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PART I

THEORETICAL FRAMEWORK & DISSERTATION AIMS



THEORETICAL FRAMEWORK
Introduction

Despite recent reports of declining participation, American football remains widely
popular; so popular that all versions of high school football (11, 9, 8, 7, and 6-player versions of
the game) have had over 1 million high school athletes participating in the sport every year for
the past 10 years.!> The United States national estimate of sports-related injuries in the high
school population during the 2022-2023 year was over 1.5 million, with the sport of football
claiming a third of that.> When observing solely football during the 2022-2023 season,
concussions were the most frequent injury, estimating about 18.6% of all injuries sustained in
both competition and practices combined.> Concussions are still the most common injury during
both competitions and practices when observed separately.>* The most reported activities during
instances of concussion in high school football were tackling, being tackled, and blocking.? Over
the years, several rules, regulations, and interventions have been established in the sport to

combat these head-safety risks and concerns for its participants.

Phillips and Crisco conducted a systematic review observing regulations and behavioral
interventions in the sport of football (youth, high school, and collegiate levels) and its effects on
head impacts and concussions.’ They reviewed four categories of interventions and regulations,
including rule changes (practice, games, and team enrollment), training (vision and neck
strength), education/instruction/coaching tactile changes (tackle training and tactical offensive
schemes), and tackle football alternatives (TackleBar and Flag football). Changes in the practice
and game rules resulted in a decrease in concussion rates during practices and a decrease in the

head impact rates in both practices and games.® Similar reductions in head impacts and
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concussions were found in those who underwent educational/instructional interventions. These

rule changes and regulations bring positive outcomes to football by improving head safety risks.
The difference between these rule changes and educational interventions (i.e., tackle training) is
that the rules are regulated. In contrast, participation in tackle training is a decision the coaching

staff determines for their team.

Tackle training interventions approach player behavior and how they conduct their safety
and the safety of others during practices and competitive games. However, they are only as
effective as the coach’s willingness to instruct and encourage proper safety behavior to their
players. There is little investigation of head impact biomechanics in high school football in those
undergoing varying tackling training adherence and compliance rates. So far only one study by
Swartz et al. investigated the effectiveness of tackling training based on coach and player
adherence.® Further knowledge in tackling training effectiveness and adherence rates can help to
make connections between the two, solidify the effectiveness of tackling training, and further

defining adherence and compliance in a behavioral intervention.
Football & Head Safety

From 2013 until 2017, data on football-related head and neck injuries was collected from
the National Electronic Injury Surveillance System (NEISS) database.” Data collected found
nearly 100,000 head and neck-related visits to the emergency department (ED) each year in the
United States. Of those reports, 50% were adolescents (13-18 years old), and 40% were children
(0-12 years old). Injury sites to the head (70%), face (13%; including nose, periorbita, and
eyelids), and neck (10%) were the most common. The most common injuries were concussions

(39%), internal organ injuries (26%), and lacerations (11%). Children and adolescents were more
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likely to sustain injury to the head, while adults had about equal occurrence of injury to head and
face. There was a higher diagnosis of concussions and internal organ injuries for children and

adolescents, while adults had a higher diagnosis of lacerations.’

A similar collection of data from 2014-2018 in the NEISS looked at injuries from tackle
football, non-tackle football (i.e., flag, touch, 7v7), basketball, and soccer in patients aged 6-18.
Reporting of the injury rate estimate (95% Confidence Interval [CI]), of the non-tackle football
injuries, lacerations were the most common (43.2 [31.6-54.8]) followed by concussion (40.7
[29.6-51.8]) and internal head injury (27.2 [19.3-35.1]). Tackle football’s highest reported
injuries were concussions (770.4 [643.2-897.6]) followed by internal head injury (611.1 [506.0-
716.2]), and lacerations (120.9 [93.2-148.6]). Compared to all sports, non-tackle football had the
lowest rate of head-related injuries, less than one-fourth the rate compared to basketball and
soccer and less than one-tenth the rate compared to tackle football. Contact with another
person/player was the most reported object causing injury to the head for all the sports; non-
tackle football contributed 48% while tackle football contributed 67%. The most common
contacting body part for non-tackle football was “other” (suggesting entire body contact, did not

specify, or uncertain), while tackle football reported the “head.”®

Zendler et al. reported that non-contact football had the lowest rate of head-related
injuries when compared to other sports, while tackle football had the highest,® which can allude
to the possibility that the sport of football itself does not put the players’ head safety at risk, but
the tackling mechanisms utilized in the sport may do. Pankow et al. reported that 80-91% of
concussions sustained during high school tackle football games were from player-to-player

contact.* Amongst the player-to-player concussions sustained, 45-74% of the head impacts were
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from contact with another player’s helmet. Of the concussions sustained from helmet-to-helmet
contact, 37-48% of the time tackling was the mechanism of injury.* Kerr et al. found that within
high school football, most impacts to the top of the head that caused a loss of consciousness
(LOC) were from ‘head-down’ behavior.” Based on the findings of several studies, the tackling
mechanics utilized in the sport of football have some correlation to the participant’s head-safety
risk.*7?

Head-safety risks in the sport may seem more prevalent during games than during
practices due to competitiveness, aggression, and the fight to win the game.'®!! The research
found thus far in high school football has shown that participants do have a higher rate of
concussions and a higher frequency of head impacts during one football game when compared to
one contact practice. However, the number of practices is much higher throughout one season
than the number of games. #°°~'? This means that practices have shown to have about the same
head injury rate throughout an entire season as competitive games do. Of the reported
concussions in both practices and games, the incidence rates tend to circle back around to player

contact behavior.*>%12

Head impacts, or head impact exposure (i.e., frequency or force), are directly related to
the risk of sustaining a concussion, cervical spine injury, and long-term neurocognitive
pathologies.!*!” Since the mandated use of safety equipment (helmet, face mask/shield, shoulder
pads) in the sport of football in the 1950s-60’s, there has been an increase in head-down tackling
behavior.!® This correlation between regulated safety equipment and an increase in head-initiated
behavior has been attributed to risk homeostasis (compensation) theory.!® Risk compensation

theory argues that an individual’s behavior can be influenced based on their perception of the risk

13



of injury and that the perceived risk can change when a protective countermeasure is
introduced.!*?! In terms of football, this suggests the more safety equipment used during play,
the more aggressive the individual may be due to the feeling of being more protected by said
equipment. Other factors, such as experience,?? cultural, social, and psychological influences can
influence an individual’s accepted risk.!”?° This can come through pressure and influences of

coaches, parents, teammates, and the community to do well in the sport.

Due to higher rates of head injury risk in football when compared to other sports,® a lot of
research and advocacy has been conducted revolving around the differing ways the prevalence of
head injury can be reduced in the sport, such as game policy change, practice restrictions, coach
and player education, etc.*> Although most of those strategies used did show positive changes in
reducing the prevalence of head and neck injuries, the players’ tackling behavior/mechanisms
remain problematic.>*%° Tackling training is one of the few ways that take an intrinsic approach
to the players tackling biomechanics, changing their movement and body position behavior in
games and practices. Expanded education on the positive influences that tackling training can
provide, along with proper adherence and compliance to these tackling training methods, could

enforce great change within football by decreasing the rate of head safety risks.
Helmetless Tackling Training

Organizations, including the National Federation of State High School Associations
(NFHS) and USA Football, have released tackling training methods and drills such as Heads Up
Football (HuFF).?** However, these resources are a suggested list of drills instead of a
progression of tackling/blocking. Helmetless Tackling Training (HuTT®) is a tackling program
that utilizes systematic progression through several drills.***® Apart from HuTT® being a
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systemic progression, it was also formed with risk-compensation theory in mind. This is done by
requiring drills to be performed without any equipment (helmet and shoulder pads). By being
performed without equipment, the perception risk for injury increases and, therefore, will cause a
decrease in risky behavior. This form of tackling training encourages players to remove their

heads from play instead of leading with it.

Swartz et al. conducted two randomized control trials and a quasi-experimental,
prospective cohort study (two on high school athletes and one on collegiate) where athletes
underwent weekly HuTT® training.%*>*¢ Throughout two seasons, the results at the high school
level varied, with a significant reduction of head impacts per athlete exposure (Imp/AE) during
games at weeks four and seven. During the first season, week four’s control group had an
Imp/AE of 8.8 £ 0.48, while the intervention group had 5.9 + 0.48. Week seven Imp/AE of the
control group was at 9.5 + 0.51, while the intervention group was at 6.5 £ 0.51. During season
two, week four, the control group’s Imp/AE was 8.9+0.48, and the intervention group’s 6.6 +
0.48. Week seven Imp/AE of the control group was 10.0 + 0.52 while the intervention group had
7.3 £ 0.51.2° When observing collegiate participants for one season, the Imp/AE of the
intervention group (9.99 + 6.10) decreased by 30% when compared to the controls Imp/AE

(14.32 + 8.45) that stayed the same throughout (p =0.045).%°

Despite research into helmetless tackling training showing positive outcomes, those
results may be susceptible to the coach’s role in properly overseeing and/or implementing these
techniques, since the respective teams’ coaching staff are responsible for deploying tackling
training drills with their players. For example, during the third clinical research trial of the

HuTT® training, the researchers encountered various adherence rates from the participating
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football coaches, which affected the outcomes of the primary research objective, which was to
decrease head impact exposure.® Due to this, their data were analyzed based on the participants’
intervention adherence rates (recorded by daily attendance). Statistical significance was found
between non-adherent groups and groups that adhered at least 80% and 60% to the HuTT®
prescription. This unexpected adherence (or compliance) concern has raised additional research

questions to consider for behavioral interventions.

The most recent study by Swartz et al., mentioned above, was the first to consider player
adherence to the intervention prescription in their statistical analysis.® The current literature
surrounding tackling training inadequately reports on coach/player adherence and dosage (i.e.,
frequency, duration, intensity) of an intervention. 2>28 The factor of adherence is crucial for any
interventional study because the completion rate of any intervention can influence the desired
outcome. This lack of reporting adherence could be due to the lack of a set adherence rate for

behavioral intervention protocols.
Considerations for Adherence

Despite resources to encourage safe practices in football, coaches and athletes must
adhere to and comply with these safety practices (i.e., tackling training, practice/game regulation,
etc.) for true positive changes to occur. The terms adherence and compliance tend to be used
interchangeably or sorted in a way that best fits a researcher’s study.?**° Most commonly,
adherence refers to the completion (was it done), while compliance refers to the quality of the
completion (how well it was done) in an intervention. The American Medical Association
(AMA) defines medication adherence as anything above or equal to 80% being adherent and less

t.31

than 80% as non-adherent.”’ Nagpal et al. define low adherence to an exercise intervention as
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<70% completion and high adherence as >70%.* The article does state that adherence is not a
dichotomous variable, meaning that despite the adherence rate, participants’ outcomes may vary

based on the individual and intervention/playing level.>? In football, that statement can reign true

33,34 22,34

based on positional groups, player experience, player confidence,? etc.

Adherence to an intervention is important. However, other factors affect the participants’
willingness to adhere and adequately comply. When observing short-term physical activity
interventions, it was found that patients were more compliant with a daily activity when it was
led by an instructor instead of prescribed self-lead sessions.’> A meta-analysis of medication
adherence found a connection between patient adherence and social support to maintain that
adherence, describing that those who were non-adherent to their treatment lacked emotional and
social support from their peers.*® Another meta-analysis looking at adherence to therapy
interventions for those with severe mental illness found that motivational interviewing-based
compliance/adherence therapy interventions had a positive outcome, suggesting that motivational
therapy interventions from nurses or psychologists decreased patients' overall mental health

symptoms and decreased the likelihood of relapse.’

The results from Norton et al. and Wong-Anuchit et al. suggest that outside support from
peers positively influences patient adherence/compliance to an intervention.>>* In the case of
football, this could look like support and encouragement from coaches, officials, or healthcare
professionals for their players. For an intervention to cause a change resulting in its true intended
benefits, adherence must be accomplished. However, there are very few reports of adherence

rates to tackling training interventions in the sport of football. Adjusting for
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adherence/compliance in a behavioral intervention could help to support or oppose the true

effectiveness of the intervention being studied.
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DISSERTATION AIMS

The purpose of this study was to further investigate the continuing effectiveness of the
HuTT® intervention in a sample of high school football players from several different teams,
some of whom already had experience implementing the intervention. This was accomplished by
analyzing how differing adherence and compliance rates affect head impact biomechanics across

teams with varied intervention maintenance characteristics.

Specific Aim #1: To determine the minimal adherence rate for the effectiveness of a helmetless
tackling training intervention in high school football. It was hypothesized that the Imp/AE will
be affected by adherence rates, specifically that adherence <60% will yield no improvement in

Imp/AE.

Specific Aim #2: To evaluate the continuing effectiveness (i.e., retention/decay,
progression/ascension) of the helmetless tackling training implementation across varied
intervention maintenance characteristics (i.e., adherence and compliance rates) of repeated
participants between two seasons. It was hypothesized that the non-adherent participants would
demonstrate an increase in all Imp/AE and burden in Year 2 compared to Year 1. In contrast, the

adherent participants would demonstrate no changes to those variables.

Specific Aim #3: To study the weekly/season relationship of head impact location and
magnitude burden throughout two seasons in one team. It was hypothesized that the burden
would decrease weekly in Year 1, lowering magnitudes to the front and top locations. While in

Year 2, there would be an increase in burden week to week, mainly higher to the front and top.
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CHAPTER 1

INTERVENTION ADHERENCE
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DIFFERING ADHERENCE RATES TO HuTT® AND ITS EFFECTS ON HEAD IMPACTS IN

HIGH SCHOOL FOOTBALL

ABSTRACT

Despite advancements in head safety measures in American football, head injuries remain
prominent in the sport. While resources promoting safer tackling and blocking techniques exist
(HUF, Shoulder Tackling System, etc.), the effectiveness of improving players’ head safety by
utilizing these resources is determined by consistent adherence and proper compliance by the
coaches and athletes. There are currently no standardized regulations for a tackling training
program, and research regarding adherence rates to a behavioral intervention is limited. This
study aimed to determine the minimal rate of adherence for effectiveness of the HuTT®

intervention in high school football.

