tactical offensive HIT player; t=-4.59, p<0.05. PFO
Comparing Differing 2011) change schemes practices: 4.16+3.15 per player,

Offensive Schemes

consisted of a
run first offense
(RFO) and a
pass first offense
(PFO)

games: 16.33+19.60 per player;
t=-3.93, p<0.05. Significant
difference in average number
of impacts per practice between
RFO and PFO t=4.42, p<0.05.
However, head impact
frequency during games did not
differ between the RFO and
PFO

-PFO linear accelerations
across season greater vs. RFO
(28.56+17.84 g vs.
25.67+15.30; t=-16.08,
p<0.05).
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Table 3

Collegiate football interventions and regulations

45-49

| Citation(s) | Location | Sample | Study Design Length of Intervention Intervention Outcome Relevant findings
study Type Description measures
Swartz at al* US: Not 50 RCT 2 FB seasons Educational: The intervention - Head impact - End of 1st season: intervention
(2015) Specified participants (2014, 2015) Helmetless- group participated in a exposure using resulted in a 28% reduction in head-
Early results (Intervention: only results tackling drill of approx 5min xPatch impact frequency per AE, the
ofa 25, Control: from 2014 w/o helmets and control groups head impacts
helmetless- 25) shoulder pads. Drills remained the same (9.99+ 6.10 and
tackling twice per week during 13.84+7.27; P=0.009).
intervention to preseason (3weeks) -The intervention group average of
decrease head and once per week 30% fewer impacts per AE than the
impacts in during season (16 control group (9.99+ 6.10 and
football weeks) 14.32+8.45; P=0.045)
players
Stemper et al* US: Colorado, 342 Cohort Study 2 FB seasons Rule change: 2017- Rule change - Head impact - Overall, athletes sustained an
(2019) New York, participants (2016- restriction on eliminated 2-a-day exposure using average of 26% more head impacts
Repetitive North Carolina, (before rule before rule, preseason preseason practices HIT systems during the preseason in 2017, and
head impact Wisconsin, change: 225, 2017- after practice -Number of 20% fewer total head impacts during
exposure in Virginia after rule rule) concussions the 2017 regular season(p<0.05)
College change: 235) - 37 concussions: 2016-17, 2017-20,
football some not statistically significant
following an participated in - Preseason contact intensity per
NCAA rule both seasons athlete increased by 10.8% from
change to 2016 (9.3+6.3 impacts per hour) to
eliminate two- 2017 (10.3+6.9 impacts per hour)
a-day
preseason
practices: A
study from the
NCAA-DoD
CARE
Consortium
Wiebe et al*’? US: Rhode Not Cohort Study 5 FB seasons Rule change: 2016 rule change- - Number of - Mean annual concussion rate per
(2018) Island, New specifically (2013, 2014, restriction on kickoff line was concussions 1000 plays during kickoff plays was
Association York, New mentioned- 2015 - before game rules moved from the 35 yd and concussion 10.93 before the rule change and
Between the Hampshire, each Ivy rule), (2016, to the 40 yd line, and rate 2.04 after the rule change
Experimental Massachusetts, League team 2017- after the touchback line was (difference, -8.88; 95% CI, -13.68 to
Kickoff Rule Pennsylvania, has about 100 rule) moved from the 25yd -4.09) -159
and New Jersey, players line to the 20yd line total concussions (126 before and 33
Concussion Connecticut after rule change)
Rates in Ivy - 7.51 fewer concussions (95% CI, -
League 12.88 to -2.14) occurred for every
Football 1000 kickoff plays after vs. before
the rule change

Clark et al** US: Ohio Not Retrospective 8 FB seasons Training: Vision During football camp - Number of - 41 total concussions (35 before and
(2015) specifically analysis (2006, 2007, training (2.5 weeks) camp concussions 6 after vision training)
An mentioned- 2008, 2009- players had approx and concussion -Vision training- 1.4 concussions
Exploratory All University before 40min of vision rate per 100 player seasons
Study of the of Cincinnati training) training per day, 6 or -No vision training- 9.2 concussions
Potential football team (2010, 2011, 7 days a week. 20 min per 100 game exposures
Effects of members 2012, 2012- of dynavision, 7- - Average number of concussions
Vision from the 2006 intervention) 10min of per season: 8.75+1.7 before vision
Training on to the 2013 tachistoscope, 7- training, and 1.5+1.0 after vision
Concussion seasons. 10min of Pinhole training
Incidence in 2006: 103, glasses. During season
Football 2007:102 a maintenance phase

2008: 103, using dynavision for

2009: 109, 10min

2010: 113,

2011: 110,

2012: 109,

2013:105
Stemper et al* US: Colorado, 334 Cohort Study 2 FB fall Rule change: The NCAA in 2018 - Head impact -2017: 47,304 preseason head
(2020) New York, participants: preseasons preseason reduced the total exposure using impacts, 2018: 40,900 preseason
Head Impact North Carolina, 2017: 225, (2017, 2018) practice number of allowable HIT system head impacts. Statistically
Exposure in Wisconsin, 2018: 201. restriction preseason on-field significant based on team and
College Virginia Some players practices from 29 to position group (p<0.0001)
Football participated in - Two teams demonstrated

following a
Reduction in
Preseason
Practices

both seasons

statistically significant increase in
the number of recorded head
impacts per day from 2017 to 2018
-The number of head impacts per
athlete was not significantly
different between seasons a median
of 174 head impacts (2017) and a
median of 161 head impacts (2018)
-Team-by-team differences in
preseason head impact burden
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The types of interventions and regulations studied in articles that met inclusion criteria can
be categorized into 4 groups: rule changes, training, education/instruction/coaching tactical
changes, and tackle football alternatives. Figure 2 depicts the categorization of studies by
intervention and regulation. Seven studies evaluated the effectiveness of rule changes,!->-38:43:46:47.49
two studies evaluated the effectiveness of training programs,*>>° 9 studies evaluated the

5,6,37,39-42,44,45

effectiveness of education/ instruction/ coaching tactical changes, and 3 studies

evaluated the effectiveness of alternatives to tackle football.>

Of the 7 studies that evaluated the effectiveness of rule changes, 5 articles assessed rule
changes targeting practice conditions,’*34:464% 1 article evaluated rule changes targeting game
conditions,*” and 1 article analyzed the difference between rules for player enrollments.! Two
alternatives to tackle football were evaluated in studies that met inclusion criteria. These
alternatives included TackleBar football and flag football. Players in TackleBar football use the
“wrap and rip” technique to remove a bar from the opponents waistline in order for the player to
be considered down.? In flag football, instead of tackling, players remove a flag from the opponents
waistline. One study evaluated the effectiveness of TackleBar football,? and 2 studies evaluated
the effectiveness of flag football.* Of the 9 studies that evaluated the effectiveness of education/
instruction/ coaching tactical changes, 4 studies evaluated USA football’s Heads Up Football

