1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Appl Biomech. Author manuscript; available in PMC 2024 January 25.

-, HHS Public Access
«

Published in final edited form as:
J Appl Biomech. 2023 June 01; 39(3): 157-168. doi:10.1123/jab.2022-0196.

Characterization of head acceleration exposure during youth
football practice drills

Ty D. Holcomb1:2, Madison E. Marks12, N. Stewart Pritchard!2, Logan Millerl:2, Mark

A. Espeland3#4, Christopher M. Miles®, Justin B. Moore®7:8 Kristie L. Foley%8, Joel D.
Stitzell:2, Jillian E. Urban2

1Department of Biomedical Engineering, Wake Forest University School of Medicine, Winston-
Salem, NC

2Virginia Tech-Wake Forest School of Biomedical Engineering and Sciences, Winston-Salem, NC

3Department of Internal Medicine, Wake Forest University School of Medicine, Winston-Salem,
NC

“Department of Gerontology and Geriatric Medicine, Wake Forest University School of Medicine,
Winston-Salem, NC

5Department of Family and Community Medicine, Wake Forest University School of Medicine,
Winston-Salem, NC

8Department of Implementation Science, Wake Forest University School of Medicine, Winston-
Salem, NC

"Department of Epidemiology & Prevention, Wake Forest University School of Medicine, Winston-
Salem, NC

8Division of Public Health Sciences, Wake Forest University School of Medicine, Winston-Salem,
NC

Abstract

Many head acceleration events (HAES) observed in youth football emanate from a practice
environment. This study aimed to evaluate HAESs in youth football practice drills using a
mouthpiece-based sensor, differentiating between inertial and direct HAES. Head acceleration

data was collected from athletes participating on two youth football teams (ages 11-13) using

an instrumented mouthpiece-based sensor during all practice sessions in a single season. Video
was recorded and analyzed to verify and assign HAES to specific practice drill characteristics,
including drill intensity, drill classification, and drill type. HAEs were quantified in terms of HAES
per athlete per minute and peak linear and rotational acceleration and rotational velocity. Mixed
effects models were used to evaluate the differences in kinematics and generalized linear models
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were used to assess differences in HAE frequency between drill categories. A total of 3,237 HAES
were verified and evaluated from 29 football athletes enrolled in this study. Head kinematics
varied significantly between drill categorizations. HAEs collected at higher intensities resulted in
significantly greater kinematics than lower intensity drills. The results of this study add to the
growing body of evidence informing evidence-based strategies to reduce head impact exposure
and concussion risk in youth football practices.

Introduction

There is increasing evidence that repetitive head impacts in contact and collision sports may
be associated with short- and long-term changes in cognitive function, and may influence
an individual’s risk of concussion. However, information remains limited regarding the
relationships between youth sport participation and long-term neurological affects.1-12
Previous studies have also concluded that youth (ages 9-12) football athletes endure head
acceleration events (HAES) similar to the magnitude of those sustained by high school

or college football athletes.13-1° In recent years, youth football has seen a decline in

athlete participation with racial/ethnic minorities and adolescents from households with
lower socioeconomic status being less likely to participate.18 This has been attributed to
increased public awareness of concussion risks and long-term effects of repetitive head
impacts. Despite rising concerns, more than 2.5 million youth football players participate in
the sport each year.17-18 Therefore, it is critically important to accurately characterize head
acceleration experienced by youth athletes to adequately inform prevention efforts.

Steps have been taken to address and assure athlete safety by some youth football
organizations such as Pop Warner. These include limitations on contact in practice and
exclusion of head-on blocking or tackling drills in which athletes begin more than three
yards apart. Additionally, the amount of contact allowed at each practice has been reduced
to only include a maximum of 1/3 of total practice time in certain organizations like Pop
Warner.1% However, Kelley et al demonstrated that teams with less player-to-player contact
time may still experience higher head impact exposure due to the intensity of contact.20
Experts have also suggested a variety of rule changes to the sport such as the prohibition
of offensive and defensive lineman starting in a three-point stance and limiting full contact
practice to no more than two days per week for all players.21-23 Educational programs,
such as Heads Up Football, have been adopted by some organizations with the intentions
of informing coaches of the dangers of improper equipment and high intensity contact
practice drills. The results of equipping coaches with strategies to decrease concussion risk
in a practice environment have been positive.142224 Evaluations of strategies that can be
utilized to reduce the risk of HAE exposure in contact sports found that limiting contact
practice in youth football, along with rule enforcement to reduce head contact, are effective
when attempting to increase athlete safety.25 However, not all football organizations have
adopted similar educations and rule changes. Most youth-football organizations operate on
a community level, allowing coaches, who are often volunteers, a significant degree of
freedom to structure practices as they see fit. A previous study suggested that relying on
coaches at the community level to voluntarily adopt biomechanics informed interventions
can result in less than satisfactory implementation.26
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Despite the inherent risk of head injury in contact and collision sports, there is a
well-documented benefit from participating in these sports, especially during adolescent
development. Previous studies demonstrate that athletes participating in team sports such

