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Objectives:  To  evaluate  a behavioral  intervention  to  reduce  head  impact  exposure  in  youth  playing  Amer-
ican football.
Design: Nested  randomized  controlled  trial.
Methods:  Participants,  ages  14–17  years,  wore  head  impact  sensors  (SIM-GTM)  during  two  seasons  of
play.  Those  randomized  to the  intervention  group  underwent  weekly  tackling/blocking  drills  performed
without  helmets  (WoH)  and  shoulder  pads  while  the control  group  trained  as  normal,  matching  frequency
and  duration.  Research  personnel  provided  daily  oversight  to  maintain  fidelity.  Head  impact  frequency
(≥10  g) per athlete  exposure  (ImpAE)  was analyzed  over time  (two  11-week  seasons)  using mixed  effect
models  or  ANCOVA.  Secondary  outcomes  included  exposure-type  (training,  game)  and  participation  level
(entry-level  versus  upper-level  secondary  education).
Results:  One-hundred  fifteen  participants  (59 WoH,  56  control)  met  compliance  criteria,  contributing
47,382  head  impacts  and 10,751  athlete  exposures  for analysis.  WoH  had  fewer  ImpAE  during  games
compared  to  control  participants  at weeks  4 (p = 0.0001  season  1, p = 0.0005  season  2)  and  7 (p =  0.0001
both  seasons).  Upper-level  WoH  participants  had  less  ImpAE  during  games  than  their  matched  controls  at
weeks 4 (p  =  0.017  and  p = 0.026)  and 7  (p  = 0.037 and p =  0.014)  in  both  seasons,  respectively.  Upper-level
WoH also  had  fewer  ImpAE  during  training  at week  7 (p  =  0.015)  in season  one.

Conclusions:  Tackling  and  blocking  drills  performed  without  a  helmet  during  training  reduced  the  fre-
quency  of head  impacts  during  play,  especially  during  games.  However,  these  differences  disappeared
by  the  end  of the  season.  Future  research  should  explore  the  frequency  of  behavioral  intervention  and  a
dose-response  relationship  considering  years  of player  experience.
Trial  registration:  ClinicalTrials.gov  #  NCT02519478.

©  2019 Sports  Medicine  Australia.  Published  by  Elsevier  Ltd.  All  rights  reserved.
Practical implications
American football players may  benefit from helmetless tackling
and blocking training.
Sustained behavior changes require consideration of the dose-
response relationship.

Abbreviations: WoH, without helmets; AE, athlete exposure; ImpAE, impacts
er  athlete exposure.
∗ Corresponding author.

E-mail address: erik swartz@uml.edu (E.E. Swartz).

ttps://doi.org/10.1016/j.jsams.2019.05.018
440-2440/© 2019 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
• Protective headgear may  introduce unintended behaviors.

1. Introduction

Use of the head as the point-of-contact in American football is
persistent, well documented,1,2 and a direct cause of catastrophic
injury.3 Head impacts are directly related to risk of concussion4

and cervical spine injury5 and repeated head impact exposure cre-

ates physiologic changes in the brain that are thought to result in
long term neurocognitive pathologies.6–8 Head-initiated behavior
in American football may  persist due to the false sense of security
inherent to wearing a helmet. Risk homeostasis theory contends

d.

https://doi.org/10.1016/j.jsams.2019.05.018
http://www.sciencedirect.com/science/journal/14402440
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hat an individual’s choice of behavior is influenced by their per-
eption for risk of injury.9 An example occurred when hard-shell
elmets were introduced into American football in the 1950s and

 “spear-tackling” behavior emerged, leading to a spike in catas-
rophic head and neck injuries into the early 1970s.10

Despite the helmet’s inability to prevent concussions or elim-
nate forces transmitted to the brain, the helmet is the most
mportant piece of protective equipment in American football.
ontinued design and material innovations enhance its impact
bsorption capability,11 yet such advancements arguably lower the
earer’s perception of risk even further. By comparison, the sport

f rugby involves high energy collisions and tackling which puts
he head at risk for injury. Recent research utilizing impact sen-
ors in amateur and youth rugby report comparable head impact
requencies as those reported in similar age groups from American
ootball.12 However, rugby players do not display behaviors of ini-
iating contact with the head, at least in part, because it remains
nprotected. In fact, when modified headgear was used in a ran-
omized controlled trial of rugby union players, the additional
ead padding was associated with an increase in injury risk.13 Like-
ise in football, head impacts during non-tackling, “helmets-only”
ractices were reported as being greater compared to games in
econdary school level players.14