(HUF) program,>3%42 2 studies evaluated a Helmet-less Tackling Training (HUTT) Program,’74°

2 studies evaluated different tackling behavioral interventions,*>#!

and 1 study evaluated the
difference between offensive coaching tactics.** Lastly, of the two studies that evaluated the

effectiveness of training programs, 1 study evaluated a vision training program,* and 1 study was

a protocol for a neck strengthening program (TRAIN).>
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Figure 2
Intervention categories of included studies

|

[ .
ePractice rule change
(5): Y(1), H(2), €(2)
eGame rule change

eVision training
(2): C
*Neck

(1): C strengthening
eTeam enrollment(1); (1): H+C
Y
\ Rule change Key:

C: Collegiate studies
H: High-school studies
Y: Youth studies

Education/
Instruction/ I
coaching eHelmetless- tackling
tactical (2): H(1), C(1)
changes eHeads Up Football (4):
Y(2), H(2)
eTackling behavioral
intervention (2): H(2)
eTactical offensive
schemes (1): H

Tackle
football
alternatives

eTackleBar
football (1): Y

*Flag football (2) :
Y(2)

J

Note: There are 21 articles because one article had more than one intervention®

Studies analyzing effectiveness of youth football interventions or regulations

Study location: All 6 studies were conducted in the United States across different states including:
Arizona (n=3), Indiana(n=2), Massachusetts(n=2), South Carolina(n=3), West Virginia(n=1),
Ohio(n=1), Minnesota(n=1), Wisconsin(n=1), and Iowa(n=1).""° Two studies did not specify
which state in the U.S.3#

Participants: A total of 10,115 youth football players participated in studies included this review,
however some studies that used historical data as a comparison did not mention number of

participants. Out of 10,115 youth football players, 2,663 participants participated in the
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intervention and 4,286 participants were in control or comparison groups. The number of
participants in respective groups does not add up to the total number because some studies did not
specify groups. Toninato et al? did not mention number of participants in the comparison group
and Kerr et al' did not specify the number of participants in either group. Player experience, prior
years played, was not mentioned in any of the included studies.

Study design: Six studies analyzed the effectiveness of interventions or regulations on head
impacts or head injuries in youth football and were included in this review: 5 cohort studies and 1
descriptive epidemiology study.!"¢ Of the 5 cohort studies, 3 were prospective cohort studies.!-**
Participant recruitment varied between study designs. Toninato et al? collected data from teams
with players that played TackleBar football. Lynall et al® recruited players that either played tackle
football or flag football and had individuals consent to be in the study. Peterson et al* recruited 3
football leagues (2 tackle leagues and 1 flag league). Kerr et al' (Sep. 2015) recruited teams that
met certain requirements, such as age, located within 30 miles of the university or health care
system providing athletic trainer, and had multiple game fields close to allow access for athletic
trainers. Kerr et al® (Jul. 2015) also enrolled teams based on criteria such as, leagues completing
required education or identifying as having no policy or procedure for educating coaches, and
having game fields centrally located so athletic trainers could attend. Lastly, Kerr et al® (2015)
recruited leagues that either completed the educational program or identified as not having policy
for educating coaches, and participants consented to be a part of the study.

Length of study: A majority of studies in this age group were conducted over the course of 1

football season. Only one study analyzed 2 football seasons, following teams for both seasons.!

None of the interventions were studied long-term.
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Intervention: The interventions that were analyzed in articles that met inclusion criteria were
diverse. Three studies evaluated alternatives to tackle football,>* one study evaluated an
educational program,’ one study evaluated a rule change,' and one study evaluated an educational
program and rule change.’ Alternatives to tackle football that were studied included flag football
and TackleBar football, of which two studies analyzed flag football.>* Heads Up Football (HUF)
educational program was evaluated in two studies.> In addition to evaluating the HUF educational
program, Kerr et al® (Jul. 2015) also assessed the effectiveness of a rule change that targeted
contact practice restrictions. Players were not allowed to participate in full speed head-on drills
with players more than 3 feet apart.’ In addition contact practice was restricted to a max of 1/3 of
practice time.> An additional rule that was evaluated addressed how players were enrolled for
different teams, age-only (AO) vs. age-weight (AW).!

Control/ comparison group: For two of the six studies, comparison groups consisted of players on

tackle football teams that had coaches that did not receive formal educational training.> The three
studies that evaluated alternatives to tackle football, utilized tackle football players as a
comparison. Kerr et al' (Sep. 2015) compared tackle football teams that had different player
enrollment rules, AO vs. AW.

Outcome measures: As shown in Table 1, all studies assessed the effectiveness of interventions or

regulations on head impacts and injuries using the following outcome measures: head impact
exposures, number of concussions, and concussion rates. A majority of studies for youth football
evaluated outcomes using number of concussions, and concussion rates as outcome measures.
Only two studies measured head impact exposures. Lynall et al* measured head impact exposures
using Triax Smart Impact Monitors (SIM-G) (14g threshold). Kerr et al® (2015) used xPatch

accelerometers (10g threshold) to measure head impact exposures. Athletic trainers helped record
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and report concussions for three out of the five studies that reported concussion data.!>¢ Two
studies utilized team personnel, such as the head coach or assistant coach to record injuries.>*

Preliminary intervention effects/ main findings: Of the two studies analyzing the effectiveness of

flag football as a safer alternative to tackle football, Peterson et al* found that although the
concussion rate was higher in flag football it was not statistically significant. Results from Lynall
et al® showed that tackle football players had a higher head impact ratio during games, practices,
and both combine than flag football players.> However, flag football in comparison to tackle
football players had increased odds of sustaining rotational acceleration head impacts between
2500-7500 rad/sec? and reduced odds of sustaining higher magnitude impacts.® TackleBar football
was another alternative to tackle football that was studied and included in this review. Results
showed that the overall injury rate, any injury occurring in practice or a game requiring the
attention of a coach or trained professional that required an athlete to sit out, was higher in tackle
football. 2 In addition, the rate of concussions in TackleBar football players was lower than the
rate in tackle football, 0/1000 athletic exposures (AE) and 0.68/1000 AE, respectively.?