Five teams (n = 181) were prescribed a helmetless tackling training program (HuTT®),
and each team had varying adherence and compliance rates throughout one season. Head impact
data were collected through the Riddell InSite Impact Response Systems, a sensor inside each
helmet. The reported head impact data was used to calculate the rate of impacts per athlete
exposure (Imp/AE). Linear regressions and independent sample T-tests were run to analyze the
relationship between Imp/AE and tackling training adherence rates with an alpha level of p <

0.05.

Participants who completed >60% of the HUTT® intervention were considered adherent

and were found to have significantly lower Imp/AE (p <0.001; n =129, 2.06 + 2.28) when
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compared to the non-adherent group that completed <60% of the intervention (n =52, 4.06 +
3.45). Exploratory analysis with non-adherent groups set at <50% and <30% also found
significantly higher Imp/AE compared to those who were >50% (p =0.004; n = 147, 2.20 + 2.44)

and >40% (p =0.014; n = 148, 2.20 + 2.43) adherent, respectively.

This study suggests an adherence rate of >60% to the HuTT® intervention significantly
reduces head impact frequency in high school football. An adherence rate of >60% aligns with
findings from Swartz et al.® and provides additional guidance for behavioral intervention

adherence.

KEYWORDS: American football, tackling training, adherence, adherence rate, head safety,

head impacts

INTRODUCTION

The game of American football is loved by many. However, it still poses many risks of

t,38

head injuries despite the progression of equipment development,” enforcement of safety

3940 and suggested tackling interventions.?> %’ The possibility that old habits and mentality

rules,
surrounding football remain engraved into the coaches and the culture, making it difficult to see
a real positive change in the sport. Old habits and culture can look like encouragement of poor

and dangerous tackling behavior in exchange for a successful take-down. Despite resources that
encourage safe tackling and blocking practices, adherence and compliance to these resources are

required for positive changes to occur. Due to there being no regulation for what football coaches

choose to teach their players in terms of tackling and blocking techniques (except for youth
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football in the state of Indiana*'), there has yet to be much research into how differing adherence
and compliance rates can effect the outcomes of these tackling/blocking interventions. The terms
adherence and compliance are typically used interchangeably, although they do differ slightly.

Adherence usually pertains to the completion rate of the prescription, while compliance refers to

the quality of the prescription’s completion.

Nagpal et al. defines low adherence to an exercise intervention (physical activity regime)
as <70% completion and high adherence as >70%.3? The article noted that adherence is not a
dichotomous variable. This means that despite the adherence rate, participant outcomes may vary

based on the individual and intervention/playing level.? In football, that statement can reign true

33,34 22,34

based on positional groups, player experience, player confidence,?” etc. Nagpal et al.
article assessed exercise adherence.’? The only other source with an adherence threshold is the
American Medical Association (AMA), which defines adherence to a medication as being >80%
and non-adherence being <80%.*! Apart from these two, there are no other stated adherence

thresholds for behavioral interventions, such as tackling training.

Participants’ willingness to adhere and adequately comply is just as important as forced
adherence, for it can influence compliance and true efforts in the intervention. When observing
short-term physical activity interventions, it was found that patients were more compliant with a
daily activity when it was led by an instructor instead of prescribed individual sessions.’> A meta-
analysis of medication adherence found a connection between patient adherence and social
support to maintain that adherence. Describing that those who were non-adherent to their
treatment tended to have lacked emotional and social support from their peers.>® The results from

Nagpal et al. and Wong-Anuchit et al. allude to outside support helping in patient
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adherence/compliance to an intervention.>>*’ In the case of football, this could look like support

and encouragement from coaches, officials, and healthcare professionals to their players.
BACKGROUND

HuTT® is the first to develop a systematic progression of tackling and blocking drills that
also require the removal of all safety equipment (helmet and shoulder pads). The effectiveness of
HuTT®is derived from the concept of risk compensation. Risk compensation theory argues that
an individual’s behavior can be influenced based on their perception of the risk of injury, and that
the perceived risk can change when a protective countermeasure is introduced.!*2! Denoting the
idea that if football players remove their equipment their sense of safety will lower, forcing them
to remove their head from contact when tackling/blocking. It is not a farfetched idea considering
there has been a recorded increase in head and neck injuries since the introduction of hard-shell

helmets.'?

There are currently three published research articles regarding the effectiveness of the
HuTT® technique in both the high school®?¢ and collegiate®> populations. The first study in the
collegiate setting had positive results in decreasing head impacts in the subjects that participated
in the training when compared to the control group.? The earlier study done in the high school
population showed that those who participated in the intervention had a decrease in head impact
frequency during the mid-point of the season.?® These first two studies had full adherence from
the coaches, implemented 100% of the prescription. Although individual player adherence rates
to the intervention were not reported, their inclusion criteria of a 60% attendance minimum to the

intervention (based on attendance) was used. However, during data collection of the most recent
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study in the high school setting, researchers observed less than ideal enthusiasm from the

coaching staff and players, resulting in varying adherence/compliance rates to the intervention.

The coach’s participation played a valuable role in the study, implementing 100% of the
tackling prescription to their players. Since the data collection included varying adherence rates
from all the participating players based on the coach’s instructional frequency and player
attendance, this brought up important research considerations and resulted in adherence rates
being reported in their final results.® Swartz et al. reported adherence rates at two levels (80%
and 60%) with statistically significant lower head impact frequency at both levels.® All the
reports on the effectiveness of HuTT® are very promising in decreasing overall head-safety risk
in the sport of football. However, their most recent study highlights the importance of adherence
reporting, especially since behavioral interventions do not have an officially stated adherence
rate/guidelines to follow to ensure an intended outcome. Due to the gap in literature regarding an
affective adherence rate to a behavioral intervention, this study aimed to determine the minimal

rate of adherence for the effectiveness of the HuTT® intervention in high school football.
METHODS

This study’s data were collected from a larger quasi-experimental, prospective cohort
design.’ Five high school football programs (three varsity and two junior varsity across three
schools) were selected for this study. The data included the third season of data collection from
the larger quasi-experimental study (Year 1 for this study). The data from this season was
selected because it was the first year in the study not affected by the COVID-19 pandemic, and
all the teams were prescribed to complete the intervention (no control groups). Teams were

prescribed a helmetless tackling and blocking behavior intervention (HuTT®; University of New
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Hampshire, Durham, NH) that needed to be completed throughout the 2022 season. After
collecting parent consent and player assent forms (Appendix A), research personnel properly
fitted every player for a new Riddell, Inc. (Elyria, OH) Speed Flex helmet per the manufacturer’s
fitting criteria. Each helmet was equipped with Riddell InSite Impact Response System that
records timestamped head impact frequency, magnitude (low 15-19 g’s; medium 20-28 g’s, high
29-43 g’s, alert 44-62 g’s, and alert >63 g’s), and location (front, top, back, right and left
sides).*>** At the end of the season, data were processed and sent by Riddell in a spreadsheet

format.

Research personnel attended all team-related training sessions for field observations and
quality control. The field notes collected consisted of start/stop times, daily attendance, each
position group’s practice schedule, equipment (i.e., helmets only, uppers, full), level of contact in
accordance with USA Football guidelines, as well as HuTT® program notes (start/stop times,
session attendance, reps/sets, and compliance details). These notes were used to give detailed
insights into any spikes or reductions of head impacts and why, and to filter out any data/head
impacts that occurred outside of an athlete’s exposure (AE). An AE is any team game or practice
session where the helmet was worn, and this was kept track through the athlete’s daily

attendance.

In Year 1 of data collection, five teams were instructed to follow the HuTT® program
until season completion. Each team’s respective coaching staff was educated and trained to
deliver HuTT® program sessions to their players prior to preseason. The program consists of 10
instructional drills structured to provide a 3-phase (i.e., Static, Dynamic, Functional) systematic

progression while performed without any helmets or shoulder pads. (Appendix B). Each team
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needed to complete four sessions (two drills per session) each week for the first two weeks of
preseason, followed by only two sessions a week until the end of the season. See Appendix C for
the full prescription. The session duration spans about 10-20 minutes, depending on the size of
the team, the equipment available, and the drills for each session, which were pre-selected.

Participants performed the sessions by utilizing bags and hand shields.
Statistical Analysis

Imp/AE and individual intervention adherence percentages were recorded. Imp/AE is a
ratio calculated by dividing the participants’ total number of head impacts in one season and by
their number of exposures. The Imp/AE represents the average number of head impacts the
athlete would sustain from participating in one exposure. The total head impact frequency does
not account for magnitude. For example, if a participant sustained one low magnitude impact and
one high magnitude impact, the impact frequency would be two. The adherence percentages
were calculated by using the individual’s total HuTT® attendance (individuals completed
sessions) and dividing by their respective team’s prescribed number of sessions. Exclusion
criteria consisted of attendance of <60% participation/exposure (i.e., practices and games),

quitting or leaving the team, or helmet recording malfunction/failure.

Several linear regressions were run to analyze the relationship of varying intervention
adherence rates and the Imp/AE of the players. The first regression included all the subjects.
Then, subjects with 100% adherence were removed, then those who were 90-100% adherent
were removed, and so on until no significance was found. The regression provided the starting
point at which a ‘non-adherence’ point would be established for the series of independent sample
T-tests that followed. The T-tests compared the Imp/AE of the non-adherent group, established
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from the regression, to differing adherent rate ranges/groups. Data analyses were conducted
using Statistical Package for Social Science (SPSS) Version 29.0.2.0. (IBM®, Chicago, IL) with

an alpha level of p <0.05.

RESULTS

Participants

Data from 231 participants across the five teams throughout one season were collected. A
total of 50 subjects were excluded; 40 had <60% attendance, eight left the team, and two had
helmet failures. Therefore, a total of 181 subjects (male = 179, female = 2, age: 15.62 + 1.19

years) were included in the final analysis. See Table 1 for Adherence Demographics.

Table 1
Adherence Demographics

Adherence Subjects Age Exposure HuTT® Completion Imp/AE*

Range (n) (years)* Attendence (%)* (%)*

<30% 21 16.10 £ 0.70 0.90£0.12 0.11+0.12 442 +348
30-39% 12 16.42 +1.08 0.91+0.11 0.37 +£0.02 4.83+3.82
40 - 49% 1 17+0.0 0.95+0.0 0.44+0.0 2.22+0.0
50 -59% 18 16.17 £ 0.99 0.79+£0.12 0.54 +0.04 3.24+3.26
60 - 69% 27 16.15+1.13 0.81+£0.12 0.65 +£0.02 1.91+£2.01
70 - 79% 36 14.94 + 0.98 0.90 +0.09 0.75+0.02 2.51+2.52
80 - 89% 24 16.29 +0.91 0.88 £0.07 0.86 £ 0.03 2.69 +2.82
90 - 99% 26 15.19 £ 1.06 0.92 +0.06 0.94 +0.02 1.54+1.93
100% 16 14.06 = 0.57 0.97 £ 0.05 1.00 £ 0.0 1.20+1.38

* mean + SD
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Statistical Analysis

An overall linear regression between the Imp/AE and adherence percentages/rate of the
subjects revealed a weak, yet significant, negative association (p <0.001, beta = -3.340, se =
.731). This suggests that the more subjects adhered to the intervention, the less Imp/AE they
sustained. Removal of the following adherence rate levels were significant: 100% adherence
removed (p <0.001, beta =-.309, se =.816), 90-100% removed (p = 0.002, beta = -.265, se =
.981), 80-100% removed (p = 0.001, beta = -.293, se = 1.135), 70-100% removed (p = 0.005,
beta =-.313, se = 1.510). No significance was found once 60-100% intervention adherence was

removed (p = 0.298, beta =-.147, se = 2.322). (Table 2).

Table 2
Regression Analysis of Imp/AE and Intervention Adherence
Unstandardized Standardized

A(il}l:(l)':lr;ce S“l();l] e)scts Imp/AE* R Sqll:are B St;:;i::d Beta t pvalue
All 181 2.63+0.68 0340 0.116 -3.54 0.73 034 -4.84 <001"
0-99% 165 277+£2.88 0309 0.096 -3.39 0.82 031 -4.15 <o01"
0-89% 139 3.00+0.59 0.265 0.070 -0.03 0.98 -0.27 322 0.002"
0-79% 115 3.07+3.01 0293 0.086 -3.70 1.14 -0.29 -326 0.001"
0-69% 79 333+3.19 0313 0.098 -4.36 1.51 -0.31 -2.90 0.005
0-59% 52 406+325 0.147 0.022 -244 2.32 -0.15 -1.05 0.298
0 -49% 34 450+£3.52 0.070 0.005 -1.51 3.83 -0.07 -0.39 0.696

* mean + SD
T signficance

The correlating relationship that adherence rates had on Imp/AE stopped showing
significance (adherence rate does not affect Imp/AE) when those who completed 60-100% of the
intervention were removed. This established a ‘non-adherent’ group, those who completed <60%

of tackling training intervention. The non-adherent group was established for the following five
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independent sample T-tests. Significantly higher Imp/AE were found in the <60% non-adherent
group (n =52, 4.06 £+ 3.45) when compared to an adherent group of >60% (p <0.001; n =129,
2.06 +2.28), >70% (p <0.001; n =102, 2.10 £+ 2.36), >80% (p =0.001; n = 66, 1.88 + 2.25),
>90% (p<0.001; n=42, 1.41 £+ 1.73), and finally 100% adherence (p =0.002; n= 16, 1.20 +

1.38). (Table 3).