as football are more likely to be physically active, exhibit improved functional movement
skills, and possess improved mental health, leading to better social identity and social
adjustment.2” Efforts to improve athlete safety should be informed by biomechanical
evidence; therefore, further research in the subject of practice structure and specific practice
drill contact characteristics is required to maximize both athlete safety and the benefits of
participating in the sport of football.

Prior studies have highlighted the effectiveness of rules, regulations, and practice structure
in curbing HAE exposure among athletes in the sport of football.25:28:29 A study conducted
by Kelley et al concluded that exposure to HAES varies significantly between practice
drills and that full-speed tackling and blocking drills resulted in the highest head impact
magnitudes.20-30 Campolattano et al documented the tendency for higher-magnitude HAEs
to occur in practice than competitions and that practice exposure could be mitigated by
modifying athlete time spent in high contact drills and even recommended the elimination
of certain drills entirely.3! Both HAE frequency and magnitude have been previously
studied.20:30.32-36 Ke|ley et al noted the tendency for multi-player vs player tackle drills

to increase the frequency of HAEs.3? Frequency and magnitude of HAES contribute to the
cumulative burden of head impact exposure and can influence brain health and increase
concussion risk.”:8:37-39 |t is imperative that both HAE frequency and magnitude be
evaluated when characterizing differences between football practice drills.

Few studies have examined the differences between HAEs among different practice drills
and most have used helmet-based sensors.1149 Additionally, a previous study conducted by
Tierney et al highlighted the importance of differentiating between contact events, including
inertial (indirect) head loading events, when measuring HAE exposure in football.41
Therefore, the objective of this study was to evaluate HAEs in youth football practice drills
using a mouthpiece-based sensor. Additionally, this study sought to differentially evaluate
direct and indirect HAEs across drills to better inform safety efforts to reduce head impact
exposure in practice.

Head acceleration data were collected from athletes participating on two separate youth
football teams (ages 11-13). The study protocol was approved by the Wake Forest
University School of Medicine Institutional Review Board. Participant assent and parent/
legal guardian consent was obtained prior to enrollment in the study.

Sensor Fabrication:

A digital scan of the dentition of each enrolled athlete was collected (TRIOS intraoral
scanners; 3Shape A/S, Copenhagen, Denmark). A 3D model was created from the digital
scan and printed to create custom-fit mouthpiece sensors. A soft mouthguard overlay was
integrated into the acrylic mouthpiece sensors to provide greater skull coupling and comply
with mouthguard functions as recommended by football organizations. The mouthpiece
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sensor system is comprised of an accelerometer and an angular rate sensor mounted on

a custom print circuit board to measure head kinematics with six degrees of freedom32
and has been previously validated for kinematic measurements and used to collect data

in hockey, soccer, and gymnastics.#2-4> The mouthpiece sensors were set to record data
when the accelerometer exceeded 5 g on any axis for at minimum three milliseconds;

data were recorded 15 milliseconds prior, and 45 milliseconds post trigger. Previous head
impact sensors have used a 10 g resultant threshold to eliminate HAES determined to

be inconsequential non-impact events (e.g., running and jumping).3546-48 The mouthpiece
sensors were set to collect data when acceleration above 5 g was detected on any axis for
longer than 3 ms to maximize the number of captured HAEs by the mouthpiece.*? Video-
verification of each HAE was completed to ensure non-impact events were not included in
the data set.

On-Field Data Collection:

The athletes (n = 29) were instrumented with the mouthpiece sensors for a single fall
football season, including all contact practices and games. At team sessions, mouthpiece
sensors were distributed to study participants. A single camera (Sony, Model: FDR-AXA43;
1080p, 60 fps) was mounted in a location in close proximity to the center of the football
field and elevated approximately 10 feet above the field with a clear view of all study
participants. This camera was time aligned to the mouthpiece client by displaying the
mouthpiece client time (HH:MM:SS) on the first frame of video. Using this time alignment,
video was paired to recorded events from the mouthpiece sensors in the time window

that the session was taking place. During each contact practice session, a member of the
research team noted the beginning and end times for all drills. At session conclusion, all
mouthpiece sensors were collected from study participants. Event data were downloaded
from the devices and all devices were sanitized between sessions.