The Heads Up Football (HUF) educational program was evaluated in two studies that
utilized different approaches. Kerr et al® (Jul. 2015) results found that the concussion rate was not
statistically different when restricted to games only. The game concussion rate for the intervention
group with practice restrictions (HUF+PW), intervention group (HUF), and nonintervention group
(NHUF) were 0.68/1000 AE, 1.50/1000 AE, and 1.46/1000 AE, respectively.” However, the
HUF+PW group had a lower practice concussion rate, 0.19/1000 AE, than the intervention group
with only HUF, 0.65/1000 AE.> The concussion rate of those in NHUF was 0.58/1000 AE.> Kerr
et al® (2015) also evaluated the HUF program, but included head impact data as well as concussion

data. Results from this study indicated that more impacts occurred in the NHUF group (62%, 4637)
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than the HUF group (38%, 2841), however when impacts were restricted to games there was no
difference between the number of impacts per individual.® Although there was a total of 6
concussion in the NHUF group and 0 concussions in the HUF, researchers found that there was no
difference between concussion rates when including all players in both leagues.®

Lastly, Kerr et al! (Sep. 2015) found that concussion rates to be lower in teams organized
by age-weight (AW) standards (0.8/1000AE) than age-only (AO) standards (1.2/1000 AE), but

this effect was minor.

Studies analyzing effectiveness of high-school football interventions or regulations

Study location: Studies analyzing the effectiveness of football interventions and regulations on
head impacts or head injuries for high-school participants were conducted across states in the
United States (n=7) and in Canada(n=1) including: Michigan(n=2), Indiana(n=1), South
Carolina(n=1), Wisconsin(n=1), and Illinois(n=1).>"* Two studies in the U.S. and one study in
Canada did not specify states.?”404!

Participants: A total of 6,665 high-school football players participated and completed trials
included in this review. Out of the 6,665 participants, 4,647 players were in intervention groups,
while 2,097 participated in control/comparison groups. The total number of participants in the
different groups does not add up to the total number of participants because two studies had
participants that were part of both groups.’®#! Number of participants included in each study varied
remarkably, with a range of 41- 3,232 participants. Only one study accounted for players previous
playing experience, mentioning that there was no difference amongst players’ experience.** Swartz

137

et al’’ mentioned participants playing level (upper-level, entry-level) at the time of enrollment but

did not account for the difference in number of years players had been playing football.
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Study design: Eight studies evaluated the effectiveness of interventions or regulations in high-
school football and were included in this review: one randomized controlled trial (RCT), four
cohort studies, one cross-sectional study, one clustered quasi-experimental study, and one
experimental study. 3"#* The methods used to recruit teams and participants varied across
experimental designs. Shanley et al*? recruited teams that met certain criteria. Teams had to have
a minimum of one athletic trainer, a fellowship-trained primary care sports medicine physician,
and receive medical care within the Greenville Hospital System Athletic Training Network.*?
Swartz et al*’ recruited football participants in a group setting amongst entry-level and upper-level
teams with at least two years of eligibility and then randomized participants to either the
intervention or control group. Broglio et al*® enrolled participants from one school that were part
of a larger multiyear study. Kerr et al*® recruited high-schools that met the following criteria,
located in Indiana, had a high-school football program, and had one athletic trainer. One article
only had an abstract published, therefore recruitment information for this study was missing.*’
Champagne et al*! enrolled participants who consented and no other information was provided in
the study. Pfaller et al*3 recruitment consisted of a convenience sample of high schools with players
that were on one of the school’s interscholastic football teams. Lastly, Martini et al* recruited
varsity football players from two different schools that had different offensive schemes, pass first
offense (PFO) vs. a run first offense (RFO).

Length of study: The length of study for each article varied but was relatively short for all included

studies. Study range consisted of 1-3 football seasons. However, length of study does not mean
that all participants in both groups were followed for that amount of time. For example, Broglio et
al®® reported data from 2 football seasons, however the first football season was data from

participants before the rule change and the second season was data from participants after the rule
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change. Only nine players participated in both seasons.?® The length of study for Pfaller et al** was
3 football seasons, however the study followed participants before the rule change for 2 football
seasons and participants after the rule change for 1 football season. The length of study for Martini
et al** was 2 football seasons, but participants in each group were only followed for 1 season. On
the other hand, three studies followed their participants in both groups for multiple seasons. Two
studies, Shanley et al*?> and Swartz et al®’ followed all participants for 2 football seasons. Combs
et al*® followed participants in the intervention and control groups for 3 football seasons.
Champagne et al*! and Kerr et al* followed all participants for 1 football season.

Intervention: The interventions studied in these articles were diverse. Of the 8 studies, 6 studies

implemented educational interventions,?”-3%-42:44

and 2 studies analyzed the effectiveness of rule
changes.*®* Only one study randomized participants to the intervention arm of the study.’” Rule
changes in both studies targeted limiting the number of full contact practices.’®* Kerr et al** and
Shanley et al*? analyzed the effectiveness of USA Heads Up Football (HUF) program. Although

both studies analyzed the effectiveness of HUF, Kerr et al*°

analyzed a certain aspect of the HUF
program, the inclusion of a player safety coach (PSC). Two studies used data-informed/ data-
driven behavioral interventions to improve football techniques.***! Swartz et al*’ implemented a
helmetless tackling and blocking intervention (HuTT) and Martini et al** analyzed the difference
between offensive coaching tactics, a run first offense (RFO) vs. a pass first offense (PFO). The
delivery of intervention varied across studies; including trained coaches and research personnel.

Rule changes during practices were expected to be upheld by coaches of teams participating.

Control/comparison group: All eight studies used a comparison or control group, with only one

study randomizing participants.’” Control or comparison groups included participants before a rule

change, participants participating in football related training as normal, participants on teams with
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different offensive schemes, and participants on teams with coaches that did not receive
educational training.

Outcome measures: As shown in Table 2, all studies assessed the effectiveness of rule changes or

educational interventions using the following outcome measures: head impact exposures, number
of concussions, concussion rates, or a combination of these outcomes. Head impact exposures were
measured using different accelerometers. Two studies collected data using the Head-Impact
Telemetry (HIT) system (threshold 10g),*®* one study used SmartImpactMonitors (SIM-
G)(threshold of 10g),>” one used the gForce tracker (threshold of 15g),*! and one did not mention
the type of helmet accelerometer.*® Validation of head impact exposures and impact thresholds
also varied across studies. None of the studies measuring head impacts used video validation to
validate impacts. Concussion definitions and methods studies used to collect concussion data were
not consistent. Athletic trainers were utilized in three studies to diagnose and report

39,42,43

concussions, and one study was not specific.®

Preliminary intervention effects/ main findings: Two studies analyzing the effectiveness of HUF

on head injuries found that the number of concussions were lower in the intervention group.’**?