There has been a rejuvenated focus on tackling skills-training
n American football in response to growing concerns over head
afety, often modelling the sport of rugby. The National Football
eague (New York, NY) has promoted a rugby-style, shoulder-lead
ackling technique publicly available through the internet, and
necdotally in wide-spread use.15 Similarly, the Heads-up Football
rogram instituted nationally by USA Football, Inc. (Indianapolis,

N) for many years has recently incorporated rugby-style tackling
rills. These measures are endorsed as head-protective and improv-

ng safety during tackling in American football despite little to no
mpirical evidence to support their effectiveness.16

Consequently, practicing helmetless tackling and blocking tech-
iques by American football players, akin to rugby, is theorized
o better emphasize proper head placement and counter the
isk homeostasis phenomenon associated with wearing a helmet.
ndeed, a small prospective study of a helmetless-tackling interven-
ion with collegiate level American football players reduced head
mpact frequency by 28% in one season.17

Given the dearth of high-level evidence to support the effec-
iveness for reducing head impact exposure in American football,
ur purpose was to test the hypothesis that secondary school aged
merican football players who regularly and progressively prac-

ice tackling and blocking skills without a helmet will experience
ewer head impacts compared to controls. Secondarily, we sought
o explore this effect in different exposure types (games versus
raining) and level of experience (entry-level versus upper-level
econdary education).

. Methods

A randomized, controlled trial (clinicaltrials.gov
NCT02519478) was conducted over two football seasons
ith players having at least two years of eligibility on secondary

chool football teams (i.e., 9–11th years of secondary education).
unding sponsors had no role in the study design, analysis and
nterpretation, and right to approve or disapprove publication of
he finished manuscript. Methods were approved by the univer-
ity’s institutional review board. Following agreement by school

dministrators, volunteers were recruited in group settings among
ntry-level and upper-level teams at four regional high schools
rior to the first season. Written participant assent and parent
r guardian consent were acquired. Participants were assigned
dicine in Sport 22 (2019) 1102–1107 1103

by computer-generated randomizer on a 1:1 ratio to a without-
helmet (WoH) intervention or control group. Player position was
not a factor for randomization as athletes at this level often play
both offense and defensive positions. Groups were nested within
teams and maintained for both seasons. All participants received
and wore a new Riddell Revolution SpeedTM helmet (Riddell,
Elyria, OH) for the duration of the study. Helmets underwent
reconditioning between seasons and were properly fitted by the
teams’ trained designee.

The helmetless tackling and blocking intervention (HuTT
®

;
University of New Hampshire, Durham, NH) used in this study con-
sisted of a 3-phase progression (i.e., Static, Dynamic, Functional)
of 10 instructional drills performed without helmets and shoul-
der pads. The HuTT

®
program’s helmetless approach is intended to

develop and reinforce motor behaviors that explicitly remove the
head as a point-of-contact.17 Intervention sessions were approx-
imately 10 min  in duration and consisted of a prescribed set of
two drills. Participants executed techniques against tackling bags
or a padded shield held by teammates, alternating contact from
the right and left directions. The intervention group completed the
drill protocol at a frequency of four sessions per week during the
pre-season and two  sessions per week during the competition sea-
son. Sessions were held at the beginning or end of training and
supervised by trained coaches and research personnel. The control
group participated in football-related training, as normal, during
intervention sessions of matching duration under separate coach-
ing supervision on another part of the training facility.

The intervention was  led by designated coaches for each team.
Coaches were selected based on respective roles among the coach-
ing staff and their responsibility with the cohort of participants
(i.e., entry-level versus upper-level teams). At the outset, coaches
received education on the protocol by attending a one-day work-
shop covering research objectives and intervention principles,
in addition to on-field demonstrations of the 10-drill progres-
sion. A detailed handbook and corresponding video media (DVD)
of the protocol were used as reference material. Before season
two, the intervention workshop and on-field demonstrations were
repeated, and coaches were given access to a mobile-based web
application with protocol videos (Retrieve Technologies, Manch-
ester, NH). The mobile app replaced the DVD to enhance on-field
accessibility via smart phone. To ensure intervention compliance
and content competency, coaches were instructed to review the
handbook and DVD or mobile app with on-site research personnel
immediately prior to an intervention session and at least twice for
each drill. On-going observational evaluations and critical feedback
were performed by the same research personnel, while principle
investigators and a coaching consultant visited team sites on a
rotating basis.