Video Review:

A custom video analysis program developed in MATLAB (MathWorks, Natick, MA)

was used to independently review all events recorded by the mouthpiece sensors.4® The
exact event time as recorded by the mouthpiece sensors was viewed alongside the time-
synchronized video and events were categorized using a variety of drill characteristics. The
practice drill characteristics coded in this study included drill intensity, drill classification,
and drill type. Drill intensity was used to categorize drills by level of contact and was
evaluated according to the levels of contact defined by USA Football.59 Drill classification
was used to categorize drills by the number of athletes participating in a drill and was
adapted from a study conducted by Kelley et al.30 Drill type was created with input from
the coaches of Teams A and B based upon drills that each team utilized in practice sessions.
Definitions for each drill characteristic category are provided in Tables I. False events (i.e.,
a sensor recording due to an athlete dropping the mouthpiece sensor onto the ground or
collecting an event while not participating in a practice drill or competition) identified
during film review were marked and excluded from analysis. Direct HAEs (i.e., events
where the helmet of the athlete was directly impacted) and indirect HAEs (i.e., events where
the primary collision to the body of the athlete resulted in inertial motion of the head)

were identified using video analysis. In the case that an event was unclear on video, the
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characteristics of the moments surrounding the event and a second opinion from another
video reviewer were used to identify events with the highest degree of certainty.

Interrater reliability of video reviewers was assessed by comparing the coding of practice
sessions among reviewers. The contact characteristics identified by each independent
reviewer were compared against each other and Cohen’s kappa was calculated.>! The
results of the interrater reliability were deemed to be acceptable (minimum agreement

x > 0.60). Any discrepancies in video review were addressed to ensure consistent event
characterization across reviewers.

Signal Analysis:

The normalized linear acceleration amplitude spectra were calculated for all verified HAEs
using thresholds of —30 dB and 1500 Hz were used on the peak normalized (units of

dB) amplitude spectra to identify HAEs with abnormal frequency content. All HAE signal
frequency content was further examined using the rotational acceleration amplitude spectra
for the remaining the remaining HAEs. HAES that exceeded the 99.9th percentile rotational
acceleration amplitude at each frequency domain were excluded.

Statistical Analysis:

Following the methods described by Rich et al, peak resultant linear acceleration, rotational
acceleration, and rotational velocity were calculated for each true positive event (i.e., an
event that was recorded with the mouthpiece sensor and simultaneously visible on video).42
To calculate event rates, the number of true-positive events for a given athlete was divided
by the time spent in a specific drill on a given day. HAEs were further stratified by

direct HAEs and indirect HAEs. Peak resultant linear acceleration, rotational acceleration,
rotational velocity, and HAE rates were log-transformed for analyses due to the right
skewed distribution of the data. Mixed effects models were used to evaluate differences

in kinematics among drill categories (drill intensity, drill classification, and drill type),
controlling for repeated measures among participants. A secondary analysis using mixed
effects models was conducted to evaluate kinematics stratified by direct HAE and indirect
HAE. All models were adjusted for confounding factors of team and date. HAE rates among
drill categories were compared using generalized linear models, with adjustment for team
and date. Due to low number of events (n) after indirect HAE and direct HAE stratification,
Skelly (n =27) and 1 on 1 Pass (n = 36) were excluded from the drill type analysis. A
Bonferroni correction was applied for all statistical tests control for multiple comparisons.
All statistical analyses were completed using SAS statistical analysis software (Version 9.4).
Events exceeding 25 g peak resultant linear acceleration were classified as high magnitude
events and the total number of events above this threshold per drill was tabulated. The

25 g threshold was chosen as it approximately represented the 95th percentile from the
distribution of linear acceleration and was thus used as the cutoff for defining the top 5%
of the data. Additionally, to aptly compare the results of this study to past studies, a digital
threshold of 10 g peak resultant linear acceleration was applied to all data and the median
and 95t percentile were reported.
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A total of 57,988 events were collected from twenty-nine individual athletes participating
on two separate teams (Team A and Team B) over 26 and 32 practice sessions, respectively.
A total of 3,268 HAEs were identified with video-verification. Using the aforementioned
99.9th percentile rotational acceleration amplitude analysis, a total of 31 events were
excluded for exceeding the threshold. A total of 3,237 HAESs were associated with a real
contact event; 2008 events were attributed to Team A and 1229 events were attributed to
Team B. Of the 3,237 events measured by the mouthpiece sensors, 2,105 (65.0%) events
were classified as indirect HAEs and 1,132 (35.0%) events were classified as direct HAEs.
Peak resultant linear and rotational acceleration and rotational velocity for all practice
drill characteristic categories varied among teams and over time. Overall, the median (95"
percentile) peak resultant linear and rotational acceleration was 9.4 g (26.4 g) and 657
rad/s? (1737 rad/s?), respectively. The median and 95! percentile peak resultant rotational
velocity was 8.4 rad/s (16.6 rad/s). A total of 1472 (45.5%) HAEs were above 10 g with