However, Kerr et al*® found that this difference was not significant when restricted to games and
Shanley et al*? found that sports-related concussions in practices were significantly greater in the
control group. Of the two studies analyzing rule changes, Broglio et al*® found that no conclusions
were able to be drawn about the effectiveness of the rule change on limiting number of concussion
due to the small number of concussions, but did find that head impact exposures declined by 41.8%
in the intervention group. On the other hand, Pfaller et al** found that the rule change resulted in a
57% decline in concussions in practices. Swartz et al’’” demonstrated that a HuTT could reduce

frequency of head impacts in games. Data-informed/ data-driven educational interventions in
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Champagne et al*! and Combs et al** demonstrated different results. Champagne et al*! results
signified that there was a reduction in total frequency of impacts per season in practices. More than

half of the mentored athletes in Combs et al*?

showed reductions in high magnitude impacts above
60g . Martini et al** found that differences in number of impacts per player during practices exists

between a run first offense(RFO) vs. a past first offense(PFO). Players on teams with RFO had a

significantly greater number of impacts during practices than players part of a PFO.*

Studies analyzing effectiveness of collegiate football interventions or regulations

Study location: All studies analyzing the effectiveness of collegiate football interventions or

regulations on head impacts or head injuries for collegiate players were conducted in states across
the United States including: Colorado(n=2), New York(n=3), North Carolina(n=2),
Wisconsin(n=2), Virginia(n=2), Rhode Island(n=1), New Hampshire(n=1), Massachusetts(n=1),
Pennsylvania(n=1), New Jersey(n=1), Connecticut(n=1), and Ohio(n=1).** Swartz et al** (2015)
did not specify state location.

Participants: A total of 726 collegiate football players participated and completed studies included
in this review, however this number is not fully representative of all players because two studies
did not mention the total number of participants in the study. Clark et al*® specified the number of
players by year, however it is unclear whether players participated in multiple years. Wiebe et al*’
mentioned each team had approximately 100 players but was not specific to be able to include in
the total. Of the 726 players, 461 players were in intervention groups, while 475 participated in
control/intervention groups. The number of players in each group does not add up to the total
number of players because some participants were in both groups. Players previous playing

experience was not mentioned.
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Study design: Five studies analyzed the effectiveness of intervention or regulations on head
impacts or head injuries in collegiate football.*** The types of study designs varied across
interventions and regulations. As shown in Table 3, study designs included one RCT, three cohort
studies, and one retrospective analysis. #° Only one study design randomized participants.
Swartz et al* (2015) stratified participants by position and then randomized players to the
intervention or control group.

Length of study: The 5 articles varied significantly on the length of study. Length of study ranged

from 2-8 football seasons. However, as previously mentioned the length of study does not mean
that all participants were followed for the total length of study. Swartz et al* (2015) followed
participants for 2 football seasons, however only 1 season of results have been published. Stemper
et al*® (2019) and Stemper et al*® (2020) followed participants for 2 football seasons, however not
all players participated in both years. One study followed players for 8 football seasons, but the
study did not mention whether players participated during multiple years and researchers
retrospectively collected data for the 4 seasons before the intervention was implemented.*®

Intervention: Of the five studies, three articles evaluated the effectiveness of a rule change on head
impacts or head injuries.***”* Two rule changes in this age group targeted preseason practices
and one rule change adjusted the playing conditions for games. 4¢4"4° Swartz et al** (2015) studied
the effectiveness of a helmetless tackling intervention. Clark et al*® evaluated the effectiveness of
a vision training intervention at limiting the number of concussions. Rule changes during practice
were expected to be incorporated by coaching staff and rule changes during games were upheld
by the league and referees. Interventions were implemented by trained coaches and in one study,

Swartz et al* (2015), principal investigators were also present for each intervention.
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Control/ comparison group: Three of the five studies had participants in control/ comparison

groups that played under old rules before a rule change. The last two studies had comparison
groups that consisted of players that did not receive training or players that would complete
placebo, non-contact football skills for the same length as intervention participants.

Outcome measures: As shown in Table 3, all studies assessed the effectiveness of intervention or

regulations on head impacts or head injuries using outcome measures such as head impact
exposures, number of concussions, concussion rates, or a combination of these outcomes. Two
types of impact sensors were used to measure head impact exposures. Swartz et al* (2015) used
xPatch head impact sensors (threshold of 10g) and two studies collected head impact data using
the Head-Impact Telemetry (HIT) system (threshold 9.6g).4¢* Studies that reported concussion
data were collected by athletic trainers.

Preliminary intervention effects/ main findings: Stemper et al*® (2019) and Stemper et al*® (2020)

both evaluated preseason rule changes; however, these rule changes were different and thus had
different results. Stemper et al*® (2019) discovered that a rule eliminating 2-a-day preseason
practices did not reduce the number of head impacts. Overall, athletes sustained an average of 26%
more head impacts during preseason after the rule change.*® The difference between number of
concussions was not significant.*® Stemper et al** (2020) found that a rule eliminating the total
number of allowable preseason practices had mixed results across teams. Another rule change that
was evaluated in this age group was a rule change that targeted games. In 2016, an experimental
rule was implemented in Ivy League football moving the kickoff line and touchback line.*” This
rule change resulted in a reduction in the mean annual concussion rate per 1000 plays.*’ Clark et

al*® results indicated an association of a decrease in the number of concussions amongst football
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players that performed vision training exercises. Lastly, early results from a helmetless tackling
intervention resulted in a reduction of head impact frequencies per athletic exposures.*
Evaluation of Risk of Bias

Out of the 20 studies that met inclusion criteria, 17 articles were assessed for risk of bias.
Three studies were not assessed for risk of bias because one study was an abstract with not enough
information,* one was a protocol,’® and one was a descriptive epidemiology study.? The full
assessments using the tool for risk of bias can be found in supplemental Appendix B. Of the 17
articles. Of the 17 articles, 15 were non- randomized trials and were assessed using the (ROBINS-
I) tool.3® Two randomized controlled trials were evaluated using the RoB 2 tool.* Results indicated
that of the 15 non-randomized studies; 7 were assessed as critical risk of bias,> 414448 3 a5 serious

38.39.46 and 5 as moderate risk of bias.38:3943:47:49 Both randomized controlled trials that

risk of bias,
met inclusion criteria for this study had high risk of bias.
Discussion

The number of head injuries in American tackle football is concerning. Prevention of
concussions in tackle football have been the primary target of interventions and regulations;
however, due to the growing concern of subconcussive impacts and the development of newer
technologies measuring head impact exposures, interventions and regulations are now targeting
impact exposures as well. This study highlights the effectiveness of previous and current avenues
of regulations and interventions in youth, high-school, and collegiate football.