Although the regression stopped showing significance at 60% intervention adherence,
further exploration analysis was done. The same series of independent T-tests were re-run, but
instead, the non-adherent group was set at <50%. Results remained the same, with a statistically
significant increase in Imp/AE of the <50% non-adherent group (n = 34, 4.50 + 3.25) to adherent
groups of >50% (p =0.004; n = 147, 2.20 + 2.44), >60% (p <0.001), >70% (p =0.003), >80% (p
=0.004), >90% (p<0.001), and finally 100% adherent (p =0.003;). (Table 3). Another series of T-
tests were run, with the non-adherent group being <30%. No significance in Imp/AE was found
(p =0.054) when the <30% non-adherent group (n =21, 4.42 + 3.78) was compared to the >30%
adherent group (n = 160, 2.40 £ 2.64). Significantly higher Imp/AE were found again when
<30% was compared to >40% (p =0.014; n = 148, 2.20 £ 2.43), >50% (p =0.015), >60% (p
=0.005), >70% (p =0.011), >80% (p =0.009), >90% (p<0.001), and 100% adherence (p =0.003).

(Table 3).
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Table 3
Comparison of Imp/AE and Adherence Percentages

95% Confidence Interval

Non-Adherent Adherent SUI(?SMS Imp/AE* Mselzn t df Dilfwfeiil:lce Cohen's d Lower Upper Sig
4.06 =

<60% 52 345 0.479
>60% ' 129 2.06+£228 0.201 -4.58 179 -2.01 -0.75 -2.87 -1.14 <.001
>70% ' 102 2.10+£236 0234 -416 152 -1.97 -0.71 -2.90 -1.03 <.001
>80% 66 1.88+225 0277 -4.15 116 -2.19 -0.77 -3.23 -1.15 0.001
>90% | 42 1.41+1.73 0267 -454 92 -2.65 -0.94 -3.82 -1.49 <.001
100% * 16 1.20+1.38 0345 -3.23 66 -2.87 -0.92 -4.64 -1.09 0.002

<50% 34 450+3.52 0.604
>50% " 147 220+244 0201 -452 179 2.3 -0.86 -3.30 -1.29 0.004
>60% 129 2.06+£2.28 0201 -4.90 16l -2.44 -0.95 -3.43 -1.46 <.001
>70% ' 102 2.10+£236 0234 -451 134 2.4 -0.89 -3.46 -1.35 0.003
>80% ' 66 1.88+225 0277 -453 98 -2.63 -0.96 -3.78 -1.48 0.004
>90% | 42 1.41+1.73 0267 -5.00 74 -3.09 -1.15 -4.32 -1.86 <.001
100% * 16 1.20+1.38 0345 -3.61 48 -3.3 -1.09 -5.14 -1.46 0.003

<30% 21 442+348 0.759
>30% 160  240+2.64 0209 -3.18 179 -2.02 -0.73 -3.28 -0.77 0.054
>40% ° 148 220+243 0200 -3.69 167 -2.22 -0.86 -3.41 -1.03 0.014
>50% " 147 220+244 0201 -3.68 166 -2.22 -0.86 -3.41 -1.03 0.015
>60% " 129 2.06+228 0201 -4.06 148 -2.37 -0.95 -3.52 -1.21 0.005
>70% 102 2.10+£236 0234 -3.77 121 -2.33 -0.90 -3.55 -1.10 0.011
>80% 66 1.88+225 0277 -3.92 85 -2.55 -0.98 -3.84 -1.26 0.009
>90% " 42 1.41+1.73 0.267 -4.61 61 -3.01 -1.23 -4.32 -1.71 <.001
100% © 16 1.20+1.38 0345 -350 35 -3.23 -1.16 -5.10 -1.35 0.003

* mean + SD
T signficance

DISCUSSION

This study set out to find the lowest rate of adherence to the HuTT® intervention needed

to decrease head impact characteristics in high school football. Our most important findings were

significantly higher Imp/AE in those who were less than 60% adherent compared to those who
were at least 60% adherent to a tackling training intervention. (Figure 1). Currently, only two
resources provide an adherent rate definition and recommendation: the American Medical
Association regarding medication (adherent >80%, non-adherent <80%)*! and Nagpal et al.
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regarding an exercise intervention (adherent >70%, non-adherent <70%).°~ However, there are

no current adherence guidelines or recommendations for behavioral interventions in research.
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The majority of published research regarding tackling training either does not report on
adherence or does not use it as a consideration in their statistical analysis, apart from Swartz et
al. latest publication.® This is an important consideration because it begs the question, ‘at what

point does tackling training lose its intended benefits?’

Figure 1. Imp/AE of Differing Adherence Rates
Adherent vs Nonadherent (<60%)

4.07
; g 2.1 2.06

1.5 1.2 .41
1

0.5
0

100% >90% >80% >70% >60% <60%
Adherence Percentages

The additional T-test series adds to the already reported effectiveness. Results found
decreased Imp/AE in those who were adherent >50% when compared to <50%, as well as in
those who were >40% adherent when compared to <30%. These are exciting outcomes, for it
further supports that low adherence to a tackling training intervention will still yield a positive
outcome in reducing head impacts. The lowest adherence rate that yielded significant change in
Imp/AE was >40% when compared to <30%. Completing 40% of the HuTT® intervention in a

13-weeklong football season is the equivalent of doing one intervention session (two drills) a
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week and for 12 weeks. Completing at least 60% of the intervention would equate to 1.5 sessions
(three drills) a week for 13 weeks. This would only be about 30 minutes a week dedicated to
tackling and blocking skills. The limitations of this study included varying number of subjects
for each adherence range, differing teams at different competitive levels, and differing coaching

staff for the intervention.

In the research setting, subjects fully adhere to the treatment they were prescribed
because the factors are controlled by the researcher directly. In the case of tackling training in the
sport of American football, the treatment prescription is dispensed by the coaching staff, creating
a ‘middle-man’ between the subjects and the researchers. In this study, only three of the five
teams adhered to 100% of the prescription over the course of the season (Table 1: Teams 2, 3,
and 5); the other two teams did not. Team 4 only completed 76.5% of the prescription
(intervention completion percentage is based on what was prescribed and not based on team
completion), and Team 1 had the positional coaches carry out the intervention to their respective
skill groups (no set team completion). The variation of prescription completion, in addition to
player attendance, leads to the differing individual adherence rates in the season. If that were to
happen in a pharmaceutical setting, the results may vary, and it would be difficult to determine if

the medication was effective in treating the patients.

Swartz et al. were the first to analyze and report the effectiveness of the HuTT®
intervention by grouping by adherence rates instead of by a control group.® This study is the
second to expand on the effects of differing adherence levels in a behavioral intervention. The
concluded findings show that participants who were at least 60% adherent to the HuTT®

intervention had a 34% to 50% decrease in their head impact exposure, and those who were
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100% adherent had a 60% to 70% decrease. The results are very promising because the average
Imp/AE in the non-adherent groups was narrow compared to the averages of the control groups
in prior HuTT® studies. The control group in the collegiate setting reported an Imp/AE of 13, and
the high school population had an Imp/AE of about six, depending on the week being reported,
in their control groups. The <60%, non-adherent group in this study yielded an Imp/AE of 4.06 +
3.45, and the intervention’s ability to affect an already small average adds to the current evidence

of the effectiveness of HuTT® in reducing head impact exposure in high school football.
CONCLUSION

The lowest adherent rate that established both a correlating relationship with and
meaningful difference of Imp/AE was at >60%. Apart from the additional findings, >60% could
be considered adherent while <60% as non-adherent in this sample of high school football
players. Further research is needed to better understand behavioral intervention dosing (intensity,
duration, frequency, compliance rate) and effects of differing adherence rates in the interest of

finding the most beneficial responses of the HUTT® intervention in American football.
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CHAPTER 2

INTERVENTION DETERIORATION
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VARYING ADHERENCE TO A TACKLING TRAINING PROGRAM AND ITS EFFECTS ON

HEAD IMPACT CHARACTERISTICS

ABSTRACT

While full adherence to research interventions is often assumed, variations in adherence
and compliance occur and can affect outcomes. In football, helmetless tackling training (HuTT®)
aims to correct head-leading behavior but the effects of varying adherence and compliance rates
over time remain unexplored. This study investigates the sustained effectiveness of HuTT®

across teams with consistent adherence in Year 1 but differing adherence/compliance in Year 2.

Repeated participants from three high school football programs (n = 33) were tracked
over two consecutive seasons. Teams were adherent to a prescribed HuTT® intervention in Year
1. In Year 2, one team maintained adherence with modified compliance (Team A), one ceased
participation (Team B), and one had reduced adherence and compliance rates (Team C). Head
impact data (frequency, magnitude) were collected using Riddell InSite Impact Response
Systems, a sensor inside each helmet. Individual intervention completion rates, head impact
magnitude cumulation, and Imp/AE for practice, game, and overall exposure were calculated.
Paired sample T-tests compared Year 1 to Year 2 changes in Imp/AE and total magnitude burden
for an adherent-adherent group (Team A) and an adherent-nonadherent group (Teams B+C

combined).

The adherent-adherent group (n=12) showed a significant decrease in overall Imp/AE (p

=0.014), practice Imp/AE (p =0.011), game Imp/AE (p =0.018), and total burden (p =0.012)
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between Year 1 and Year 2. The adherent-nonadherent group revealed a significant increase in

game Imp/AE (p =0.004) and total burden (p =0.032) between Year 1 and Year 2.

The reduction of all head-safety characteristics in the adherent-adherent group suggests
that consistent engagement in tackling training is beneficial in reducing head-safety
characteristics and potentially refine tackling skills over time. In the adherent-nonadherent
group, an increase in game Imp/AE and total burden highlights that ceasing or significantly
reducing tackling training can negatively impact players' head impact behavior, particularly in

competitive settings.

Keywords: American football, tackling training, head impact, head impact magnitude,

adherence

INTRODUCTION

Full adherence to any research intervention tends to be assumed because researchers can
control the testing variables as best they can. However, if the rate and quality of an intervention
administration are outside the researchers’ control, this could alter the true benefits and/or
changes the intervention is intended to make. HuTT" is the first tackling intervention that utilizes
a systematic progression of tackling and blocking drills that also require the removal of all safety
equipment (helmet and shoulder pads). The effectiveness of HuTT® is derived from the concept
of risk compensation. Risk compensation theory argues that an individual’s behavior can be
influenced based on their perception of a risk, and that the perceived risk can change when a

protective countermeasure is introduced.!®2! Denoting the idea that if football players remove
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their equipment their sense of safety will lower, forcing them to remove their head from contact
when tackling/blocking. However, the effectiveness of tackling training is determined by those
instructing the drills to the players. In the case of football, much of the time, this role is

performed by the coaches.

There are currently three published research articles regarding the effectiveness of the
HuTT® technique in both the high school®?® and collegiate populations.?® Swartz et al.’s analysis
in their publications compares a control/non-adherent group to the treatment/adherent group. The
effectiveness of tackling training implementation has yet to be addressed in the same subjects
over time, with varying changes in intervention administration from season to season.
Considering the head safety characteristics based on adherence/compliance details of a
behavioral intervention over time could help give a better insight into the protocol technicalities
and long-term intervention effects. Therefore, the purpose of this investigation was to evaluate
the continuing effectiveness (i.e., retention and/or progression) of a helmetless tackling training
intervention across teams who were adherent in Year 1 but had differing adherence/compliance
rates in Year 2. It was hypothesized that the non-adherent participants would demonstrate an
increase in all Imp/AE and burden in Year 2 compared to Year 1. In contrast, the adherent

participants would demonstrate no changes to those variables.
BACKGROUND

A systematic review found that 80-91% of concussions sustained during high-school
tackle football games were from player-to-player contact.* Amongst the player-to-player
concussions, 45-74% of the time the head impact was from contact with another player’s helmet

and 37-48% of the time tackling was the mechanism of injury.* Kerr et al. found that the majority
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of impacts to the top of the head that caused a LOC were from ‘head-down’ behavior within high
school football.’ The reported incidence rates of concussions in practice and games tend to
revolve around player contact behavior. Thus far, the research in high school football has shown
that cumulative practices and games in one season have about equal weight regarding head safety
risk. #3912

If practices over a season have the same head safety risk as the games, then the game
policy changes that help improve that risk only account for half of the players’ exposure. There
have been changes to contact restrictions in high school football practices that have been
beneficial in decreasing head risk safety;**7 however, there is no oversight to make sure football

programs across the country are following these practice policy changes, apart from good

Samaritans reporting to administration or local athletic associations.

Linear head acceleration is another head safety characteristic that has been considered the
leading risk factor for sustaining a concussion within literature. 33 These different forms of
impact loading contribute to strain patterns in the brain tissue that result in concussion.>**> Most
research on head impacts utilize a head impact telemetry (HIT) system to measure the amount,
magnitude, and location of head impacts to find connections between concussions and
thresholds.*® In high school and collegiate football players, the magnitude range for which
concussions occurred happened between 70 - 120g’s of linear force.’? This is an extensive range,
but considering every individual has a large range of differing risk factors (sex, age, neck
strength, etc.), it makes sense how some may be more susceptible to a concussion in a lower or

higher range than others.**-!
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Campolettano et al. findings in youth football (nine-14 years old) showed that less force
is required to sustain a concussion in children; finding the average force needed to sustain
concussion injury was 33-92g of linear rotation (average of 62.4g).>! Younger populations have
risk factors associated with a larger head-to-neck size ratio (to support the head when impact
occurs) and decreased myelin development compared to older populations.’>” Nguyen et al.
meta-analysis had similar results that fall within that range.>* They found that the peak linear
concussion occurrence happens at 98.7g (82-115g). They concluded that the highest predictive
occurrence occurs around 96.1g of linear force. These conclusions resulted in the claim that only
0.02% of all collisions result in a concussion.> In football, it was found that 77% of all head

impacts were below 30g of linear force, below the concussive range previous literature found.>®

Tackling training in football has been found to correct player behavior of leading with
their heads to encourage them to remove their head from contact when tackling or blocking
another player.?>28%60 Tackling training not only improves the safety of the players executing
the proper tackling/blocking but also increases the safety of the players on the receiving end.>*
However, the effectiveness of tackling training is determined by those instructing the drills to the
players. In the case of football, this role is performed by the coaches. Research regarding
adherence to behavioral intervention is very limited, and most researchers do not consider
adherence rates in their statistical analysis. Varying rates of adherence (was it done) and
compliance (how well it was done) to a tackling/blocking intervention could alter the outcomes

of the players’ head safety characteristics.