a corresponding median (95™ percentile) peak resultant linear and rotational acceleration
of 14.5 g (32.7 g) and 930 rad/s? (2319 rad/s?), respectively, and peak resultant rotational
velocity of 10.5 rad/s (19.2 rad/s). No events collected in this study resulted in a clinically
diagnosed concussion.

Drill intensity (Table Il) had a significant association with peak resultant linear acceleration
(p < 0.01), rotational acceleration (p < 0.001), and rotational velocity (p < 0.001). Drill
intensity level three practice drills had the highest 95 percentile peak resultant kinematics
and highest median rotational acceleration and velocity. Practice drills conducted at drill
intensity level one had the lowest mean linear acceleration and rotational velocity. Drill
intensity level one drills had significantly lower mean linear acceleration than drill intensity
level five and drill intensity level three drills (both p = 0.0006 and p = 0.0003 respectively).
Drill intensity level three drills had significantly higher mean rotational velocity than drill
intensity level one, drill intensity level two, and drill intensity level five drills (all p <
0.001). Additionally, drill intensity level three drills had significantly greater mean rotational
acceleration than drill intensity level five drills (p = 0.0238). The greatest proportion of
HAEs occurred at drill intensity level five (n = 2378, 73.5%), followed by drill intensity
level three (n = 403, 12.4%), and drill intensity level 2 (n = 355, 11.0%).

Boxplots were used to display the differences between peak resultant linear acceleration,
angular acceleration, and rotational velocity in direct and indirect HAEs by drill intensity
(Figure 1). Practice drills conducted at drill intensity level four had the highest proportion

of direct HAEs (44.7%), followed by drills conducted at drill intensity level three (41.2%).
Practice drills conducted at drill intensity level two had the lowest proportion of direct HAEs
(25.4%). Mean peak resultant rotational acceleration was highest in drill intensity level three
for direct and indirect HAEs (p < 0.001). Direct HAEs had greater peak resultant linear
acceleration, on average, across all drill intensity categories (p < 0.001).

Drill classification (Table 111) had a significant effect on peak resultant linear acceleration
(p < 0.001), peak resultant rotational acceleration (p = 0.005), and peak resultant rotational
velocity (p < 0.001). Minimal or no player contact had the lowest number of HAEs and
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lowest median kinematics, while single player vs player contact had the second highest
number of HAEs and median kinematics. The greatest 951" percentile for all peak resultant
kinematics was observed in minimal or no player contact drills followed by single player
vs player contact drills. Single player vs player contact drills had significantly greater mean
kinematics than minimal or no player vs player contact drills (all p < 0.05).

The distribution of peak resultant linear acceleration, rotational velocity, and rotational
acceleration were compared across direct and indirect HAES as shown below in Figure 2.
Direct HAEs had greater peak resultant linear acceleration, on average, compared to all drill
classification categories. Single player vs player contact drills had the highest proportion of
direct HAEs (36.5%), followed by multiple player vs player contact (34.2%) and minimal or
no player contact drills (32.1%).

Drill type (Table 1V) had a significant effect on peak resultant linear acceleration, rotational
acceleration, and rotational velocity (all p < 0.001). Open field tackle had the highest mean
linear and rotational acceleration. Open field tackle and angle tackle had significantly greater
mean linear and rotational acceleration than team scrimmage, inside run, 1-on-1 block,
individual, and dummy or sled (all p < 0.001). Angle tackle had significantly higher mean
rotational velocity compared to the aforementioned drills (all p < 0.001). Angle tackle,

open field tackle, 1-on-1 tackle, and Oklahoma were not significantly different from one
another across all kinematic metrics. Significant differences in accelerations and event rate
are indicated by non-overlapping 95% confidence intervals (ClI).

Dummy or sled, inside run, and Oklahoma had the highest rate of HAESs per athlete.

The practice drills with the lowest rate of HAESs per athlete were team scrimmage, and
individual. Oklahoma had one of the highest rates of HAEs per athlete, which was
significantly greater than team scrimmage (p = < 0.001) and individual (p = 0.002), but

was conducted for the least amount of total time during the season. Team scrimmage, where
the most cumulative time was spent throughout the season, had a significantly lower rate

of HAEs per athlete than most other practice drills (all p < 0.03), with the exception of
individual.