Studies have shown mixed results regarding the extent interventions and regulations can
reduce head impact exposures. For example, a reduction in preseason practices, as mentioned

previously, showed differences in head impact exposure amongst teams.** Some teams showed a

decrease in the average of head impact exposure, while another team, under the same regulation
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showed an increase in daily impact exposure. Variability in the reduction of head impact exposures
may be attributed to different sensors being used to measure head impact exposures and
confounding domains. In addition, daily head impact exposures have been found to be influenced
by many variables including, practice duration, contact intensity, and time spent performing high
risk practice drills.>? This might suggest a need for rules that are inclusive and can directly target
the variables that influence daily head impact exposures on a team basis.

Head impact exposures measured in the studies included in this review were measured with
not only different devices, but also devices that have variable threshold values, and devices with
different measurement errors. In addition, some studies verified impacts with video validation
while others failed to do so. A systematic review of head impact measurement devices found that
measurement error with nonhelmeted devices was, “as high as 50% for peak resultant linear
acceleration and angular acceleration.” One of the RCT included in this review measured head
impact exposures with this device (xPatch), therefore results from this study have a high risk of
bias, which was found to be true in risk of bias assessment.

The threshold values of devices used in this study ranged between 9.6g-15g. While 5g is a
small percentage of the range seen, most impacts for tackle football players are found in this range
with a median of 19g for youth football players.>* Therefore, it makes it difficult to interpret results
together across studies. Standardization of the threshold may help to be able to synthesize results
for a better understanding of the effectiveness of regulations.

Due to many confounding domains that may have influenced outcomes, the risk of bias
was relatively high for each study included in this review. Risk of bias tool assessed domains of
bias including study design, conduct, and reporting.’>-¢ Therefore, results must be cautiously

interpreted. Five confounding domains that may have influenced intervention outcomes include
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players previous playing experience, previous concussion history, perception of risk and coaches
coaching experience and perception of risk. The extent to which these confounding domains may
have influenced the results is unknown. A known previous concussion history has been identified
as a risk factor for subsequent concussions.>>

To our knowledge, to date there have been no studies that have evaluated the effectiveness
of a rule change on head impacts over multiple years after implementation. In addition, many of
the current studies that analyze rule changes fail to follow the same participants before the rule
change and after the rule change. For example, Broglio et al*® did not follow the same participants
therefore contributing to potential risk of bias. Future studies should try to implement these
changes in their design. In addition, some regulations have already been implemented, but the
effectiveness of these regulations have not been studied or published in research papers.

Limitations

There were a number of limitations associated with conducting this review. The first
limitation of the present review was the number of reviewers. Only one reviewer screened articles,
extracted data, and evaluated the risk of bias for each article. The Institute of Medicine does not
recommend a single reviewer for a systematic review due to potential biases.>® Although, this study
has some characteristics of a systematic review, it ultimately falls short of a traditional systematic
review and therefore, should be categorized as a systematized review.>’ Potential biases in this
review may be present in article selection, analysis, and evaluation of risk of bias. A second
reviewer was only consulted for further review when inclusion and exclusion was unclear for an
article during a full text screen. Another limitation during the literature search, while systematized,
was that a hand search was not performed, and only English language articles were included. This

may be a limitation because some relevant articles could have been missed. However, relevant
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articles were likely to appear in the six databases that were searched. In addition, the majority of
American football is played in the United States, therefore studies are likely to be in English.
Similar to the limitations of a previous systematic review of concussion prevention
strategies, a limitation of this review was the methodological quality of studies included in this
review.> Only a select few articles were randomized controlled trials, which presents obstacles
for synthesizing and interpreting results.** The limitations of this present study highlights the need
for high-quality methodological studies evaluating the effectiveness of interventions and/or
regulations on head impacts and head injuries in youth, high-school and collegiate tackle football.
In addition, due to the lack of long-term studies following participants, the relationship
between frequency, magnitude, and location of impacts and long-term neurocognitive health is not
well understood.* Long-term studies following individual football players may be valuable to help
understand the relationship in order to make further recommendations for regulations and

interventions in tackle football.

30



Appendix A

Appendices

List of search query and results for each database

Database

Query

Final
Results

Date

PubMed

(football[MeSH] OR football[tiab]) AND (Head [MeSH] OR Head
[tiab] OR Brain Injuries, Traumatic[MeSH] OR brain concussion/
prevention and control [MeSH] brain injury*[tiab] OR
concussion[tiab] OR brain contusion[tiab] OR TBI[tiab] OR
MTBI[tiab] OR SRCJ[tiab] OR head impact*[tiab]) AND (Head
protective devices]MeSH] OR "prevention and control"
[Subheading] OR head protective device*[tiab] OR helmet[tiab] OR
protect® equipment[tiab] OR protect* gear[tiab] OR HEADS
Up[tiab] OR coach* education[tiab] OR head impact exposure[tiab]
OR head impact burden[tiab] OR practice reduc*[tiab] OR safe
tackling[tiab] OR safe tackle[tiab] OR organizational policy[MeSH]
OR rule modification[tiab] OR injury risk[MeSH] OR injury
rates[tiab] OR full contact[tiab])

548

20-Feb

Embase

('"football'/exp OR football OR football:ti,ab,kw) AND ('traumatic
brain injury'/exp OR 'traumatic brain injury' OR 'brain contusion'/exp
OR 'brain contusion' OR 'head injury'/exp OR 'head injury' OR
'concussion'/exp OR concussion OR 'brain concussion'/exp OR 'brain
concussion' OR 'brain injury'/exp OR 'brain injury' OR 'sports related
concussion'/exp OR 'sports related concussion' OR 'traumatic brain
injury':ti,ab,kw OR 'brain contusion':ti,ab,kw OR 'head
injury":ti,ab,kw OR concussion:ti,ab,kw OR 'brain injury":ti,ab,kw
OR tbi:ti,ab,kw) AND (‘helmet'/exp OR helmet OR 'sports
equipment'/exp OR 'sports equipment' OR 'protective equipment'/exp
OR 'protective equipment' OR 'head impact'/exp OR 'head impact'
OR 'organizational policy'/exp OR 'organizational policy' OR 'injury
risk'/exp OR 'injury risk' OR 'heads up':ti,ab,kw OR 'coach
education':ti,ab,kw OR 'head impact burden':ti,ab,kw OR 'practice
reduc*':ti,ab,kw OR 'safe tackling':ti,ab,kw OR 'safe tackle":ti,ab,kw
OR 'rule modification':ti,ab,kw OR 'injury risk':ti,ab,kw OR 'injury
rates":ti,ab,kw OR 'full contact':ti,ab,kw)