Individually worn Smart Impact Monitors (SIM-GTM, Triax Tech-
nologies, Inc., Norwalk, CT) were used to record head impact
biomechanics of intervention and control group participants during
each training and game. The SIM-G consists of a low-g and high-g
tri-axial accelerometer to measure head impact acceleration (g’s),
in addition to a tri-axial gyroscope to record directional coordi-
nates (azimuth, elevation) of the impact’s location relative to the
head’s estimated center of mass. Impacts resulting in peak linear
accelerations greater than 10 g were transmitted from the SIM-G
to a sideline receiver (Sky-ITM) via radio frequency (900 MHz) and
stored on a proprietary cloud-based server. As per the manufac-
turer’s instructions, the SIM-G was worn in a fitted head band or
skull-cap under the helmet, centering the sensor on the back of the
head along the nuchal line. Validity and reliability for the SIM-G to

accurately record head impacts has been reported elsewhere.18,19

Data capture was  monitored in real-time by on-site research per-
sonnel. Raw data were exported weekly from cloud storage.

http://clinicaltrials.gov
http://clinicaltrials.gov
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Participant compliance was monitored daily by on-site research
ersonnel and athlete exposures (AE), defined as entry into any
raining or game regardless of duration, were recorded. Compliance
or both intervention and control groups was defined as an average
ttendance rate ≥60% for all potential AE’s over the two seasons.
articipants were required to obtain an attendance rate of ≥60% in
ach season of the intervention.

Prior to statistical analysis, raw data were first filtered by pro-
rietary algorithm for removal of accelerations not associated with

 true head impact (i.e., false impacts defined as NITs, Triax Tech-
ologies, Inc.), then cross referenced to AE attendance records. Data
ere then filtered by timestamp (h:min:s) for AE start and stop

imes, intervention sessions when helmets were not worn, and data
aving two or more identical timestamps likely associated with
unning and jumping.20 Remaining impacts associated with each
xposure were examined for outliers (i.e., spurious accelerations21)
ithin team cohorts by calculating the upper bound (1.5 × IQR) for

ach AE and, when exceeded, replacing it with the participant’s
ean impact frequency22 per AE (16 AE’s from 14 participants were

ddressed using this approach).
A power analysis using G*Power (version 3.1.3, Universitat Kiel,

ermany) was conducted to analyze data on the weekly average
asis with one (1) week of pre-intervention baseline measurement
nd 10 follow-up measurements (10 weeks). Assuming a signifi-
ance level of 0.05, 80% of power, and correlation of 0.7 among the
aseline and follow-up measurements, a sample size of 50 play-
rs per arm was estimated to detect an effect size of 0.48 at any
ost follow-up time point for a continuously measured outcome
ariable using mixed effect modeling.

Statistical analysis of data was performed using STATA
®

ver-
ion 13 (StataCorp LP, College Station, TX). Independent variables
ere defined as group (WoH, control), time (weeks 1–11 and sea-

ons 1–2) and playing level at the time of enrollment (entry-level,
th year versus upper-level, 10–11th year). Frequency of impacts
er athlete exposure (ImpAE) was used to test differences among
roups and playing levels across time using multilevel effect mixed
odels (p < 0.05). The quadratic form for time was used to rep-

esent the non-linear nature of the trajectory over time in these
odels. The predicted values at mean level of all covariates at each

ime point were obtained and compared between WoH  and control
roups using contrast formations. In the mixed effect models, these
ests were performed through chi-square test using the log likeli-
ood difference between full model (non-constraints due to the
ifference of control and intervention) and reduced model (con-
traints due to the equality of control and intervention). In the
vent the mixed model could not attain convergence, analysis of
ovariance (ANCOVA) with repeated measure was used.