There are currently three published research articles regarding the effectiveness of the

HuTT® technique. The first study in the collegiate setting had positive results in decreasing head
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impacts in the subjects that participated in the training compared to the control group.?’ The
following study in the high school population also showed that those who participated in the
intervention had a decrease in head impact frequency during the mid-point of the season.?® These
two studies had full support from coaches and implemented 100% of the prescription. However,
during data collection of the most recent study in the high school setting, researchers ran into

adherence/compliance differences with some of the participating teams’ coaching staff.°

Coach participation played a valuable role in the study, enforcing intervention completion
of their players. Since the data collection included varying adherence rates from all the
participating players based on the frequency of the coaches’ instructional adherence and player
attendance, this brought up important research considerations and resulted in adherence rates
being reported in their final results.® All the reports on the effectiveness of HuTT® are very
promising in decreasing overall head-safety risk in the sport of football. However, their most
recent study highlights the importance of adherence reporting, especially since behavioral
interventions do not have an officially stated adherence rate/guidelines to follow to ensure an
intended outcome. Regarding exercise interventions, Nagpal et al. define low adherence as <70%
completion of the exercise and high adherence as >70%.3? The other source with an adherence
threshold is the American Medical Association, which refers to adherence to medication, with
adherence being >80% and non-adherence being <80%.3! Apart from these two, there are no

other stated adherence thresholds for behavioral interventions, such as tackling training.
METHODS

The data for these analyses were collected from a larger quasi-experimental, prospective

cohort design study.® Participants from three high school football programs were observed across
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two consecutive seasons and prescribed a helmetless tackling and blocking behavior intervention
(HuTT®; University of New Hampshire, Durham, NH). Two of the teams were DII varsity teams
of public schools. The third team was a DIAA team from a private school. The DIAA team was
considered a junior varsity team but had transitioned into a DIAA, playing against DII varsity
teams (same level of competition as the other teams). After collecting parent and player consent
forms (Appendix A), research personnel properly fitted every player for a new Riddell, Inc.
(Elyria, OH) Speed Flex helmet per manufacturer fitting criteria. Each helmet was equipped with
Riddell InSite Impact Response System that records timestamped head impact frequency,
magnitude (low 10-19 g’s; medium 20-28 g’s, high 29-43 g’s, alert 44-63 g’s, and alert >63 g’s),
and location (front, top, back, right and left sides).**** At the end of each season, Riddell

processed and sent data in a spreadsheet format.

Research personnel attended all team-related training sessions for field observations and
quality control. The field notes collected consisted of start/stop times, daily attendance, each
position group practice schedules, equipment (i.e., helmets only, uppers, full), level of contact in
accordance with USA Football guidelines, as well as HuTT® program notes (start/stop times,
session attendance, reps/sets, and compliance details). These notes were used to give detailed
insights into any atypical head impacts, and to filter out any data/head impacts that occurred

outside of an AE.

All teams (Teams A, B, and C) were instructed to follow the HuTT® program until
completion. The intervention consists of 10 instructional drills structured to provide a 3-phase
(i.e., Static, Dynamic, Functional) systematic progression and performed without helmets or

shoulder pads. (Appendix B). Each team needed to complete four sessions (two drills per
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session) each week for the first two weeks of preseason, followed by only two sessions a week
until the end of the season. (Appendix C). Session duration spans about 10-20 minutes,
depending on team size and equipment available; drills for each session are preselected.
Participants would perform the sessions utilizing bags and hand shields. Each team’s respective
coaching staff was educated and trained to deliver HuTT® program sessions to their players prior

to preseason in Year 1.

In Year 1, Teams A and B completed 100% of the tackling program, while Team C
completed 76.5% of the prescription (26/34 sessions). Per Nagpal et al., Team C would still be
considered adherent for they completed >70% of the intervention,*? in addition to Swartz et al.
results showed that >60% intervention completion still yielded statistically significant lower

Imp/AE.® All three teams adherent to the HuTT® intervention.

In Year 2, coaches were encouraged to keep utilizing and following the prescription but
were given the freedom to do as they wished. Year 2 was considered a ‘maintenance year’ and
was not reported in Swartz et al. larger analysis.® Team A kept participating in the intervention
but did not follow the prescription order; however, they continued to utilize the drills almost
every practice day. Drill selection had no order; the head coach selected them based on what
seemed appropriate for what they were doing in practice. Team A was considered adherent to the
intervention but had low compliance since they did not follow prescription order and
progression. Team A completed 35 out of 30 sessions, over 100%, resulting in 117% adherence.
Team B decided to stop the program altogether and did not complete any HuTT® intervention

sessions the whole season. In Year 2, Team C followed the prescription but again did not
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complete the full prescription, completing 53% (17/32 sessions). In Year 2, Team A would be

considered adherent, while Team’s B and C as non-adherent to the HuTT® intervention.
Statistical Analysis

Imp/AE is a ratio calculated by dividing the participants total head impact frequency in
one season by their number of exposures. The total head impact frequency does not account for
magnitude. For example, if a participant sustained one low magnitude impact and one high
magnitude impact, the impact frequency would be two. The practice and game Imp/AE were
calculated similarly, by dividing total practice/game head impacts by the number of
practice/game exposures. The Imp/AE represents the average number of head impacts the athlete
would sustain from participating in one exposure, practice, or game. Magnitude burden are the
gravitational forces sustained during head impacts. Head impacts were recorded as a low (15-
19g), medium (20-28g), high (29-43g), 95™ alert (44-63g), or 99'" alert (>63g) magnitude. Each
impact was multiplied by the average of each corresponding range and then summed together to
get the total burden. For instance, if a participant sustained two medium magnitude impacts their
total burden would be 48¢ of force (two multiplied by 24g). Magnitude was only recorded if the

impact was greater than 15g.

Two paired sample T-tests were run comparing the practice, game, overall Imp/AE, and
the total magnitude burden between Year 1 and Year 2. The first T-test only looked at repeaters
from Team A (adherent-adherent group), while the second T-test looked at repeaters from Teams
B and C combined (adherent-nonadherent group). Data analyses were conducted using Statistical
Package for Social Science (SPSS) Version 29.0.2.0. (IBM®, Chicago, IL) with an alpha level
of p<0.05.
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RESULTS

The adherent-adherent group (Team A) had a total of n = 12 repeaters (age- Year 1: 15.67

+ 0.49 years). The adherent-nonadherent group (Team B+C) had a total of n = 21 repeaters

(Team B: n =16, Team C: n = 5) (age- Year 1: 15.38 = 0.80 years, Year 2: 16.38 + 0.80 years).

(Table 1). Paired T-test of the adherent-adherent group revealed a significant decrease in overall

Imp/AE (p =0.014), practice Imp/AE (p =0.011), and game Imp/AE (p =0.018) between Year 1

(overall: 4.55 + 4.13, practice: 3.00 + 2.75, game: 12.61 = 11.71) and Year 2 (overall: 2.20 £

1.50, practice 1.35 = 0.94, game: 6.69 = 4.95). A significant decrease in total burden (p =0.012)

was also found between Year 1 (6934.50 = 5996.96 g) and Year 2 (3754.92 + 2621.13 g). (Figure

1). Paired T-test of the adherent-nonadherent group (Teams B+C) revealed a significant increase

in game Imp/AE (p =0.004) and total burden (p =0.032) between Year 1 (Imp/AE: 1.64 + 2.76,

burden: 1462.64 + 1415.64 g) and Year 2 (Imp/AE: 3.62 = 4.47, burden: 3186.48 + 4566.84 g).

(Figure 2). (Table 2).

Table 1
Team Demographics
. Exposure HuTT® .
Team Year Sul()ljscts (y?a%:) .  Attendence Completion 1(131::;1:31;]* Il::l‘:/c:lc; In(l};/IX:Z . Total Burden (g)*
(%)* (Yo)*
A 1 12 1567049 090+0.11 081021 4.55+4.13 3.00+2.75 12.61+11.71 6934.50 = 5996.96
2 16.67+049 0.92+0.04 1.03+£0.09 220+1.50 1.35+094 6.69+4.95 3754.92+£2621.25
B 1 16 15.69+0.60 0.86+0.11 0.89+0.12 1.10+£0.95 1.02+0.77 1.83+£3.11 144947 +1571.61
2 16.69+0.60 0.87+0.14 0.00+0.00 1.94+3.18 1.63+293 349+472 3288.97+5179.34
C 1 5 1440+0.55 0.86+0.13 0.71+0.08 1.14+£0.54 1.16+0.57 1.04+1.18 1504.80 + 868.82
2 1540+£0.55 098+£0.03 0.52+0.02 193+126 1.54+0.86 4.04+4.01 2858.50+1872.88
B+C 1 21 1538+0.80 0.86+0.11 0.84+0.13 1.11+0.86 1.06+0.72 1.64+£2.76 1462.64 + 1415.64
2 16.38+0.80 0.90+0.13 0.12+0.23 1.94+2.81 1.61+257 3.62+447 3186.48+4566.84
* mean = SD
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Table 2
Differences in Head Impact Charcteristics Between Year 1 & Year 2

95% Confidence Interval Significance
Group Characteristic = Mean Difference* SE Mean t df Col:ien s Lower Upper One-slded Two-slded
Overall Imp/AE ~ 2.35+2.78" 0.80 293 11.00  0.35 0.59 4.11 0.007 0.014
Adherent - Adherent  Practice Imp/AE  1.65 + 1.88" 0.54 3.05 11.00  0.88 0.46 2.84 0.006 0.011
Team A Game Imp/AE 5.92+7.39" 2.13 278 11.00  0.80 1.22 10.62 0.009 0.018
Total Burden 3179.58 £3673.36'  1060.41 3.00 11.00  0.87 845.64 5513.53 0.006 0.012
Overall Imp/AE ~ -0.83 +2.21 0.48 -1.72° 20.00  -0.38 -1.84 0.17 0.050 0.100
Adherent - Nonadherent Practice Imp/AE  -0.55 +2.15 0.47 -1.18  20.00  -0.26 -1.53 0.42 0.126 0.251
Teams B+C Game Imp/AE  -1.98 +2.78" 0.61 -3.26  20.00 -0.71 -3.25 -0.71 0.002 0.004
Total Burden -1723.83 +3436.817 749.97 -2.30  20.00 -0.50 -3288.25 -159.42 0.016 0.032
T signficance
*mean + SD
Figure 1. Year 1 vs Year 2 of Adherent-Adherent Group
Adherent - Adherent Group
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Figure 2. Year 1 vs Year 2 of Adherent-NonAdherent Group
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DISCUSSION

This is the first study to compare the effects of changing tackling training adherence and
compliance over time on head safety characteristics. The findings of this study provide further
evidence of the effectiveness of the HuTT® intervention. The participants in the adherent-
adherent group ended up having lower Imp/AE in all areas and a lower burden in Year 2 when
compared to Year 1. This could have resulted from several factors: increasing the overall
frequency of the intervention throughout Year 2, by doing one drill almost daily vs two sessions
twice a week per prescription, or because of changes in coaching staff (different individuals
overseeing the intervention). Prior studies have shown that head safety risks are about equal in
both practices and games throughout one season.*!! The adherent-adherent group’s Imp/AE had
decreased by nearly half in their practices, games, and overall from Year 1 (practice: 3.00 £ 2.75,

game: 12.61 £ 11.71, overall: 4.55 £ 4.13) to Year 2 (practice: 1.35 £ 0.94, game: 6.69 + 4.95,
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overall: 2.20 £+ 1.50). (Figure 1). Not only does this add to the effectiveness of tackling training,
but it also adds a new perspective that tackling/blocking skills can be just as effective as

following a behavioral prescription perfectly.

The adherent-adherent group also significantly decreased total burden by about 50%
(Year 1: 6934.50 &+ 5996.96, Year 2: 3754.92 £ 2621.25). (Figure 1). Based on the literature on

5253 and the average total burden sustained in Year 2, the

concussive forces in this age group
burden had decreased by around three concussions per player (about 40 concussions total in the
season). Not only did the players’ head impact frequency decrease but so did the magnitude/force
at which they tackled/blocked. This decrease in impact frequency and magnitude burden could
be attributed to the continuation and/or their increase of intervention participation. However,
exposure to the intervention the season prior should be considered. There is currently no research

that observes changes in skill level when participating in tackling training over time. It may be

possible that the players further refined their skills in the intervention drills in Year 2.

There were no significant changes in overall and practice Imp/AE in the adherent-
nonadherent group. The average Imp/AE in Year 1 should be considered because the rate was
low to begin with (overall: 1.11 £ 0.86, practice: 1.06 & 0.72) when compared to the high school-
aged treatment group in the prior HuTT® study, averaging about four Imp/AE.?® No significant
changes in overall and practice Imp/AE could allude that the intervention skills learned in Year 1
may be unintentionally performed/practiced in Year 2. However, their game Imp/AE and total
burden nearly doubled from Year 1 (game: 1.64 + 2.76, burden: 1462.64 + 1415.64) to Year 2

(game: 3.62 £ 4.47, burden: 3186.48 + 4566.84). (Figure 2). This increase suggests that the
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players are leading with their heads more in a competitive setting and tackling/blocking with

greater force.
CONCLUSION

Effects of adherence and compliance adjustments to a tackling training intervention over
time were examined to evaluate the changes in head safety characteristics. It was found that
changes in compliance, but the continuation of tackling training drills, still yielded positive
outcomes in decreasing head impact frequency and magnitude. Ceasing and decreasing the rate
of tackling training participation increased impact forces and impact frequency in competition
settings. This adds to the current validity of participating in tackling/blocking skills in
football 625286061 Fyrther research is needed to assess varying compliance and adherence rates
to a tacking training intervention and to assess continuation in tackling training over time to
better understand which drills and techniques would be most beneficial in improving head safety

in high school football.
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CHAPTER 3

HEAD IMPACT LOCATION AND MAGNITUDE
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WEEKLY CHANGES IN HEAD IMPACT LOCATION AND MAGNITUDE BURDEN TO A

TACKLING TRAINING INTERVENTION

ABSTRACT

Head impact telemetry (HIT) systems assist in measuring impact frequency, magnitude,
and location to better understand head impact safety and concussions. Current research has
shown that concussions were sustained from impacts averaging around 90g of linear force in
high school-aged football players. Lab-recorded head impact locations have been shown to affect
brain tissue strain most on the sides of the head, while on-field data has shown impacts to the
front resulted in most reported concussions in high school football. Tackling training aims to
reduce head-leading behavior, potentially lowering impact magnitude and altering locations. This
study investigates weekly changes in head impact location and magnitude burden over two

seasons in repeated participants in one high school football team.