833

20-Feb

PsycInfo & Eric

Football AND ( traumatic brain injury OR brain contusion OR head
injury OR concussion OR brain concussion OR brain injury OR
sports related concussion ) AND ( helmet OR sports equipment OR
protective equipment OR head impact OR organizational policy OR
injury risk OR injury rates OR heads up OR coach education OR
head impact burden OR practice reduc* OR safe tackling OR safe
tackle OR rule modification OR full contact )

161

20-Feb
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Appendix A Cont.
List of search query and results for each database

Database

Query

Final
Results

Date

Cochrane

Football AND ( traumatic brain injury OR brain contusion OR head
injury OR concussion OR brain concussion OR brain injury OR
sports related concussion ) AND ( helmet OR sports equipment OR
protective equipment OR head impact OR organizational policy OR
injury risk OR injury rates OR heads up OR coach education OR
head impact burden OR practice reduc* OR safe tackling OR safe
tackle OR rule modification OR full contact )

59

20-Feb

Global Health

Football AND ( traumatic brain injury OR brain contusion OR head
injury OR concussion OR brain concussion OR brain injury OR
sports related concussion ) AND ( helmet OR sports equipment OR
protective equipment OR head impact OR organizational policy OR
injury risk OR injury rates OR heads up OR coach education OR
head impact burden OR practice reduc* OR safe tackling OR safe
tackle OR rule modification OR full contact )

91

22-Feb

All Databases

Total Results

1692

Removed Duplicates

1192

Appendix B

Risk of Bias table with links to completed RoB tool>-

(2015)

Citation Overall Risk of Bias Google link w/completed tool

Swartz et al’” | High risk of bias https://drive.google.com/file/d/1WodOppUQputvT
(2019) 9R-GOGcoE8G1 _aAjDP/view?usp=sharing
Swartz et al*> | High risk of bias https://drive.google.com/file/d/14Tf5vvrgptjcL.3D

FQi19w3zKvHJj07be4/view?usp=sharing

Clark et al*® Critical risk of bias https://drive.google.com/file/d/IR20hASum9EMO
(2015) 4qyO06VIgOld-DkuMKiV/view?usp=sharing
Shanley et al*? | Serious risk of bias https://drive.google.com/file/d/1C1WkOaFu5lp-
(2019) Ht9VoFrO_EMGqkS2ET4B/view?usp=sharing

Broglio et al®®

(2016)

Moderate risk of bias

https://drive.google.com/file/d/1knbN49QW-

MCOUOWHBj 2zSfU4R7Umsod/view?usp=sharin

g

32




Kerr et al!

Serious risk of bias

https://drive.google.com/file/d/1bl.z-az_ Ax-

(Sep. 2015) pzZM uvv3IG81SMY2HAoc0/view?usp=sharing
Champagne et | Critical risk of bias https://drive.google.com/file/d/1jZpKLxzeGP_Vp
al*!' (2019) A47Ldsgxv-MVUFt7inv/view?usp=sharing

Kerr et al*® Moderate risk of bias https://drive.google.com/file/d/1aEp9IRQWQI30d
(2016) Iniw2L8ICCPhOYgleKN/view?usp=sharing

Stemper et al*’

(2020)

Moderate risk of bias

https://drive.google.com/file/d/1UZKx7UMmMWw
ejopw4DxQKLyG AK QB _-H/view?usp=sharing

Martini et al**
(2013)

Critical risk of bias

https://drive.google.com/file/d/1ZBy8he62Vp697
TL8ixlpYZnWICL Speuf/view?usp=sharing

Wiebe et al*’
(2018)

Moderate risk of bias

https://drive.google.com/file/d/151wPqWksjEtC6z
AZ2L_uWmK9fnj8vDfG/view?usp=sharing

Pfaller et al*?
(2019)

Moderate risk of bias

https://drive.google.com/file/d/1TI __bg4GoFUHO
h2 _td fXYcAM7{ZNFDr/view?usp=sharing

Stemper et al*
(2019)

Serious risk of bias

https://drive.google.com/file/d/1u4su4DSnGGAsJ
ga3m3aCalY GXnb6nhgoh/view?usp=sharing

Kerr et al® (Jul.

Critical risk of bias

https://drive.google.com/file/d/1 IMPht4SLooMbM

2015) SQPu29xUqjg0M52Txp/view?usp=sharing

Kerr et al® Critical risk of bias https://drive.google.com/file/d/1W1sEX-M6Ua3E-
(2015) 0DI9v1Expio66xjZpP{T/view?usp=sharing

Lynall et al® Critical risk of bias https://drive.google.com/file/d/10FUAJxiZXvj-
(2019) Eidm9pgVAHYGGNYK7Hxq/view?usp=sharing

Peterson et al*
(2017)

Critical risk of bias

https://drive.google.com/file/d/1MWByxzsNWr2
NZdUQApLdBLP_JTL34igl/view?usp=sharing

33




10.

11.

12.

References

Kerr ZY, Marshall SW, Simon JE, et al. Injury Rates in Age-Only Versus Age-and-Weight
Playing Standard Conditions in American Youth Football. Orthop J Sports Med. 2015;3(9).
doi:10.1177/2325967115603979

Toninato J, Healy T, Samadani U, Christianson E. Injury Rate in TackleBar Football.
Orthop J Sports Med. 2019;7(10). doi:10.1177/2325967119874065

Lynall RC, Lempke LB, Johnson RS, Anderson MN, Schmidt JD. A Comparison of Youth
Flag and Tackle Football Head Impact Biomechanics. J Neurotrauma. 2019;36(11):1752-
1757. doi:10.1089/neu.2018.6236

Peterson AR, Kruse AJ, Meester SM, et al. Youth Football Injuries: A Prospective Cohort.
Orthop J Sports Med. 2017;5(2):2325967116686784. doi:10.1177/2325967116686784

Kerr ZY, Yeargin S, Valovich McLeod TC, et al. Comprehensive Coach Education and
Practice Contact Restriction Guidelines Result in Lower Injury Rates in Youth American
Football. Orthop J Sports Med. 2015;3(7). doi:10.1177/2325967115594578

Kerr ZY, Yeargin SW, Valovich McLeod TC, Mensch J, Hayden R, Dompier TP.
Comprehensive Coach Education Reduces Head Impact Exposure in American Youth
Football. Orthop J Sports Med. 2015;3(10):2325967115610545.
doi:10.1177/2325967115610545

Tackle football: number of participants U.S. 2018. Statista.
https://www.statista.com/statistics/191658/participants-in-tackle-football-in-the-us-since-
2006/. Accessed December 20, 2019.