. Results

A total of 180 male participants (14–17 years of age) were
nitially enrolled and nested within teams to WoH  (n = 89;
eight = 175.7 ± 8.0 cm,  mass = 76.1 ± 18.3 kg) and control (n = 91;
75.7 ± 8.7 cm,  74.8 ± 18.5 kg) groups. Distribution of player level
as greatest among the 9th year of education (n = 69), followed

y the 10th year (n = 66) and the 11th year (n = 45), respectively.
ne hundred-fifteen participants (n = 115; 59 WoH, 56 control) suc-
essfully matriculated and met  research compliance criteria after
wo seasons (Fig. 1, CONSORT flow diagram). The greatest attrition
ccurred between seasons from participants leaving the team.
A total of 47,382 head impacts were used in the final analysis.
oH  participants recorded 21,945 total head impacts (12,549 in

eason 1 and 9396 in season 2) along with 5458 total athlete expo-
ures (2738 and 2720, respectively). Control participants recorded
dicine in Sport 22 (2019) 1102–1107

25,437 total impacts (14,583 and 10,854) and 5293 total athlete
exposures (2646 and 2647, respectively).

Predicted group means (±SE) with effect sizes for head impact
frequency per athlete exposure at weeks 1, 4, 7, and 11 each season
are found in Table 1. WoH  participants had fewer ImpAE dur-
ing games compared to control at weeks 4 (p = 0.0001 season 1,
p = 0.0005 season 2) and 7 (p = 0.0001 both seasons). The upper-
level WoH  participants had less ImpAE during games than controls
at weeks 4 (p = 0.017 and p = 0.026) and 7 (p = 0.037 and p = 0.014) in
both seasons, respectively. Upper-level WoH  participants also had
fewer ImpAE at week 7 during training (p = 0.015) versus control in
season 1.

4. Discussion

To our knowledge, this is the first randomized controlled trial to
study a behavioral program for reducing head impact exposure in
adolescents participating in American football. Our most important
finding was  that players participating in the helmetless tackling
and blocking intervention experienced 26–33% fewer game related
ImpAE at two  identical time points across both seasons compared
to the control. Intervention participants initially enrolled in their
10th and 11th year of education (upper-level) during for the first
season had decreased head impact frequency per AE during begin-
ning and mid-season games by 28–33% in two consecutive years,
and fewer training-specific impacts at a single time point in season
1. Taken together, these results support a benefit for reducing head
impact exposure following a systematic progression of tackling and
blocking training without a helmet.

Reports of effectiveness from strategies employed for head
impact reduction in football players 14–18 years of age is limited.
For example, one study compared head impacts sustained across
two seasons during which a rule change for limiting full contact
in training was implemented. Authors reported that players sus-
tained 15,398 head impacts (average of 592/player) in a season
before the rule went into effect, and 8269 head impacts (average
of 345/player) after.23 This comparison was not randomized, how-
ever, and only a small subset of participants were consistent across
the two seasons. Similarly, non-randomized research on USA  Foot-
ball’s Heads-Up training program, combined with training-contact
restrictions, reported less impacts during training but not dur-
ing games.16 Frequency of impacts24 and risk for concussion25 are
highest during games for high school football, thus it was  encour-
aging to detect a reduction in head impacts during games in our
study. In fact, large effect sizes were closely associated with game
exposure-types in both years when all participants were analyzed,
and this pattern held when analyzing upper-level players. Of note,
no rules or policies for contact restrictions for football were put into
place during the two years this investigation was conducted.

It is interesting to note the limited effect of the intervention
during training exposures. This may  be the result of a significant
proportion of training not involving full-contact play, whether by
rule or coaching preference, and thus mitigating the number of
impacts and opportunity for the intervention to be employed. Team
play during training was often ‘scripted’ and did not involve live
tackling to allow players an opportunity for rehearsing game strat-
egy without the associated frequency of head impacts. It is also
possible that intervention participants, having gleaned benefit from
the training, may  indirectly benefit their control-group teammates
by having avoided head-first contact against them. This is plausi-
ble given overall impacts per exposure for both groups decreased

during training towards the end of the season.