A pairwise comparison of kinematic measurements between drills is provided in Figure 3.
Significant differences in acceleration and event rate are indicated by non-overlapping 95%
confidence intervals. The practice drill type with the largest proportion of direct HAES was
1-on-1 tackle followed by Oklahoma and open field tackle (Figure 3D). The drill types
associated with the lowest proportion of direct HAEs were 1-on-1 block and dummy or
sled. Events classified as direct HAE measured greater values for peak resultant linear
acceleration, on average, across all drill types.

Discussion

The purpose of this study was to evaluate HAEs in youth football practice drills using

a mouthpiece-based sensor that couples rigidly to the upper dentition. Because practice
sessions represent a higher proportion of HAES throughout the season?®31:52 and practices
are environments amenable to intervention, it is important to accurately characterize HAES
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associated with different practice drills. The results of this study demonstrate significant
differences in HAEs among practice drills in youth football. Single athlete vs athlete drills
conducted at a greater closing distance (open field tackle and angle tackle) resulted in higher
kinematics when compared to multiple athlete vs athlete practice drills. This study also
demonstrates that multi-player vs player practice drills have higher event rates on average.

The median peak resultant linear acceleration (9.4 g, 14.6 g adjusted) recorded in this

study was lower than the results reported by Kelley et al (20.2 g), Cobb et al (19 g), and
Bellamkonda et al (18.2 g) in similar football practice drill studies.1#20:52 The median
rotational head acceleration recorded in this study (663 rad/s2, 939 rad/s? adjusted) was
comparable to the results reported by Kelley et al (962 rad/s2), Cobb et al (890 rad/s?),

and Bellamkonda et al (1290 rad/s?). Differences in linear acceleration are likely due to

the lower 5 g trigger threshold utilized in this study compared to the commonly used 10 g
threshold.11 When limited to events over 10 g, the data are more comparable to past studies,
although median peak resultant linear acceleration is still lower. Previous studies have
highlighted the importance of including lower magnitude impacts (i.e. less than 10 g) as
football athletes who experience low intensity events at a higher frequency often experience
more frequent post-impact symptoms that may result in undiagnosed concussions.32:3¢ The
instrumented mouthpiece used in this study was also used by Marks et al to collect HAEs
in games in addition to practices.>3 HAEs collected in games resulted in higher mean peak
kinematics than HAEs collected in practices which is consistent with previous findings.36

Drill intensity was evaluated according to the levels of contact as defined by USA
Football.>® While several practice drills classified as drill intensity zero, in which the athlete
ran unopposed and without contact through a drill, were observed throughout the season,
none of these drills resulted in a HAE. Practice drills conducted at USA football’s defined
drill intensity level zero were often more focused on developing and improving athlete
technique without the presence of contact. Practice drills conducted at drill intensity levels
three to five were focused heavily on contact as a means of instruction. USA football defines
drills conducted at drill intensity level three as “drills conducted at an assigned athlete
speed where one athlete is pre-determined as the winner and athletes are allowed to take
the opposing athlete to ground in a controlled manner”.% Drill intensity level five drills are
defined as a drill that is conducted at a competitive speed with competition-like conditions.
On average, peak kinematics at drill intensity level three were highest; however, peak
kinematics at drill intensity level three were only significantly greater than peak kinematics
in drill intensity level one and drill intensity level two (p < 0.01). A greater number of
HAEs were measured at drill intensity level five. This could be because the practice drills
that were often categorized as drill intensity level three included angle tackle and 1-on-1
tackle, which were associated with higher kinematics compared to the other practice drills
that frequently fell within drill intensity level five (team scrimmage, inside run, Oklahoma,
open field tackle). Team scrimmage in particular was conducted for a larger portion of total
practice time when compared to other practice drills and accounts for the higher number

of HAEs recorded for drill intensity level five. Drill intensity level three measured the
largest 95! percentile of 32.0 g which may indicate that athletes were subjected to higher
proportion of greater magnitude events. The results of this study indicate that even with

a controlled speed and pre-determined winner, such as the practice drills categorized in
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drill intensity level three, drills in which athletes are allowed to tackle the opposing athlete
may result in higher average kinematics than drills where both athletes remain on their feet
and contact remains above the waist. Because of the nature of contact involved in football
games, athletes must learn how to safely block and tackle in a practice setting prior to a
game. Efforts to reduce head impact exposure in practice should consider the necessity of
gaining experience with contact in practice and how skills gained from drills in practice
translates to on-field behaviors and skills that influence head impact exposure in a game
setting.