Repeated participants (n = 16) in one football team were observed over two seasons. In
Year 1, the team completed 100% of a prescribed tackling training program (HuTT®) and
discontinued the prescription in Year 2. Timestamped head impact data (frequency, magnitude,
location — front, top, side, back) were collected weekly using helmets with Riddell InSite Impact
Response Systems. The weekly cumulative impact frequency and magnitude burden for each
location were calculated. Fixed-effect longitudinal models compared individual week-to-week
changes in impact frequency and burden by location in each year. Total impact frequency and

burden were also compared from Year 1 to Year 2.
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A significant weekly decrease was found in impact frequency (p =0.036) and burden (p =
0.038) to the top location in Year 1, with no significant weekly changes in Year 2. When
comparing Year 1 to Year 2, Year 2 had a significantly higher impact frequency (p < 0.001) and
burden (p <0.001) to the front location. Significantly higher overall impact frequency (p <

0.001) and burden (p < 0.001) were also found in Year 2.

Year 1 findings suggest that the HuTT® program reduces top-of-head impact frequency
and burden over a football season, potentially mitigating 'head-down’ behavior. The significant
increase of impacts and burden to the front and overall impacts and burden in Year 2, compared
to Year 1, reiterates the potential benefits of consistent tackling training in reducing these

metrics.

KEYWORDS: American football, head impact location, head impact force, concussion, tackling

training

INTRODUCTION

Head impact biomechanical assessments typically utilize a head impact telemetry (HIT)
system to measure head impact frequency, magnitude, and location to find connections of
concussive thresholds.*® In high school and collegiate football players, the magnitude range for
which concussions occur happens between 70 - 120g’s of linear force.’? Nguyen et al. meta-
analysis found that the peak linear concussion occurrence happens at 98.7g (ranging from 82-
115g), concluding that the highest predictive concussion occurrence happens around 96.1g.%?

This is an extensive range, but considering every individual has a large range of differing risk
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factors (sex, age, neck strength, etc.), it makes sense how some may be more susceptible to a
concussion in a lower or higher range compared to others.**>! These conclusions resulted in the
statement that only 0.02% of all collisions result in a concussion.”® Although most head impacts
are below the concussion threshold, the literature does not account for the cumulative magnitude
of forces sustained at those lower levels. Current ongoing research of the effects of repeated head
impacts and its cumulative magnitudes are still being conducted. However, the current research
suggests that these cumulative magnitudes and frequent head impacts are associated with

Chronic Traumatic Encephalopathy (CTE).%

Apart from head impact magnitude, the location of impacts also plays a role in how it
affects regional brain tissue strain due to different regions of the brain having varying tolerance
to strain-induced injuries.%*** Elkin et al. performed a laboratory study using helmeted (Riddell
Revolution Speed), finite element models of the head and brain to replicate head impacts at
varying impactor speeds (5.5 m/s and 9.3m/s; 212 and 605 J) amongst 12 locations to observe
regional brain tissue strain for fixed helmet-to-helmet closing speeds.>* Results showed that the
two locations with the largest brain strains for both impact speeds were the jaw pads and
Eccentric 2 (posterolateral side of the helmet). The locations that accounted for the lowest strain

were the crown and forehead areas.”*

Despite Elkin et al. findings, Kerr et al. found that 44% of concussions sustained in high
school football were from impacts to the front of the helmet/head and 22% from impacts to the
side of the head.’ It was also found that impacts sustained to the top of the head had a higher rate
of loss of consciousness (LOC) when compared to the other areas of the helmet. Of those

impacts to the top of the head that sustained LOC, 86.4% were caused by ‘head down behavior.””
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Broglio et al. found that the top of the helmet produced the highest linear acceleration, while the
side of the helmet produced the least in high school football players.>* Most frequent impact
locations vary between position groups.>*%> A 2024 study conducted in Canada found that
impacts to the sides of the helmets exhibited the greatest magnitudes of head acceleration and
velocity.%® Elkin et al. described that the forces to the location of the jaw pads are near the edge
of the energy-absorbing padding of the helmet, explaining why higher forces and brain strain

accumulate there.

Broglio et al. and Cairns et al. had different findings about head impact to the side.?*

One reported that impacts to the side produced the least linear acceleration®* while the other

found it produced the highest.%

These findings could differ due to other reasons, such as
differing levels of team competitiveness, ratio of position groups, player experience, etc.
Although the side of the head seems to have a higher sensitivity to brain strain, findings of the

force being produced have a higher relevance.’* Regardless, both head impact magnitude and

location have been shown to play significant roles in head safety in football.

Tackling training in football has been found to correct players’ behavior of leading with
their heads to encourage them to remove their heads from contact when tackling or blocking
another player.®>3-285%6% Tackling training not only improves the safety of the players executing
the proper tackling/blocking but also increases the safety of the players on the receiving end.>*
Varying adherence rates (was it done) and compliance (how well it was done) to a
tackling/blocking intervention could alter the players’ head safety outcomes. In this case,
removing the head from play should reduce the overall magnitude of head impacts sustained

while changing the location.
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Swartz et al. have two published studies that observed Imp/AE overtime throughout a
football season of a treatment/adherent group and a control/non-adherent group to the HuTT®
intervention.®?® However, the distribution of impact locations and burden in response to the
HuTT® intervention has not been assessed throughout a football season and could assist in the
ongoing research associated with CTE and its causations. Therefore, this investigation aimed to
study the weekly relationship of head impacts per location with magnitude burden over the span
of two seasons in participants who completed the HUTT intervention in Year 1 and stopped

entirely in Year 2, in one high school football team.
METHODS

This study was collected from a larger quasi-experimental, prospective cohort design.®
Repeated subjects from one high school football program were selected for this study and
prescribed a helmetless tackling and blocking behavior intervention (HuTT®; University of New
Hampshire, Durham, NH) that needed to be completed each season over two years. After
collecting parent assent and player consent forms (Appendix A), research personnel properly
fitted every player for a new Riddell, Inc. (Elyria, OH) Speed Flex helmet per the manufacturer’s
fitting criteria. Each helmet was equipped with Riddell InSite Impact Response System that
records timestamped head impact frequency, magnitude (low 15-19 g’s; medium 20-28 g’s, high
29-43 g’s, alert 44-63 g’s, and alert >63 g’s), and location (front, top, back, right and left
sides).*>** At the end of each season, Riddell processed and sent the data in a spreadsheet

format.

Research personnel attended all team-related training sessions for field observations and

quality control. The field notes collected consisted of start/stop times, daily attendance, each
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position group practice schedule, equipment (i.e., helmets only, uppers, full), level of contact in
accordance with USA Football guidelines, as well as HuTT® program notes (start/stop times,
session attendance, reps/sets, and compliance details). These notes were used to give detailed
insights into any spikes or reductions of head impacts and why, and filter out any data/head

impacts that occurred outside of an AE.

In Year 1, the team was instructed to follow the HuTT® program until completion. This
consisted of 10 instructional drills structured to provide a 3-phase (i.e., Static, Dynamic,
Functional) systematic progression performed without helmets or shoulder pads. (Appendix B).
The team needed to complete four sessions (two drills per session) each week for the first two
weeks of preseason, followed by only two sessions a week until the end of the season. (Appendix
C). Session duration spans about 10-20 minutes, depending on team size and equipment
available; drills for each session are preselected. Participants would perform the sessions
utilizing bags and hand shields. The coaching staff were educated and trained to deliver HuTT®
program sessions to their players prior to preseason in Year 1. The team completed 100% of the
intervention in Year 1. Year 2 was going to be observed as a ‘maintenance year,” allowing
coaches to utilize the drills however they saw fit for the team. The team decided to stop the

program altogether and did not complete any team sessions during the whole season in Year 2.
Statistical Analysis

Every head impact location was time-stamped, and the team’s weekly head impact
locations were cumulated and expressed as a total number each week. Head impacts were

recorded as a low (15-19g), medium (20-28g), high (29-43g), 95" alert (44-63g), or 99'" alert
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(>63g) magnitude. Each impact was multiplied by the average magnitude of each corresponding

range and then summed together to get each week’s total burden.

A series of fixed-effect longitudinal tests were run to compare the week-to-week
relationship, within each season, of head impact frequency and burden to the front, top, side, and
back locations of each player. Another series was run to compare every participant’s Year 1 to
Year 2 change of the same variables. Each individual’s total head impact frequency and burden
were also included. Data analyses were conducted using Statistical Package for Social Science

(SPSS) Version 29.0.2.0. (IBM®, Chicago, IL) with an alpha level of p < 0.05.
RESULTS

A total of n = 16 subjects participated in Year 1 (age: 15.69 + 0.60 years) and Year 2 (age:
16.69 + 0.60 years) were included. In Year 1, participants had an average HuTT® intervention
completion rate of 88.84% and daily attendance of 85.62% by the end of the season. In Year 2,
participants completed 0.0% of the HuTT® intervention and had an average daily attendance rate

of 87.37%.

Year 1 resulted in a statistically significant decrease in impact frequency (p = 0.036; 1.44
+5.59) and burden (p = 0.038; 25.37 + 97.51 g) to the top of the head week-to-week. (Figure 1).
No significance was found to the other location frequencies (front: p = 0.990, 0.96 + 3.40, side: p
=0.469, 2.84 = 7.80, back: p = 0.565, 0.85 + 4.91, total: p =0.358, 6.08 £ 11.57) and burdens
(front: p = 0.898, 18.23 £ 66.29 g, side: p =0.447, 52.02 + 148.64 g, back: p =0.521, 15.32 +
93.02 g, total: p =0.395, 111.50 + 215.01g). (Table 1). Year 2 had no significant changes week to
week in impact location frequencies (front: p = 0.432, 5.49 £ 16.56, top: p = 0.985, 1.50 £ 5.15,

side: p =0.737, 3.75 + 10.05, back: p = 0.996, 1.42 + 3.66, total: p =0.657, 12.15 £22.01) and
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burdens (front: p = 0.393, 109.53 + 330.86 g, top: p = 0.943, 26.95 + 91.57 g, side: p = 0.782,

72.09 + 191.30 g, back: p = 0.853, 27.36 + 71.05 g, total: p = 0.540, 234.93 + 433.63 g). (Table

2).

Figure 1. Year 1 Magnitude Burden to the Top Location

Year 1 - Top Location
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Table 1
Year 1 - Week to Week Comparison
Weekly Analysis
Estimates of Covariance 95% Confidence Interval
Individual
Variable Mean + SD R? Participant Type 3 ~ Estimate Std Error t Sig Lower Upper
Coefficient
Front 0.96 +3.40 0.26 <.001 9.24 0.95 0.01 0.990 -0.11 0.11
Top' 1.44 +£5.59 0.13 0.003 29.32 3.00 211 0.036" -0.41 -0.01
Impacts ~ Side 2.84+8.00 0.35 <.001 44.69 4.57 0.73 0.469 -0.15 0.33
Back 0.85+4.91 0.10 0.100 23.52 241 -0.58  0.565 -0.23 0.13
Total 6.08 +11.57 0.29 <.001 102.57 10.50 -0.92  0.358 -0.54 0.20
Front 18.23+£66.29  0.29 <.001 3396.35 347.54 -0.13 0.898 -2.27 1.99
Top' 2537+97.51 0.14 0.002 8913.06 912.06 -2.09  0.038 -7.10 -0.20
Burden  Side 52.02 £ 148.64 0.35 <.001 15618.52 1598.23 0.76 0.447 -2.81 6.33
Back 15.32+£93.02 0.10 0.099 8421.70 861.78 -0.64  0.521 -4.45 2.26
Total 111.50+215.01 0.30 <.001 35047.96 3586.42 -0.85 0.395 -9.80 3.88

1 signficance
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Table 2
Year 2 - Week to Week Comparison

Weekly Analysis
Estimates of Covariance 95% Confidence Interval
Individual
Variable Mean + SD R? Participant Type 3~ Estimate Std Error t Sig Lower Upper

Coefficient

Front 549+16.56 0.60 <.001 119.47 11.74 -0.79 0.43 -5.00 0.21

Top 1.50 + 5.15 0.14 0.003 24.52 241 -0.02 0.99 -0.16 0.16

Impacts Side 3.75+10.05 0.29 <.001 77.33 7.60 0.34 0.74 -0.24 0.34

Back 1.42 + 3.66 0.19 <.001 11.69 1.15 -0.01 1 -0.11 0.11

Total 12.15+22.01 0.70 <.001 167.74 16.49 -0.45 0.66 -0.52 0.33

Front 108.53 £330.86 0.61 <.001 45761.42 4498.10 -0.86  0.39 -10.02 3.96

Top 26.95+91.57 0.14 0.002 7773.30 764.07 -0.07 0.94 -2.99 2.78

Burden Side 72.09+£191.30 0.28 <.001 28440.24 2795.52 0.28 0.78 -4.74 6.28

Back 2736+71.05 0.20 <.001 4379.15 430.45 -0.19 0.85 -2.37 1.96

Total 234.93 £433.63 0.69 <.001 63604.56 6251.99 -0.62  0.540 -10.81 5.67

Comparing Year 1 to Year 2, there was significant increase in both impact frequency (p
<0.001) and burden (p <0.001) to the front of the head from Year 1 (impacts: 12.44 + 23.30,
burden: 237.00 + 475.42 g) to Year 2 (impacts: 76.81 = 184.24, burden: 1519.41 + 3729.77 g).
Overall total head impact frequency (p <0.001) and burden (p <0.001) were also significantly
higher in Year 2 (impacts: 170.06 + 261.59, burden: 3288.97 + 5179.34 g) when compared to
Year 1 (impacts: 79.06 + 83.52, burden: 1449.47 + 1571.61 g). (Figure 2 & Figure 3). There were
no significant changes in other Year 1 impact location frequencies (top: p = 0.833, 18.69 + 25.30,
side: p =0.252, 36.88 + 63.27, back: p = 0.150, 11.06 =+ 20.80) and burdens (top: p = 0.784,
329.81 +443.54 g, side: p =0.179, 676.25 £ 1170.75 g, back: p =0.109, 199.16 £ 394.10 g)
when compared to Year 2 (impacts - top: 20.94 + 27.80, side: 52.44 + 77.96, back: 19.88 +
23.17; burden - top: 377.25 + 493.15 g, side: 1009.31 + 1456.04 g, back: 383.00 + 452.16 g).