Learning a new skill is dependent on repetition26,27 and the nec-
essary number of repetitions for a helmetless tackling intervention
to have an effect is not fully understood. Prior research has reported
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Fig. 1. CONSORT flow diagram: research participants were enrolled at the outset from two  entry-level and three upper-level, secondary school teams. Starting the second
s lation
B  two, 
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eason,  the entry-level participants advanced to the upper-level. Participant matricu
y  the end of season one, 13 participants were lost to follow-up, and beginning year
ll  research criteria. The final analysis excluded participants who did not have a 60%

ollegiate-aged athletes to respond positively with a once-weekly
ose.17 Data from this study show that upper-level participants
esponded to the intervention with a twice-weekly intervention, or

 dose-ratio of two interventions per five exposures per week. The
emporary nature of positive changes throughout the season and
he uncertain effect in our entry-level participants raises a question
bout the relationship between training dosage and a participant’s
ge and experience level. Entry-level football players (9th year) are
enerally transitioning between secondary and senior secondary
chool sports and often find themselves on developmental teams
ith coaches having less experience.28 Also, their degree of physical

nd cognitive maturation is more variable, translating into different
tages of motor coordination and agility development. Therefore,
t is possible that less-experienced, adolescent and youth players
equire a higher frequency of technique training delivered from
ore-experienced coaches to adopt the appropriate skills. Never

he less, two interventions/week in our study resulted in approxi-
ately 1–3 fewer impacts per practice and game, respectively. Over

he course of an 11-week season, this can be estimated to result in
 range of 55–73 fewer head impacts sustained.

The authors recognize several limitations of the study. Despite
dvances in head impact sensor technology and laboratory meth-
ds for measuring sports related head accelerations, there is a lack

f in vivo evidence associated with the reliability and validity of
ow-cost, wearable instruments. Laboratory studies have shown
he SIM-G to lack equivalence to a reference29 for peak linear
nd rotational acceleration and velocity, yet it was  found to be
 was monitored at two time points between the initial enrollment and end of study.
46 were lost to follow-up. The study ended with a total of 115 participants meeting
dance rate for the intervention.

more accurate at recording peak translational acceleration than
helmet-based sensors.30 More important to this study, the SIM-
G had the highest detection rate of head impacts (95.8%, 207/216)
compared across common devices in one study31 with an overall
detection rate of 80% (24/30) in another,18 despite missed detec-
tions of to the front boss and side center positions. Secondly, while
there is grounding in risk-homeostasis theory9 for the observed
outcome, the perception of risk in participants who  underwent
the intervention of practicing without helmets was not measured.
Prior research has associated a low level of perceived risk with an
increase in risk injury32, and the helmeted athlete’s perceived risk
is influenced by the sense of security from wearing a helmet.33

Third, our compliance criteria for participants to be present for
at least 60% of training and games may  not be representative of
the population. Some children participating in football may  not be
present every day an intervention is held, and thus, may  not receive
a benefit. Finally, the clinical threshold for avoiding neurodegener-
ative deficits from a reduction in head impact exposure is not well
understood. However, a growing body of research is elucidating
the physiological response in the brain due to head impact expo-
sure (frequency and force) and location.7,8 For example, Slobounov
et al.7 reported increases in default-mode network connectivity
over the course of the season as associated with athletes who  expe-

rienced a broader distribution of training related impacts ≥80 g.
Thus, not only is reducing frequency of impacts important, but also
the magnitude of such impacts over the course of a season.
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Table  1
Head impact frequency per athlete exposure (±SE) for all exposure-types, training only, and games only.

Season Week All exposure-types Training only Game only

Control WoH  ES Control WoH  ES Control WoH  ES

All
par-
tic-
i-
pants

1

1 5.3 (0.97) 4.7 (0.97) 0.43 5.0 (0.90) 4.9 (0.90) 0.08 7.5 (0.95) 5.2 (0.92) 1.79
4  5.7 (0.96) 4.9 (0.96) 0.58 4.5 (0.87) 4.4 (0.87) 0.08 8.8 (0.48) 5.9 (0.48)a 4.18
7  5.9 (1.01) 5.0 (1.01) 0.63 4.2 (0.90) 3.9 (0.90) 0.24 9.5 (0.51) 6.5 (0.51)a 4.20
11  5.8 (1.14) 4.7 (1.13) 0.7 4.1 (1.02) 3.5 (1.01) 0.42 9.4 (0.90) 7.1 (0.86) 1.85