The greatest number of HAES were attributed to multi-player vs player contact drills while
minimal or no player contact had the lowest number of impacts. This is similar to previous
findings from Kelley et al in which multiple player vs player contact drills accounted for
the greatest number of HAEs for five out of the six teams instrumented in the study.30
Single player vs player contact resulted in greater mean peak resultant linear acceleration,
rotational acceleration, and rotational velocity than the other drill classifications. According
to past studies, reducing time spent in full-speed tackling and blocking drills like those
within the single player vs player contact drill classification may not reduce overall

HAE exposure.30 Football organizations should instead consider putting more focus on
interventions that reduce the speed of athlete engagement and improve contact technique.
A study conducted by Asken et al examined the implications for reducing HAE exposure

in practice drills.>* The author concluded that recommending drill-specific changes based
on practical considerations such as event-frequency and drill duration could improve

the chance of intervention acceptance from coaches and athletes while simultaneously
reducing HAE exposure. While the kinematics of the HAEs collected from practice drills in
multiple player vs player contact classification were relatively low when compared to HAES
collected from practice drills in single player vs player contact classification, the volume

of HAEs collected was high. Previous studies have documented the effects of cumulative
exposure to concussive and sub concussive events is associated with later-life cognitive and
neurobehavioral consequences.® Athletes should be able to develop the skills necessary to
remain healthy in competitive scenarios while also being mindful of the volume of HAES
they receive during practice. Further studies could be conducted to evaluate the proper
balance between multiple player vs player contact drills and single player vs player contact
drills.

Mean peak resultant kinematics varied significantly among drill types. The open field tackle
drill resulted in the greatest mean linear and rotational acceleration and the highest median
linear and rotational acceleration. This is consistent with the results produced by Kelley et
al.20:35 When compared to 1-on-1 tackle, a similar practice drill where athletes begin less
than three yards apart as opposed to greater than three yards apart, open field tackle resulted
in greater peak resultant linear acceleration, on average. This is likely due to 1-on-1 tackle
allowing athletes to begin the drill with a shorter distance between athletes. Previous studies
documented that larger closing distance has been associated with higher kinematics.>>57

In this study, open field tackle had the second highest total number of HAEs collected (n

= 345) with only team scrimmage surpassing it (n = 1570); however, the rate of HAEs

per player for open field tackle (0.16 events per player per session by session drill time)
was significantly greater than that of team scrimmage (0.09 events per player per session
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by session drill time). The higher kinematics and rate of HAEs measured in open field
tackle is likely due to athletes being allowed to hit and tackle at competition-level speeds
and begin the drill with greater distance between athletes. While team scrimmage may be
run at speeds consistent with that of a game, the players who begin the practice drill on

the line of scrimmage start less than a yard apart and thus are less likely to experience

a HAE equivalent with that experienced in open field tackle. Coaches and policy makers
should be made aware of the possibility of higher magnitude HAEs and higher event rate

in open field tackle and implement techniques that reduce the chances of injury and still
provide the same level of simulation expected in a game.*?2 It is important to understand the
effect of body positioning and tackling technique to further inform decisions. Further studies
could highlight the differences between HAE magnitude and event rate between teams that
implement different tackling approaches and those that opt for a more traditional tackling
technique approach in the same practice drills.

The dummy or sled, 1-on-1 block, and Oklahoma drills resulted in the highest rates of
HAEs (0.18 events per player per minute, 0.18 events per player per minute, and 0.25

events per player per minute) when compared to other practice drills. This is likely due

to the increased number of athletes participating in these drills at a time with upwards of
five athletes competing in dummy or sled, upwards of ten athletes competing in a single
repetition of 1-on-1 block with two athletes being paired together, and four competing in a
single repetition of Oklahoma compared to the usual two in similar tackle technique practice
drills.2% Notably, Oklahoma is conducted similarly to open field tackle and 1-on-1 tackle,
where the drill ends when the ball carrier is tackled to the ground; however, Oklahoma
includes two blockers that are not present in open field tackle or 1-on-1 tackle. The inclusion
of two blockers that begin the drill at a closer distance to each other than in open field

tackle or 1-on-1 tackle could account for the lower average peak kinematics. The individual
practice drill measured one of the lowest event rates (0.11 events per player per minute).
Individual consisted of a variety of position specific drills that did not always use athlete
contact in instruction. This variety in contact duration and implementation likely accounts
for the lower event rates when compared to practice drills conducted for similar amounts of
time.