(Table 3).
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Figure 2. Year 1 vs Year 2 Magnitude by Location
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Figure 3. Year 1 vs Year 2 Impact Frequency by Location
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Table 3

Year 1 Compared to Year 2

Yearly Analysis
Estimates of Covariance 95% Confidence Interval
Mean Individual
Variable Difference R? Participant Type 3 Estimate Std Error t Sig Lower Upper
Coefficient
Front -64.38 0.32 <.001 107.94 7.50 456  <001" 2.60 6.54
Top -2.25 0.10 <.001 26.86 1.87 0.21 0.833 -0.88 1.09
Impacts  Side -15.56 0.28 <.001 62.47 4.34 1.15 0.252 -0.62 2.38
Back -8.81 0.10 <.001 17.40 1.21 1.44 0.150 -0.21 1.37
Total -91.00 0.48 <.001 175.14 12.17 480 <o001" 3.62 8.64
Front' -1282.41 0.33 <.001 42492.25 2953.42 458 <o001" 52.07 130.27
Top -47.44 0.10 <.001 8309.32 577.54 0.28 0.784 -14.87 19.71
Burden  Side -333.06 0.27 <.001 22417.18 1558.10 1.35 0.179 -8.93 47.87
Back -183.84 0.11 <.001 6333.44 440.21 1.61 0.109 -2.76 27.43
Total’ -1839.50 0.49 <.001 65698.01 4566.33 505 <001 76.19 173.42

+ signficance

DISCUSSION

This is the first study that analyzes the continuous week-to-week changes in head impact

location and burden of participants who underwent the HuTT® intervention in Year 1 and ceased

the intervention in Year 2. The findings of this study add to the current evidence of the

effectiveness of the HuTT® intervention. The most significant finding was the reduction of head
g g

impacts and burden sustained to the top of the head week to week while performing the HuTT®

prescription in Year 1. (Figure 1). Kerr et al. report that impacts to the top of the head had a

higher rate of loss of consciousness compared to the other areas and that most of the impacts to

the top were from ‘head down behavior.” Statistically lower impacts and burden week to week

to the top of the head suggest that players are less likely to initiate contact with their heads down

when practicing proper tackling/blocking techniques throughout a season.
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No week-to-week significance in Year 2 can be interpreted as a positive outcome,
meaning high school football players are not displaying increased rates of leading with the head
or tackling/blocking harder/more aggressively throughout a season. However, the head impact
frequency and magnitude burden to the front of the head increased by 6x in Year 2 compared to
Year 1, and the overall total head impacts and magnitude burden doubled. (Figure 1 and Figure
2). Significantly higher head impacts and burden to the front location and increased overall head
impact frequency and burden in Year 2 further support the effectiveness of practicing

tackling/blocking skills.

Kerr et al. found that 44% of concussions sustained in their sample were from impacts to
the front.” However, Elkin et al report that the crown area had the least amount of brain strain
upon impact. It is possible that impacts to the front have a higher rate of concussion, and the top
has higher rates of LOC® due to the crown area receiving the highest forces** and the front of the
head receiving the majority of impacts across most position groups.'! The factor of neck strength
may be applicable, too, since neck strength can influence energy transfer upon impact and the
occurrence of whiplash.>® This is shown in Year 2, with both Front impacts and burden having

the highest rate compared to all the other locations.

Observation of Year 1 showed the location with the highest impact frequency and burden
occurred at the sides. The most frequent location frequency and magnitude in Year 2 occurred to
the front. This occurrence may be attributed to the practice of tackling training since the
technique of HuTT® involves moving the head to the side to avoid head-first, direct contact

during a tackle.

63



CONCLUSION

Weekly observations of head impact location frequency and burden were examined to
assess potential changes of those who adhered to a tackling training intervention in one season
and stopped the intervention the following season. Location distribution in Year 1 included a
weekly decrease in head impacts and force occurring to the top of the head, with the most
frequent impacts occurring at the sides. During the following season, there were no weekly
changes in location distribution. However, the second year had a significant increase in impact
frequency and burden occurring to the front of the head, as well as a doubling in overall impacts
and magnitude burden compared to the year prior. Further research is needed to assess the effects
of varying impact locations and magnitude on head safety. Also, further research on how tackling
training influences head safety characteristics over time will help refine intervention dosing

(intensity, duration, frequency, etc.).
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PART 3

LITERATURE REVIEW
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REVIEW OF LITERATURE
Head Impact & Concussion in Football

The occurrence rate of head impacts and concussions in American football, along with its
corresponding factors associated with both, are still being assessed to better understand what
steps can be taken to reduce this prevalence. Pankow et al.’s systematic review and meta-analysis
covered this area in youth and high school-aged football players, reporting the overall findings
and similarities within the articles.* The rate of head impacts during a single practice tends to
have lower values when compared to one game. During games, medium rates of 15.5-21.4
impacts for high school players and 7.9-12 impacts for youth/minors were reported while
practices had 9.4 impacts (the only medium rate reported®’) for high school players and 6-7.2

impacts for youth/minor.*

Only one study found that the rate of head impacts for one practice (6.7 impacts) were
higher than during one game (5.8 impacts), even though these players were said to play both
offensive and defensive positions.®® However, the sample size was small (n=7 [7-8years old])
and the ages did not reflect the full range of youth football participation age (6-13 years old).
There were no details pertaining to level of contact during practices, creating a lot of gaps in the

details of the impacts (player-to-player, head-to-ground contact, etc.).

Across the span of a season, practices accumulated more head impacts when compared to
games in youth and high school football athletes.!%*"6° The means and mediums of the
accumulation of these numbers were not combined and assessed in the systematic review due to
descriptive factors that create wide variations study to study (sample size, population, season

length, etc.).* The rate of concussion was found to be the opposite, with the rate having a higher
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occurrence during games than practices; however, due to the higher number of practice sessions
compared to games in a season, percentage wise it was not by much. For the high school level,
57.02% (95% Confidence Interval [CI] 22.72-91.33) of concussions occurred during games
while 42.98% (95% CI 8.67-77.28) occurred during practice. The youth/minor level had 51.14%
(95% CI 16.50-85.78) of concussions occur during games and 48.86% (95% CI 14.22-83.50)

occur during practice.*

Aside from session type (game vs practice), Pankow et al. commented on other factors

that have been found to play a role in the rate of head impacts and sustained concussions.*

12,70 ) 72-75
b

Factors such as player position,'>”° player experience,”! play type (run vs pass plays

),’®"" and field type (turf vs grass).”

tackling drill type (multiplayer, open-field tackling, etc.
Additionally, Pankow et al. concluded that player-to-player contact resulted in most of the

concussions recorded (80-91%),7>7>7-% tackling being the most common mechanism (37-48%)

with 45-74% of those impacts being helmet-to-helmet.!!:!7-22-25

McCrea et al. observational cohort study of collegiate football athletes found similar
results when looking at head impacts and concussions during practices and games.® A single
game did result in more impacts (mean of 19.7 [95% CI 18.8-20.6]) than a single practice (mean
0f 9.2 [95% CI 8.6-9.8]); However, over the course of an entire season, the majority of head
impacts and concussions were sustained during practices. Over the span of 5 seasons, 72% of all
the diagnosed/recorded concussions and 66.9% of all head impacts occurred during practices
(28% concussions and 30.1% head impacts occurred during games). Resulting in, over the span
of one season, practices having a head impact exposure estimate mean of 243.2 (95% CI 230.8-

255.7) and games estimated mean of 138.3 (95% CI 125.3-151.3).
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What was most interesting about McCrea et al.’s findings were that the rate of concussion
and head impacts were immensely higher during preseason (before the week of the first in-
season game) when compared to the regular season.®® Although preseason only accounts for
20.8% of an entire football season, 48.5% of all recorded concussions and 66.7% of all recorded
impacts occurred during this period. Over the span of the full season, the rate of head impacts did
decline; August (preseason) average mean being 181.1 head impacts, September average mean
134.1, October average mean 142.2, and November average mean 107.1 impacts. Stemper et al.
had a similar assessment when looking at head impacts in collegiate athletes in their study, it was

found that preseason had 40% more head impacts than the regular season.®

Combining the trends of head impact and concussion rates from Pankow et al. and
McCrea et al., it showed that youth/minor, high school, and collegiate football athletes sustain
more head impacts in one game compared to one session of practice; however, over the span of
an entire season, the majority of head impacts were sustained during practices. The occurrence of
concussions in one season differed from each group. Practices had the lowest rate of concussion
occurrence for youth and high school players (48.86% and 42.98% respectively) while collegiate

players had a 72% occurrence.*%®

Although the rate of concussions during season practices has a lower occurrence in youth
and high school athletes, approaching 50% of occurrence in a coach supervised, controlled
setting sounds a bit outrageous when referring to adolescents/minors who are still undergoing
brain development. Same applies to the collegiate athletes, for the ages in McCrea et al. study
was 19.0241.25 years old while on average most brain development is not completed until age

25.88% The information provided about where the highest occurrence of head impacts and
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concussions are coming from can help formulate the best intervention strategies in reducing this

prevalence.
Head Impact Location & Magnitude

Linear and rotational head accelerations have been considered the leading risk factor for
sustaining a concussion within literature. These different forms of impact loading are what
contribute to strain patterns in the brain tissue that result in concussion. Whether linear or
rotational impacts cause greater influence when sustaining a concussion compared to the degree
of magnitude is still not clear.”>’! Some claim that rotational impacts cause a higher occurrence
of concussions when compared to linear because higher magnitudes of rotational force can be
produced with less effort as opposed to producing a high linear force,’? while others claim that

magnitude is what influences it.>

Most research on head impacts utilizes a head impact telemetry (HIT) system to measure
the amount, magnitude, and location of head impacts to find connections between concussions
and thresholds.>® In high school and collegiate football players, the magnitude range for which
concussions occurred happened between 70 - 120g’s of linear force (5,582 - 9,515 rads/s2 of

rotational force).>

This is an extensive range, but considering every individual has a large range
of differing risk factors (sex, age, neck strength, etc.) it makes sense how some may be more
susceptible to a concussion in a lower or high range compared to others.*>! Campolettano et al.
findings in youth football (nine-14 years old) showed that less force is required to sustain a

concussion in children; finding the average force needed to sustain concussion injury was 33-92g

of linear rotation (average of 62.4g).>! Younger populations have risk factors associated with a
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larger head-to-neck size ratio (to support the head when impact occurs) and decreased myelin

development compared to older populations.’!’

Nguyen et al. meta-analysis had similar results that fall within that range.>® They found
that the peak linear concussion occurrence happens at 98.7g (ranging from 82-115g) and peak
rotational occurrence at 5,776 rad/s2 (ranging between 4,583-6,969). They concluded that the
highest predictive occurrence occurs around 96.1g for linear and 5,582 rad/s2 for rotational.
These conclusions resulted in the claim that only 0.02% of all collisions result in a concussion.>®
In football, it was found that 77% of all head impacts were below 30g of linear force, below the

concussive range previous literature found.>®

In girls and collegiate soccer, the average forces sustained were under the concussive
threshold. The average force sustained was 20.4g (U14) and 19.8¢g (collegiate), claiming that
<10% of concussions come from ball headers and 51% come from contact with other players
(70% in male soccer players).”>*° The location of head impacts and their effect on concussion
severity and clinical outcomes are still under debate.’>°*°%7 Within the sport of football, it was
found that most concussion occurrences happened due to impacts to the front of the
helmet/head,’® but it needs to be considered that the front of the helmet/head is the location that
gets hits the most.” It may be a correlation that most concussions occur at that location because

that is the location with the most impacts, and they do not directly cause the two.