Feudtner C, Miles SH. Traumatic Brain Injury News Reports and Participation in High
School Tackle Football. JAMA Pediatr. 2018;172(5):492-494.
doi:10.1001/jamapediatrics.2017.5242

Murphy AM, Askew KL, Sumner KE. Parents’ intentions to allow youth football
participation: Perceived concussion risk and the theory of planned behavior. Sport Exerc
Perform Psychol. 2017;6(3):230-242. doi:10.1037/spy0000102

Langlois J, Rutland-Brown W, Wald M. The Epidemiology and Impact of Traumatic Brain
Injury: A Brief Overview. J Head Trauma Rehabil. 2006;21(5):375-378.

Daneshvar DH, Nowinski CJ, McKee A, Cantu RC. The Epidemiology of Sport-Related
Concussion. Clin Sports Med. 2011;30(1):1-17. doi:10.1016/j.csm.2010.08.006

Dick R, Agel J, Marshall SW. National Collegiate Athletic Association Injury Surveillance
System Commentaries: Introduction and Methods. J Athl Train. 2007;42(2):173-182.

34



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Crisco JJ, Greenwald RM. Let’s get the head further out of the game: a proposal for
reducing brain injuries in helmeted contact sports. Curr Sports Med Rep. 2011;10(1):7-9.
doi:10.1249/JSR.0b013e318205e063

McCrea M, Hammeke T, Olsen G, Leo P, Guskiewicz K. Unreported Concussion in High
School Football Players: Implications for Prevention. Clin J Sport Med. 2004;14(1):13-17.

Register-Mihalik JK, Guskiewicz KM, McLeod TCV, Linnan LA, Mueller FO, Marshall
SW. Knowledge, Attitude, and Concussion-Reporting Behaviors Among High School
Athletes: A Preliminary Study. J Athl Train. 2013;48(5):645-653. doi:10.4085/1062-6050-
48.3.20

Bailes JE, Petraglia AL, Omalu BI, Nauman E, Talavage T. Role of subconcussion in
repetitive mild traumatic brain injury. J Neurosurg. 2013;119(5):1235-1245.
doi:10.3171/2013.7.JNS121822

Alosco ML, Stern RA. Youth Exposure to Repetitive Head Impacts From Tackle Football
and Long-term Neurologic Outcomes: A Review of the Literature, Knowledge Gaps and
Future Directions, and Societal and Clinical Implications. Semin Pediatr Neurol.

2019;30:107-116. doi:10.1016/j.spen.2019.03.016

McKee AC, Alosco M, Huber BR. Repetitive Head Impacts and Chronic Traumatic
Encephalopathy. Neurosurg Clin N Am. 2016;27(4):529-535.
do0i:10.1016/j.nec.2016.05.009

NDO002-17m19a-Mfrd-FB-Helmets-Standard-Performance-1.pdf. https://nocsae.org/wp-
content/uploads/2018/05/ND002-17m19a-Mfrd-FB-Helmets-Standard-Performance-1.pdf.
Accessed April 7, 2020.

Virginia Tech Helmet Ratings. https://helmet.beam.vt.edu/index.html. Accessed April 7,
2020.

NOCSAE Winter Standards Meeting Update: NOCSAE Begins Formal Process to Develop
a Youth Football Helmet Performance Standard. NOCSAE. March 2020.
https://nocsae.org/nocsae-winter-standards-meeting-update-nocsae-begins-formal-process-
to-develop-a-youth-football-helmet-performance-standard/. Accessed April 7, 2020.

Rowson S, Duma SM. Development of the STAR evaluation system for football helmets:
integrating player head impact exposure and risk of concussion. Ann Biomed Eng.
2011;39(8):2130-2140. do1:10.1007/s10439-011-0322-5

Hoshizaki TB, Post A, Oeur RA, Brien SE. Current and future concepts in helmet and

sports injury prevention. Neurosurgery. 2014;75 Suppl 4:S136-148.
doi:10.1227/NEU.0000000000000496

Rowson S, Duma SM, Greenwald RM, et al. Can helmet design reduce the risk of
concussion in football? J Neurosurg. 2014;120(4):919-922. doi:10.3171/2014.1.JNS13916

35



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

McCrory P, Meeuwisse WH, Aubry M, et al. Consensus statement on concussion in sport:
the 4th International Conference on Concussion in Sport held in Zurich, November 2012.
Br J Sports Med. 2013;47(5):250-258. doi:10.1136/bjsports-2013-092313

Benson BW, McIntosh AS, Maddocks D, Herring SA, Raftery M, Dvorak J. What are the
most effective risk-reduction strategies in sport concussion? Br J Sports Med.
2013;47(5):321-326. doi:10.1136/bjsports-2013-092216

Alois J, Bellamkonda S, Campolettano ET, et al. Do American Youth Football Players
Intentionally Use Their Heads for High-Magnitude Impacts? Am J Sports Med.
2019;47(14):3498-3504. doi:10.1177/0363546519882034

Daneshvar DH, Baugh CM, Nowinski CJ, McKee AC, Stern RA, Cantu RC. Helmets and
Mouth Guards: The Role of Personal Equipment in Preventing Sport-Related Concussions.
Clin Sports Med. 2011;30(1):145-163. doi:10.1016/j.csm.2010.09.006

Register-Mihalik J, Baugh C, Kroshus E, Y. Kerr Z, Valovich McLeod TC. A
Multifactorial Approach to Sport-Related Concussion Prevention and Education:
Application of the Socioecological Framework. J Athl Train. 2017;52(3):195-205.
doi:10.4085/1062-6050-51.12.02

veortez. Concussion Timeline. NCAA.org - The Official Site of the NCAA.
http://www.ncaa.org/sport-science-institute/concussion-timeline. Published December 11,
2015. Accessed January 18, 2018.

Ivy League Coaches Approve Banning Full-Contact Football Practices | News | The
Harvard Crimson. http://www.thecrimson.com/article/2016/3/2/Ivy-football-no-contact/.
Published April 13, 2017. Accessed April 13, 2017.

Pop Warner toughens safety measures by limiting contact in practice.
http://www.espn.com/espn/story/ /id/8046203/pop-warner-toughens-safety-measures-
limiting-contact-practice. Published August 25, 2016. Accessed August 25, 2016.

Schneider DK, Grandhi RK, Bansal P, et al. Current state of concussion prevention
strategies: a systematic review and meta-analysis of prospective, controlled studies. Br J
Sports Med. 2017;51(20):1473-1482. doi:10.1136/bjsports-2015-095645

Wallace BC, Small K, Brodley CE, Lau J, Trikalinos TA. Deploying an interactive machine
learning system in an evidence-based practice center: abstrackr. Proc ACM Int Health
Inform Symp IHI. 2012:819-824.

Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron |, Cates CJ, Cheng H-Y,
Corbett MS, Eldridge SM, Herndan MA, Hopewell S, Hrébjartsson A, Junqueira DR, Jiini P,
Kirkham JJ, Lasserson T, Li T, McAleenan A, Reeves BC, Shepperd S, Shrier |, Stewart LA,
Tilling K, White IR, Whiting PF, Higgins JPT. RoB 2: a revised tool for assessing risk of bias in
randomised trials. BMJ 2019; 366: 14898.

36



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Sterne JAC, Hernan MA, Reeves BC, Savovié J, Berkman ND, Viswanathan M, Henry D,
Altman DG, Ansari MT, Boutron I, Carpenter JR, Chan AW, Churchill R, Deeks JJ,
Hrébjartsson A, Kirkham J, Jini P, Loke YK, Pigott TD, Ramsay CR, Regidor D, Rothstein HR,
Sandhu L, Santaguida PL, Schiinemann HJ, Shea B, Shrier |, Tugwell P, Turner L, Valentine
JC, Waddington H, Waters E, Wells GA, Whiting PF, Higgins JPT. ROBINS-I: a tool for
assessing risk of bias in non-randomized studies of interventions. BMJ 2016; 355; i4919;
doi: 10.1136/bm;.i4919.

Swartz EE, Myers JL, Cook SB, et al. A helmetless-tackling intervention in American
football for decreasing head impact exposure: A randomized controlled trial. J Sci Med
Sport. 2019;22(10):1102-1107. doi:10.1016/j.jsams.2019.05.018

Broglio SP, Williams RM, O’Connor KL, Goldstick J. Football Players’ Head-Impact
Exposure After Limiting of Full-Contact Practices. J Athl Train. 2016;51(7):511-518.
doi:10.4085/1062-6050-51.7.04

Kerr ZY, Dalton SL, Roos KG, Djoko A, Phelps J, Dompier TP. Comparison of Indiana
High School Football Injury Rates by Inclusion of the USA Football “Heads Up Football”
Player Safety Coach. Orthop J Sports Med. 2016;4(5). doi:10.1177/2325967116648441

Combs PR, Ford CB, Nocera M, et al. BIOMECHANIC DATA-DRIVEN BEHAVIOR
MODIFICATION TO REDUCE CONCUSSION RISK IN HIGH SCHOOL FOOTBALL
ATHLETES. Orthop J Sports Med. 2019;7(3_suppl):2325967119S00105.
do0i:10.1177/2325967119S00105

Champagne AA, Distefano V, Boulanger M-M, et al. Data-informed Intervention Improves
Football Technique and Reduces Head Impacts. Med Sci Sports Exerc. 2019;51(11):2366—
2374. doi:10.1249/MSS.0000000000002046

Shanley E, Kissenberth MJ, Brooks J, et al. Heads Up Football Training Decreases
Concussion Rates in High School Football Players. Orthop J Sports Med. 2017;5(3 suppl3).
doi:10.1177/2325967117S00131

Pfaller AY, Brooks MA, Hetzel S, McGuine TA. Effect of a New Rule Limiting Full
Contact Practice on the Incidence of Sport-Related Concussion in High School Football
Players. Am J Sports Med. 2019;47(10):2294-2299. do0i:10.1177/0363546519860120

Martini D, Eckner J, Kutcher J, Broglio S. Subconcussive Head Impact Biomechanics:
Comparing Differing Offensive Schemes. Med Sci Sports Exerc. 2013;45(4):755-761.
doi:10.1249/MSS.0b013e3182798758

Swartz EE, Broglio SP, Cook SB, et al. Early Results of a Helmetless-Tackling Intervention
to Decrease Head Impacts in Football Players. J Ath! Train. 2015;50(12):1219-1222.
doi:10.4085/1062-6050-51.1.06

Stemper BD, Shah AS, Harezlak J, et al. Repetitive Head Impact Exposure in College
Football Following an NCAA Rule Change to Eliminate Two-A-Day Preseason Practices:

37



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

A Study from the NCAA-DoD CARE Consortium. Ann Biomed Eng. 2019;47(10):2073-
2085. doi:10.1007/s10439-019-02335-9

Wiebe DJ, D’Alonzo BA, Harris R, Putukian M, Campbell-McGovern C. Association
Between the Experimental Kickoff Rule and Concussion Rates in Ivy League Football.
JAMA. 2018;320(19):2035-2036. do0i:10.1001/jama.2018.14165

Clark JF, Graman P, Ellis JK, Mangine RE. An Exploratory Study of the Potential Effects
of Vision Training on Concussion Incidence in Football. Optometry & Visual Performance.
2015;3(2):10.

Stemper BD, Shah AS, Mihalik JP, et al. Head Impact Exposure in College Football
following a Reduction in Preseason Practices. Med Sci Sports Exerc. 2020;Publish Ahead
of Print. doi:10.1249/MSS.0000000000002283

Toninato J, Casey H, Uppal M, et al. Traumatic brain injury reduction in athletes by neck
strengthening (TRAIN). Contemp Clin Trials Commun. 2018;11:102-106.
doi:10.1016/j.conctc.2018.06.007

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 2009;6(7).
doi:10.1371/journal.pmed.1000097

Asken BM, Brooke ZS, Stevens TC, et al. Drill-Specific Head Impacts in Collegiate
Football Practice: Implications for Reducing “Friendly Fire” Exposure. Ann Biomed Eng.
2019;47(10):2094-2108. doi:10.1007/s10439-018-2088-5

O’Connor KL, Rowson S, Duma SM, Broglio SP. Head-Impact-Measurement Devices: A
Systematic Review. J Athl Train. 2017;52(3):206-227. doi:10.4085/1062-6050.52.2.05

Cobb BR, Urban JE, Davenport EM, et al. Head Impact Exposure in Youth Football:
Elementary School Ages 9-12 Years and the Effect of Practice Structure. Ann Biomed Eng.
July 2013. doi:10.1007/s10439-013-0867-6

Scopaz KA, Hatzenbuehler JR. Risk Modifiers for Concussion and Prolonged Recovery.
Sports Health. 2013;5(6):537-541. doi:10.1177/1941738112473059

Institute of Medicine (US) Committee on Standards for Systematic Reviews of
Comparative Effectiveness Research. Finding What Works in Health Care: Standards for
Systematic Reviews. (Eden J, Levit L, Berg A, Morton S, eds.). Washington (DC): National
Academies Press (US); 2011. http://www.ncbi.nlm.nih.gov/books/NBK209518/. Accessed
April 7, 2020.

Grant MJ, Booth A. A typology of reviews: an analysis of 14 review types and associated

methodologies. Health Inf Libr J. 2009;26(2):91-108. doi:10.1111/5.1471-
1842.2009.00848.x

38