Peak resultant linear acceleration and rotational acceleration were greater on average for
direct HAEs than indirect HAES, but a greater proportion of HAEs were attributed to
indirect HAEs. This is contrary to the results produced by Tierney et al,*1 who found greater
kinematics in indirect HAEs than direct HAEs at the collegiate level. These differences
could be due to lack of athlete experience at the youth level, as most athletes participating in
youth football have not learned proper tackling techniques and are still likely to lead with the
head instead of the shoulder in a contact scenario. Drill intensity level one and the minimal
or no player contact drill classification have similar kinematic measurements for direct and
indirect HAEs which may be due to the low number of events that were recorded in these
categories. However, direct HAESs recorded higher magnitudes for peak resultant linear and
rotational acceleration than indirect HAEs in drill intensity, drill classification, and drill
type. This is likely due to direct contact with the head of an athlete, applying a direct load to
the head and increasing head movement. Further studies are needed to inform the differences
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between direct and indirect HAESs and the respective effects on risk of concussion in football
and differentially evaluate direct and indirect events to inform efforts to reduce HAEs.

This study had several limitations. First, all data analyzed and reported in this study

were gathered from two youth football teams within a single youth organization. The
practice drills and teaching techniques used in this organization may vary from coaches and
athletes outside of this organization may utilize different practice structures and exhibit
different behaviors. Furthermore, the two youth football teams observed in this study
utilized different practice structures and conducted practice drills for varying amounts of
time during practice session. Previous studies have documented the tendency for older
athletes participating in higher level football to receive higher magnitude HAEs and a
greater total number of HAEs.58:59 Further studies of football athletes participating in
different organizations or at different levels of football (i.e., high school and college) could
help to increase understanding of HAEs in practice. A low sample size of 29 athletes were
instrumented, and each athlete demonstrated variation in HAE which could be attributed to
athlete participation in practice and individual athlete intensity. The video review conducted
to independently review each HAE included several video reviewers that may contribute

to human error in video review. However, we assessed interrater reliability to ensure that
each reviewer was following the protocol established for video review. Additionally, our
signal analysis approach employs manual video review using linear acceleration frequency
spectra and review of rotational acceleration frequency content to exclude HAEs verified
on video from analyses. However, less than 1% of HAES were removed using frequency
analysis. Reducing the frequency and magnitude of HAEs may reduce the risk of concussion
and effects of subconcussive head impacts in football,1:"8 however, the number and/or
magnitude of acceleration that translates to a clinically meaningful reduction in risk is not
well understood. Incorporating drills of lower exposure or identifying methods to reduce
acceleration magnitudes among individual high-risk drills, will aid in reducing concussion
risk as well as the cumulative burden of head impacts over time.

Conclusion

The purpose of this study was to evaluate HAEs in youth football practice drills using a
mouthpiece-based sensor coupled rigidly with the upper dentition. The results of this study
indicate HAES collected at higher intensities resulted in significantly greater kinematics
than lower intensity drills. Single player vs player drills with greater closing distance (open
field tackle and angle tackle) were associated with the highest mean peak resultant linear
acceleration and rotational acceleration. Multi-player vs player drills (team scrimmage,
inside run, and Oklahoma) resulted in the largest total number of HAEs collected in
practices. Notably, Oklahoma resulted in the highest rate of HAEs compared to 1-on-1
style tackling technique drills. Direct HAEs were less common than indirect HAES but
were greater in magnitude. The results of this study add to the growing body of evidence
informing evidence-based strategies to reduce head impact exposure and concussion risk in
youth football practices.
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(C) peak resultant rotational velocity, and (D) proportion of indirect and direct head

acceleration events by drill intensity.
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Table I:

Category descriptions for practice contact characteristics

Drill Intensity

Description

a A W N P

Athlete contacts a soft contact surface (i.e., bag)
Athlete is assigned a slower speed and cannot tackle
Athlete is assigned a slower speed and can tackle in a controlled manner
Athlete is assigned a competition speed and cannot tackle

Athlete can move through the drill as if in a competition

Drill Classification

Description

Minimal or No Player Contact

Single Player vs Player Contact

Multiple Player vs Player Contact

Athlete has minimal or no contact with equipment or another athlete (i.e., Dummy or Sled, Individual,
1-on-1 Pass)

Athlete engages in contact with one other athlete (i.e., Angle Tackle, 1-on-1 Block, 1-on-1 Tackle, 1-on-1
Pass, Open Field Tackle)

Athletes engage in contact with multiple other athletes (i.e., Oklahoma, Team Scrimmage, Inside Run,