There is not much research in head impact location that is not over 10years old, and the
high school population is even less. Most HIT systems are capable of recording five impact
locations (front, back, sides, left, right). Kerr et al. found that 44% of concussions sustained in

high school football were from impacts to the front of the helmet/head, and 22% from impacts to
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the side of the head.” It was also found that impacts sustained to the top of the head had a higher
rate of loss of consciousness (LOC) when compared to the other areas of the helmet. Of those
impacts to the top of the head that sustained LOC, 86.4% of them were caused by ‘head down
behavior.”® Broglio et al. found that the top of the helmet produced the highest linear
acceleration, while the side of the helmet produced the least. Most frequent impact locations
varied between position groups.**% A 2024 study conducted in Canada found that impacts to the

sides of the helmets exhibited the greatest magnitudes of head acceleration and velocity.®¢

A laboratory study conducted by Elkin et al. assessed head impact location and its effect
on regional brain tissue strain (indicator of brain tissue injury) by utilizing finite element models.
Twelve impact locations were tested using Riddell Revolution Speed helmets (with Riddell
facemask and chinstraps) and it was found that the lowest brain strains occurred to the crown and
forehead locations while the rear boss, front boss, eccentric 2 (posterolateral side), and jaw pads
had the highest brain strain recording.>* Although differences in impact location had 33-37% of
variance in brain strain to the whole brain and cerebrum, the speed of the impact resulted in a

higher variance (67-90%) in brain strain.>*

A final comment made was that it was found that the brain strains associated with the
striking player were less than the player being struck.>* This is due to the striking player being
able to control the location and closing speed of their impact on the struck player. In other words,
striking players can minimize their own brain strain and maximize the opponent's brain strain by
using the forehead or crown to strike the jaw pad or rear boss area of the opponent's helmet. Kerr
et al. findings on concussion rates being highest to the front of the head does not have any

descriptives of what the ‘front’ of the helmet entails.’ For Elkin et al. found that the lowest brain
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strain occurred to the crown and forehead but one of the highest brain strain locations was the
front boss (all could be specified as the *front”).>* Both authors did find similarities in the
side/jaw pad locations; Kerr et al. stating that impacts to the side had the second highest
concussion rate and Elkin et al. stating that the jaw pads had some of the highest rates of brain

strain.”>*

Broglio et al. and Cairns et al. had different findings in relation to head impact to the
side.>*%6 One reporting that impacts to the side produced the least amount of linear acceleration*

while the other found it produced the highest.®

These findings could differ due to other reasons,
such as differing levels of team competitiveness, ratio of position groups , player experience, etc.
Although the side of the head seems to have a higher sensitivity to brain strain, findings of the
force being produced have a higher relevance in the matter.>* It is possible that impacts to the
front have a higher rate of concussion and top having higher rates of LOC® due to the crown area
receiving the highest forces** and the front of the head receiving majority of impacts across most

position groups.!! Regardless, both head impact magnitude and location have been shown to play

significant roles when it comes to head safety in the sport of football.
Intervention Strategies to Improve Head Safety in Football

Pankow et al.* and Phillips and Crisco’® both conducted systematic reviews of head
impact and concussion prevention strategies in American Football. Nine articles?®-28:43-46.60.99-102
overlapped in both reviews and the majority of the articles in both were of Level 2 or 3 Evidence
according to Burns et al. ranking of evidence-based medicine (unless otherwise stated in the

published journal the article originated from).!%® The intervention strategies that both reviews

focused on were policy change, education, tackling football alternatives, and tackling training.
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The reviews across football age levels were fairly equal, with youth/minor having seven
articles,?”-61:9%-101.104-106 hioh school level having eight,?6-28:43:46.60.75.84.1005( five

collegiate.25’47’89’107’108

One policy investigated youth tackle football and the injury rate of teams of similar age
compared to teams of similar age and weight.!” Multivariate Poisson regression was analyzed
for teams estimated injury rate ratios, comparing age-only and age-and-weight teams. No
significant differences were found. In the descriptives, however, it should be noted that the
overall combined injuries of all the teams, concussions were the third most common injury (third

most common in age-only teams and fourth most common in age-weight teams).!*

In 2014, several states made rule changes pertaining to contact restrictions in high school
football athletics/organizations. Two studies (Level 2 cohort and a cross-sectional) looked at the
effect of this policy change in terms of sustained sports related concussion (SRC)* and head-
impact exposure.* Pfaller et al., looked at rates of SRC before and after the policy change in
Wisconsin. The change consisted of no full contact practices during the first week of preseason,
75-minute max of full contact in week 2, and after that no more than 60 minutes max per week
(not including games and scrimmages). A chi-squared analysis found a significant difference in

SRC rates of the two groups.

The pre-change policy calculated 0.76 SRC per 1000 athlete exposure (AE), after the
policy change it dropped to 0.33 SRC per 1000 AE. However, the difference in number of
subjects should be taken into account, a total of n=2287 before and n=945 after the policy

change. Pfaller et al. did not collect any evidence of coach adherence to this policy change and
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mentioned that it was not considered when running the statistics but concluded that the coaches

must have adhered to the change due to the significant results.*®

Broglio et al. assessed head-impact exposure before and after the contact policy change in
the state of Michigan.*’ Preseason policy only consisted of having no more than one “collision”
practice a day, and then after the first regular-season game then teams may have no more than
two “collision” practice days in one week. “Collision” practice meaning live, game-speed
contact. CI’s for event rate ratios (RR) were produced through generalized estimated equation
(GEE) models to assess the comparison of head impact frequency and severity of the teams

before and after the policy change.

Head impacts across all positions were found to have an average mean of 592+391 before
policy change and 345+236 after the change, resulting in a 41.8% decline in head impact across
the two seasons (no p value was given). The linear and rotational magnitudes of the two seasons
did not have much difference at all. Comments on coach adherence to the policy change were not
mentioned, as well as the number of contact and noncontact practices were not recorded to assess

adherence either.*®

Policy changes that pertained to collegiate level football were represented by only three
studies. Stemper et al. assessed the policy change made by the National Collegiate Athletic
Association (NCAA) in 2017 that eliminated two-a-day contact practices. Despite this change in
policy, when five teams in the 2016 season (before rule change) was compared to the 2017
season (after rule change) there was only a 9% decrease in mean head impacts per day in the
preseason (12.6+8.6 in 2016, 11.5+7.8 in 2017) and an 8% decrease during the regular season
(12.4+£7.9 in 2016, 11.3£7.6 in 2017). In fact, during preseason there was a statistically

74



significant increase difference in the total number of contact days (29% increase; p=.001) and
overall impacts (26% increase; p=.05) in the 2017 season after the policy change. During the
regular season, however, there was a significant decrease of 17% in total contact days (p=.001)

and 20% decrease in total head impacts (p=.001).4

The decrease in contact days and total head impacts during the regular season show
promise but the unpredicted increase in those areas during the preseason are a bit worrisome.
Assuming the coaches increased the number of contact practices to compensate for this rule
change defeated the purpose of the change in policy in the first place. These same five teams
were assessed again the following season (2018) when the NCAA reduced the number of on-
field practices from 29 to 25 in order to attempt to reduce concussion and HIE risk during the
preseason.®” Although Stemper et al. recorded an average of 16.7+6.5 days of contact practices in
2017 preseason and 15.0+5.0 days of contact in the 2018 after rule change (10.2% decrease), it

was found there was still a 7% increase in the average contact duration.

Findings of no significant change in total and daily preseason head-impact burden
encouraged Stemper et al. to assess each team individual and found that only one of the five
teams had a statistically significant decrease in total preseason HI burden while two teams had a
significant increase in daily preseason HI burden and also in practice contact intensity.*” Coach
compliance to the policy change was not mentioned in the study but it was observed and noted,
all teams did follow the rule change of number of preseason practices. Although coaches adhered
to the rule change, their practice intensities seem to have a difference with respect to the rules of

some teams having increased head impact burden day to day and over the whole preseason.

75



In 2016, Ivy League football coaches suggested a policy change of pushing back the
kickoff line and touchback line by 5 yards (kickoff from 35yd-40yd and touchback from 25yd-
20yd). According to the NCAA, even though kickoff only accounts for 6% of all plays in a
football games, Campbell-McGovern et al. found it resulted in 21% of sustained game
concussions.''” Wiebe et al. collected the reported sustained concussions from Ivy League
schools from 2013-2017.!% Before the rule change, kickoff had a rate of 10.93 concussions per
season that decreased to 2.04 concussions per season after the policy changed; resulting in a 8.88

decrease rate difference (CI 95% -13.86 to -4.09).

Other intervention strategies that have been investigated are coach and athlete education.
Four articles looked at education and its effect on either head impact frequency or
concussion/injury rate. Three of those studies looked at coached education. Kerr et al.
investigated the impact of coaches having Head Up Football (HUF) educational program training
on youth teams (8-15 years old). It was found that teams who had the education training had a
reduction of head impacts during practice when compared to teams who did not have the
education training. When assessing impacts of a 10g threshold, teams had means of 5.6+£2.9
impacts per exposure in the HUF group and 8.9+3.1 in the Non-HUF (NHUF) group (3.4%
difference; 95% CI 2.9-3.9). The 20g threshold also found significant difference (1%; 95% CI

0.7-1.3). No difference was found in head impacts when looking at games.®!

Another Kerr et al. study looked at injury rate of teams that only had HUF training (HUF-
only), those with HUF training that were also affiliated with Pop Warner Football (HUF+PW),
and those who had no HUF training (NHUF). HUF+PW has guidelines that restrict contact

during practices. It was found that HUF+PW teams (aged 11-15 years-old) had a significant
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decrease in concussion rates (0.14 per 1000 AE) during practice when compared to NHUF (0.79
per 1000 AE) (IRR 0.18; 95% CI 0.04-0.85). Again, no difference in concussion rates were found

when looking at games.””

Kerr et al. also compared concussion rates of high school teams who had one coach
undergo a HUF certification with teams with a player safety coach (PSC) that would be there to
monitor and ensure that coaches were implementing proper tackling and blocking techniques.
Concussion rate was lower in the PSC teams (0.09/1000 AE) when compared to coach education
only teams (0.73/1000 AE) (IRR 0.43; 95% CI 0.25-0.74) during practices, but no significance

during games. It should be noted that the PSC team had only one concussion reported.*

Combs et al. was the only study that educated the athletes. Over the span of three
seasons, head impact frequency of high school athletes was recorded, and athletes who were
identified as “high-risk” (utilizing top of head during collisions, having high magnitude impacts,
and have sustained a concussion) underwent three weeks of mentoring to correct behaviors. It
was found that 66% of the mentored athletes had a reduction of impacts to the top of the head
and 53% reduced their overall impact magnitudes.!!! It should be taken into account that
statistical analysis used was not mentioned and p values were not provided. Overall, based on the
information of all head impact and concussion occurrence rates for youth and high school aged
football athletes being almost 50% during practices,®® some sort of mandatory coaching
education or supervision sounds promising in reducing these rates. More studies into education
of collegiate coaches would be beneficial since the rate of head impacts and concussions at that

level are substantially higher than the youth/high school levels.
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Tackle football alternatives were also subject of discussion as a way to decrease injury
rates in youth sports. Flag football and TackleBar football were investigated. Toninato et al.
collected injury rates via survey collection over the span of three months and found that those
who played TackleBar reported no concussions while 141 concussions were reported for those
who played youth tackle football and 795 concussions reported for those who played high school
tackle football. Concluding that injury rates for Tacklebar were lower than traditional tackle
football.!% Two studies looking into flag football found no significance in rate of concussion'®

or head impacts'®

when compared to tackle football. Ultimately, suggesting the idea of an
alternate game play to avoid the harms that traditional tackle football brings is not ideal nor
realistic. Tackle football will always remain, and people will always want to play the sport.

Changing the approach of head safety within the sport is the best bet for increased player head

safety.

Phillips and Crisco systematic review included three other studies that looked into neck
strength training,''? vision training,'’” and tactical change in offensive schemes.”> Despite
Toninato et al. article on neck strengthening fitting the criteria for the review, they did not
included any results that could be assessed, giving no evidence to its effectiveness.'!? Clark et al.
looked at concussion incidence rate of those who underwent preseason visual training to improve
information processing of the central and peripheral visual fields and those who did not.
Interestingly, over the span of 8 collegiate football seasons, those who participated in preseason
vision training had a significantly lower concussion rate (1.4 concussion per 100 athletes)
compared to those who did not (9.2 concussions per 100 athletes [p<.001]).'” Martini had an
interesting assessment as well when assessing the rate of head impacts of ‘run first’ offensive

plays when compared to ‘pass first’ plays. No significance was found in the rate of head impacts
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but ‘pass first’ plays had a significantly higher head impact magnitude (28.56g, 1777.58rad/s2)

when compared to ‘run first’ plays (25.67g, 1675.36rad/s2 [p<.05]).”
Tackling Training

Education is important, but also behavior skills play an important role too. There were
five articles that assessed some sort of tackling training intervention (no specific program
specified) to assess its effectiveness in decreasing head impact and concussion frequency.
Schussler et al. performed a controlled laboratory study, where football experienced, youth
(11.5%0.6 years old) athletes went through tackling training (one-day and then two additional
days) and then performed on a tackle dummy in a lab without any equipment. They measured
head acceleration via the xPatch System. A significant reduction in both linear and rotational
head impact magnitudes were found in just one-day training (linear p=.027; rotational p=.038)
and three-day training (linear p=.021; rotational p=.042).?” There was no comments about
adherence. Bring a controlled laboratory experiment, it is assumed that the athletes completed

the training for this study.

Shanley et al. compared the rate of concussion in high school football programs whose
coaches underwent the Head Up (HU) program in their practices to those who did not, over the
span of one season. Significance was found, with programs utilizing HU program to have 4.1
concussions per 100 players (95% CI 3.3-5.1) and programs that did not have HU training
(NHU) having 6.0 concussions per 100 players (RR=1.5; 95% CI1.1-2.1). It was also found that
those who received a concussion in the HU group had a 27% faster return to participation rate

compared to those concussed in the NHU teams.!?’ Daily adherence of coaches implementing
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HU program guidelines was not recorded, but there were three random incidences where

researchers did make an appearance to monitor those actions.

Champagne et al. looked at high school aged athletes that implemented targeted football
drills that were performed without any equipment. These drills were selected based on a pre-
season assessment of the players’ current skills and were conducted twice a week. A Tackle
evaluation was repeated midway through the season and at the end of the season. After just one
month of implementing the drills, there was a 30% decrease in total head impact frequences per

session (p=.0022).2

Swartz et al. conducted two randomized control trials (one on high school athletes*® and
one on collegiate®®) where athletes underwent weekly tackling training drills without any
equipment (program know as Helmetless Tackling Training [HuTT®]). Over the span of two
seasons, the results at the high school level varied, with a reduction of head impacts per exposure
(Imp/AE) during games at week four (p = 0.0001 season 1, p = 0.0005 season 2) and 7
(p = 0.0001 both seasons) when compared to the controlled participants.?® Over the span of one
season, collegiate participants’ Imp/AE of the intervention group (9.99+6.10) decreased by 30%
when compared to the controls Imp/AE (14.32+ 8.45) that stayed the same throughout (p
=0.045).%> Compliance was not commented on for researchers reported to practices when the

drills needed to be performed and was monitored until completion in both studies.

There are a lot of strategies that are still undergoing testing to prove their effectiveness in
improving head safety in the sport of football. Although it may take time for implementation to
occur, having evidence to support these claims is necessary. Policy change can prove

effectiveness in practices; however, a change in weekly or daily contact limitation may have
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better results than a change in quantity of practice days. Education will always be beneficial in
this sport but buy-in and consistency from the coaches will be necessary in order to see effective

change occur.

Tackling training is the most studied and proves its effectiveness, but just like education it
requires coach and player but-in and support. The studies assessed did not mention much of
adherence/compliance to the strategies being enforced, and the authors did not comment on the
rate of buy-in from the support of their studies. Further investigation into the effectiveness of
these strategies without full buy-in might give further answers that will be beneficial in the

future.

Adherence & Compliance

Despite there being resources to encourage safe practices in the sport of football, coaches
and athletes must adhere and comply to see if positive changes occur. Due to there being no
regulation for what football coaches choose to teach their players tackling and blocking
techniques, there has yet to be much research into the effects it imposes on the player's

adherence/compliance to these interventions.

A cross-sectional online survey on the FIFA11+ (soccer injury prevention program shown
to decrease soccer-related injuries by up to 40%) taken by players of all ages, coaches,
administrators, and medical staff found interesting adherence results. It found that medical staff
had the highest awareness of this program (93.8%), followed by coaches (52.7%), players
(32.6%), and non-coaching staff (16.2%). Despite the percentage of awareness, only 18.8% of
the respondents use the program at their clubs, while the remainder use a modified program with

no evidence of effectiveness.'3
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Improving Head Safety

The National Athletic Trainers’ Association has recently updated its position statement
for reducing head-first contact behavior in football by providing 14 recommendations.!'* These
recommendations were ranked using the Strength of Recommendation Taxonomy (SORT) letter-
based scale (A, B, C). Of the 14, none had an SOR: A, but 6 had an SOR: B (evidence from
randomized control trials but limited data in those areas). Two B-ranked recommendations fell
under skill development and behavioral modification, suggesting the implementation of
progressive carrying, tackling, and blocking techniques for first-time exposed football athletes

and then maintaining those skills at all levels.!!*

For rules and regulations, it was suggested that the regulation of full-contact practices be
enforced and that day-to-day practices structure their drills to reinforce safe blocking/tackling
techniques. The last area of focus is on technology and scientific research. These areas want to
recognize that the use of add-on helmet products is not positively contributing to safer play
practice and that video surveillance of practices/games and head-impact monitoring systems may

be more beneficial in recognizing behaviors that can be corrected for safer play.!!*

The remaining recommendations received an SOR: C (evidenced based in
nonrandomized trials and observational studies) rank. An education and administrative approach
had five suggestions to help contribute to head safety. Collaborating with coaches, athletic
trainers, athletic directors, and any other personnel working for the benefit of the team as a whole
consistently to ensure they are doing all they can to implement these safety strategies and

requiring consistent education and communication about best practices for head safety to players,
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officials, and parents as well as certification needed/education for coaches of all levels on the

dangers of head-first contact behaviors.

One suggestion for rules and regulations was consistent enforcement from officials on
penalties and fines that promote head-first contact behavior—for technology and scientific
research areas, exposing team participants (coaches, administrators, etc.) to validated techniques,
technology, and strategies that promote head-safe behaviors and educating the athletes to not rely

on the equipment to ensure their safety alone.

Although the NATA provides insightful recommendations, the momentum it will cause
will be slow. It is reverting to Ross et al. findings in their survey, showing that the knowledge of
a program that reduces the incidence of a soccer injury by a significant amount still yielded little
action in implementing that program from those aware of its effectiveness.'!® As to why coaches,
athletes, and medical personnel are not eager to jump on board with a researched method that
ensures the safest outcome for athletes is unknown. If anything, it shows that other factors get in
the way of promoting best evidence-based practices, whether that be ego, skepticism, or even
just being contemptuous of current practices (the ‘why fix something if it is not broken’

mentality).
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APPENDIX

A. Parent Consent & Player Assent Forms

University of Hawai'i
Parent Informed Consent to Participate in a Research Project

Dr. Nathan Murata, PhD, Principal Investigator

Project title: Reducing Head Impact Exposure in Hawaiian Football Players and Enhancing
Community Awareness and Environment for Head-Safety

Aloha! My name is Dr. Nathan Murata and I am asking your permission to allow your child to
participate in a research project to study the effectiveness of the HuTT® Technique (Helmetless
Tackling Training). You and your child are being asked to participate because your school’s
football team elected to partner with our researchers.

Participation in this study is a voluntary. Your decision to allow or not allow your child to
participate in the study does not affect your child’s role on the football team. Also, if you allow
your child to participate now and later change your mind, you may withdraw your child at any
time without penalty.

The purpose of the research is to learn how best to reduce head impact exposure in high school
football players and to improve our knowledge of the effects of repetitive head impacts in
football.

Participation means that your child will complete supervised drills without a helmet or
shoulder pads. The HUTT® (helmetless tackling training) program is designed to execute
blocking and tackling techniques that remove the head as a point of impact - modeled after rugby
where helmets are not worn. Drills will take place during practice time using coaching feedback
that immediately confirms or corrects proper technique. Also, your child will partake in ImPACT
baseline testing at the beginning and end of each football season.

The risks of participating in this study. Your child will be asked to participate in drills
designed to reinforce proper techniques going into contact for a tackle or block. These drills are
completed without helmets and shoulder pads and involve tackling dummies and padded
player-shields to minimize injury risk. ImPACT testing is a computerized test that will only
take about 20-30min to complete.
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There are inherent risk when participating in tackle football including but not limited to
musculoskeletal injuries, head injuries, neck injuries, and spinal injuries. Please inform the
researcher(s) if you have any injuries or problems related to your participation. You should also
notify your regular doctor(s) and athletic trainer. If you become injured or ill as a result of
participation in this research project, you or your insurance company may be responsible for
the costs of any treatment or care. The University of Hawaii has not set aside any funds to
assist in treatment or care for injuries or illness.

Risks associated with ImPCAT testing may include testing stress and eye strain from the
computer. Your child can inform the proctor if this occurs and will be allowed a break if
necessary.

The direct benefits for participating in this study are minimal. You or your child will not
receive any compensation. However, your child will be exposed to the HuUTT® program
providing beneficial techniques for reducing the head to impact exposure during tackling and
blocking.

Results of this research will be used in reports, presentations, and publications and the data will
be reported as an aggregate and in summary. As such, there is no way an individual participant
will be identified. Reporting of findings will be done in a way that protects your child’s privacy
and confidentiality to the extent allowed by law.

Confidentiality of all data and records associated with your child’s participation throughout the
study will be of primary importance. Each participant will be assigned a unique code to remove
personal identification from the data and day-to-day operations. Furthermore, any personal
information and corresponding identifiers will be stored on a password protected computer
and/or a locked filing cabinet accessible only to the research team. Any pictures and/or video
recordings that become necessary for reporting and/or instructional purposes will be handled in
the same way as data. All records and documentation will be kept for three (3) years after
completion of the study and will be destroyed at the end of this time.

Other agencies that have legal permission to review research records. The University of
Hawaii Human Studies Program has the right to review research records for the safety research
participants.

You may contact the UH Human Studies Program at 808.956.5007 or uhirb@hawaii.edu to

discuss problems, concerns and questions, obtain information, or offer input with an informed
individual who is unaffiliated with the specific research protocol. Please visit
http://go.hawaii.edu/jRd for more information on your rights as a research participant.
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If you have specific questions about this research project or would like more information before,
during, or after the study, you may contact Dr. Nathan Murata at 808-956-7703 or
nmurata@hawaii.edu.

sk sk s sk s ke sk sk skoke sk

I, (print name), give permission for my child

(print name) to join the research project titled,

Reducing Head Impact Exposure in Hawaiian Football Players and Enhancing Community

Awareness and Environment for Head-Safety.

Signature Parent or Legal Guardian:

Signature of the Person obtaining Consent:

Date:

Keep a copy of the informed consent for your records and reference. Mahalo!
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University of Hawai'i
Child Assent to Participate in a Research Project

Dr. Nathan Murata, PhD, Principal Investigator

Project title: Reducing Head Impact Exposure in Hawaiian Football Players and Enhancing
Community Awareness and Environment for Head-Safety

Aloha! My name is Dr. Nathan Murata and I am asking your permission to participate in a
research project to study the effectiveness of the HuTT® Technique (Helmetless Tackling
Training). You are being asked to participate because your school’s football team elected to
partner with our researchers.

Participation in this study is a voluntary. Your decision to participate in the study does not
affect your role on the football team. Also, if you choose to participate now and later change
your mind, you may withdraw at any time without penalty.

The purpose of the research is to learn how best to reduce head impact exposure in high
school football players and to improve our knowledge of the effects of repetitive head impacts
in football.

Participation means that you will complete supervised drills without a helmet or shoulder
pads. The HUITT® (helmetless tackling training) program is designed to execute blocking and
tackling techniques that remove the head as a point of impact — modeled after rugby where
helmets are not worn. Drills will take place during practice time using coaching feedback that
immediately confirms or corrects proper technique. Also, you will partake in ImPACT
baseline testing at the beginning and end od each football season.

The risks of participating in this study are minimal. You will be asked to participate in
drills designed to reinforce proper techniques for going into contact for a tackle or block.
These drills are completed without helmets and shoulder pads and involve tackling dummies
and padded player-shields to minimize injury risk. InPACT testing is a computerized test that
will take about 20-30min to complete.

There are inherent risks when participating in tackle football including but not limited to
musculoskeletal injuries, head injuries, neck injuries, and spinal injuries. Please inform the
researcher(s) if you have any injuries or problems related to your participation. You should
also notify your regular doctor(s) and athletic trainer. Risks associated with InPCAT testing
may include testing stress and eye strain from the computer. Please inform the proctor and
you will be allowed a break if necessary.

The direct benefits for participating in this study are minimal. You will not receive any

compensation. However, you will be exposed to the Hi'TT® program providing beneficial
techniques for reducing the head to impact exposure during tackling and blocking.
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Results of this research will be used in reports, presentations, and publications and the data
will be reported as an aggregate and in summary. As such, there is no way an individual
participant will be identified. Reporting of findings will be done in a way that protects your
privacy and confidentiality to the extent allowed by law.

Confidentiality of all data and records associated with your participation throughout the study
will be of primary importance. Each participant will be assigned a unique code to remove
personal identification from the data and day-to-day operations. Furthermore, any personal
information and corresponding identifiers will be stored on a password protected computer
and/or a locked filing cabinet accessible only to the research team. Any pictures and/or video
recordings that become necessary for reporting and/or instructional purposes will be handled
in the same way as data. All records and documentation will be kept for three (3) years after
completion of the study and will be destroyed at the end of this time.

Other agencies that have legal permission to review research records. The University of
Hawaii Human Studies Program has the right to review research records for the safety
research participants.

You may contact the UH Human Studies Program at 808.956.5007 or uhirb@hawaii.edu to
discuss problems, concerns, and questions, obtain information, or offer input with an
informed individual who is unaftiliated with the specific research protocol. Please visit
http://go.hawaii.edu/jRd for more information on your rights as a research participant.

If you have specific questions about this research project or would like more information
before, during, or after the study, you may contact Dr. Nathan Murata at 808-956-7703 or
nmurata@hawaii.edu.

sk sk st sk s s ok skosk ok keok

L (print name), agree to join the
research project titled, Reducing Head Impact Exposure in Hawaiian Football Players

and Enhancing Community Awareness and Environment for Head-Safety.

Signature of Participant:

Signature of the Person obtaining Assent:

Date:

Keep a copy of the informed assent for your records and reference. Mahalo!

99


mailto:uhirb@hawaii.edu
http://go.hawaii.edu/jRd
mailto:nmurata@hawaii.edu

B. HuTT® Progression

Functional
. Phase
Dynamic * Reactive
@ Phase + Body. 200y Bontact

* Multi-planar * Football intensive
Static « Body-Bagcontact  * Moving objects

FOundation « Body-Body contact

* Impact form

. intensive
«Uni-planar

= Point-of-contact focus
s5tatic objects
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C. HuTT® Prescription

Week Day Drill 1 Sequence Drill 2

1 1 | 6-point fit & reaction — 6-point roll
2 | 6-point fit & reaction — 6-point roll
3 | 6-point roll — 2-point fit
4 | 6-pointroll — 2-point fit
2 | 1 | Shimmy Run (Fit) — Shimmy Run (Roll)
2 | Angle Run (Fit) = Angle Run (Roll)
3 | Angle Run (Roll) =) Eye Opener
4 | Eye Opener — Angle Reaction (Fit & Roll)
3 1 | Shimmy Run (Fit) — Shimmy Run (Roll)
2 | Sled Strike & Tackle (Fit) \ 4 High Block Shed & Tackle (Fit)
4 | 1 |Sled Strike & Tackle (Roll) 4 Low Block & Tackle (Roll)
2 | Angle Run (Fit) &> | Angle Reaction (Roll)
5 | 1 | Eye Opener R Sled Strike & Tackle (Roll)
2 | Shimmy Run (Fit) — Angle Run (Roll)
6 | 1 [Sled Strike & Tackle (Fit) 4 High Block Shed & Tackle (Fit)
2 | Sled Strike & Tackle (Roll) =) Low Block & Tackle (Roll)
7 | 1 | Angle Run (Roll) L Angle Reaction (Roll)
2 | Eye Opener S ——4 Sled Strike & Tackle (Fit)
8 | 1 | Shimmy Run (Fit) (g Angle Run (Roll)
2 | Sled Strike & Tackle (Fit) ~ High Block Shed & Tackle (Fit)
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