Skelly)
Drill Type Description
1-on-1 Block 1-vs-1 blocking where 1 player blocks an opposing player
1-on-1 Pass Players compete to catch a pass
1-on-1 Tackle 1-vs-1 tackling with 2 players starting <3 yds apart and tackle
Angle Tackle 1-vs-1 tackling 2 players starting >3 yds apart at an angle

Dummy or Sled
Individual

Inside Run
Oklahoma

Open Field Tackle
Skelly

Team Scrimmage

Player tackles or blocks a dummy or sled
Players participate in a variety of position-specific drills
Live scrimmage without skill players (i.e., wide receivers, cornerbacks)
2-vs-2 tackling with tackler, blockers, and ball carrier in confined space
1-vs-1 tackling with 2 players starting >3 yds apart and tackle head on
Live scrimmage without linemen

Live scrimmage
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Table Il:

Peak resultant kinematics for all HAEs by drill intensity

Page 20

Drill Intensity Linear Acceleration (g) Rotational Acceleration (rad/s’)  Rotational Velocity (rad/s)

Mean 8.1 666 7.0

(@) Level 1 b,(:,d,e(n 54 95% ClI 6.9-9.4 568-780 6.1-8.0
50 %ile 7.0 492 6.9
95 %ile 20.2 2633 18.2
Mean 9.0 640 73

(5) Lovel 2 acde (n=355) 95% ClI 8.4-9.7 587-697 6.9-7.8
50 %ile 8.4 595 7.5
95t %ile 18.4 1356 13.8
Mean 10.5 783 9.7

(©) Level 3 a,b,e(n _403) 95% ClI 9.8-11.2 719-853 9.1-10.3
50 %ile 9.9 739 9.8
95th osile 30.2 1859 18.8
Mean 10.6 706 8.8

(@ Level 4 85 = 47) 95% ClI 9.0-12.6 595-837 7.8-10.1
50 %ile 10.7 642 8.6
95t %pile 244 1451 17.2
Mean 10.1 732 8.3

(©) Level 5 a,b,c(n _2378) 95% ClI 9.7-10.6 683-783 8.0-8.7
50 %ile 9.5 661 84
95t %pile 265 1787 16.7

*
a-e Intensities that share the same superscript letter have peak kinematics that differ at p < 0.05.
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Table lll:

Peak resultant kinematics for all HAEs by drill classification

Rotational Acceleration Rotational Velocity

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Drill Classification Linear Acceleration (g) (radi®) (rad/s)
Mean 7.4 605 7.0
95% ClI 6.3-8.7 518-706 6.1-8.0
(a) Minimal or no Player b,c(n =53) .
50th %ile 7.0 486 6.7
95th %ile 20.3 2678 18.2
Mean 9.6 690 8.0
95% ClI 9.2-9.97 649-735 7.6-8.4
(b) Multiple Player vs Player ¢ (n = 2082) )
50th %ile 9.2 642 8.2
95th %ile 25.2 1712 16.2
Mean 105 750 8.9
ch 95% ClI 10.0-11.0 702-801 8.4-94
c) Single Player vs Player “# (n = 1102
(€) Single Play yer =7 ) soth wsile 9.8 706 9.0
95th %ile 28.1 1736 17.6

*
a-C Classifications that share the same superscript letter have peak kinematics that differ at p < 0.05.
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Table IV:
Frequency of HAEs and total time spent over the season by drill type
. * No. of Events[% Direct, % Event Rate Event Rate 95% Total Drill Total No. of
Drill Type Indirect] Mean cl Time (min) Events >25g
(@) 1-on-1 Block / 327 [30.0, 70.0] 0.18 0.15-0.22 422 7
(b) 1-on-1 Tackle / 187 [46.0, 54.0] 0.17 0.13-0.21 165 18
() Angle Tackle / 186 [36.6, 63.4] 0.16 0.12-0.20 150 16
(d) Dummy or Sled / 51 [33.3, 66.7] 0.18 0.12-0.26 197 1
(e) Individual 9 83[32.5,67.5] 0.11 0.08-0.15 479 1
(f) Inside Run i 199 [39.2, 60.8] 0.17 0.13-0.23 216 1
(g) Oklahoma /€ 234 [41.5, 58.5] 0.25 0.19-0.30 135 36
(h) Open Field Tackle i 345 [40.9, 59.1] 0.16 0.16-0.23 230 40
(i) Team Scrimmage #G.4.£g./ 1570 [32.5, 67.5] 0.09 0.08-0.10 2022 66

* .
a-1 Drills that share the same superscript letter have mean number of events per player per minute per drill that differ at p < 0.05.
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