2

1  3.4 (1.22) 2.7 (1.22) 0.41 3.0 (1.13) 2.4 (1.13) 0.38 4.8 (0.88) 3.7 (0.86) 0.88
4  4.0 (1.21) 3.4 (1.21) 0.35 2.5 (1.10) 2.4 (1.10) 0.06 8.9 (0.48) 6.6 (0.48)a 3.32
7  4.5 (1.25) 3.7 (1.25) 0.44 2.5 (1.13) 2.3 (1.13) 0.13 10.0 (0.52) 7.3 (0.51)a 3.78
11  5.0 (1.36) 3.5 (1.35) 0.77 3.4 (1.22) 2.3 (1.22) 0.64 6.6 (0.91) 4.7 (0.87) 1.52

Upper-
level
only

1

1  4.9 (0.68) 4.5 (0.65) 0.42 4.6 (0.62) 4.7 (0.58) 0.12 7.2 (1.27) 4.9 (1.19) 1.31
4  6.0 (0.64) 4.6 (0.62) 1.62 4.8 (0.48) 3.9 (0.46) 1.32 9.5 (1.09) 6.3 (1.03) 2.12
7  6.2 (0.76) 4.6 (0.74) 1.47 4.5 (0.50) 3.3 (0.48) 1.73 10.1(1.17) 7.2 (1.10) 1.78
11  5.2 (1.04) 4.5 (1.00) 0.49 3.3 (0.69) 2.9 (0.65) 0.42 8.4 (1.50) 7.8 (1.38) 0.29

2

1  4.0 (0.85) 3.2 (0.83) 0.69 3.6 (0.67) 3.0 (0.64) 0.63 5.1 (1.34) 3.9 (1.28) 0.66
4  4.8 (0.83) 3.8 (0.81) 0.88 3.0 (0.54) 2.9 (0.52) 0.14 10.4 (1.18) 7.2 (1.13) 1.94
7  5.1 (0.92) 3.9 (0.91) 0.94 2.9 (0.56) 2.6 (0.55) 0.37 11.5 (1.26) 7.6 (1.20) 2.2
11  4.7 (1.15) 3.2 (1.14) 0.95 3.3 (0.72) 2.2 (0.72) 1.1 6.3 (1.53) 3.8 (1.47) 1.19

Entry-
level
only

1

1  6.0 (2.21) 5.4 (2.21) 0.19 5.9 (1.70) 5.6 (1.70) 0.12 7.4 (2.62) 4.3 (2.66) 0.83
4  5.3 (2.19) 5.7 (2.19) 0.13 4.4 (1.65) 5.5 (1.66) 0.48 7.8 (2.47) 5.7 (2.48) 0.6
7  5.5 (2.20) 5.7 (2.21) 0.06 4.0 (1.66) 5.1 (1.67) 0.46 8.5 (2.51) 6.5 (2.53) 0.56
11  6.8 (2.26) 5.2 (2.27) 0.5 5.4 (1.72) 4.3 (1.73) 0.45 9.9 (2.65) 6.7 (2.69) 0.86

2

1  2.7 (2.61) 2.0 (2.62) 0.19 2.4 (2.01) 1.9 (2.02) 0.18 4.0 (2.70) 2.6 (2.72) 0.37
4  3.0 (2.59) 2.9 (2.60) 0.03 1.8 (1.97) 1.9 (1.98) 0.04 5.8 (2.62) 5.3 (2.63) 0.14
7  3.8 (2.61) 3.6 (2.61) 0.05 2.1 (1.98) 2.1 (1.99) 0.0 6.9 (2.66) 6.5 (2.67) 0.11
11  5.8 (2.66) 4.3 (2.66) 0.4 3.9 (2.05) 2.7 (2.04) 0.42 7.5 (2.84) 5.7 (2.82) 0.45

Data reflect an aggregate predicted mean using mixed effect model (STATA® ).
Bold-type denotes significant difference compared to control (p < 0.05).
Italics denotes effect size (ES; Cohen’s d) >0.8 indicating large effect.
WoH  = without helmet group.
All participants = analysis of all levels; season 1 n = 113 (WoH = 57, Control = 56) and season 2 n = 112 (WoH = 56, Control = 56).
Upper-level only = analysis of participants in 10th and 11th grades in season 1 (WoH = 37, Control = 34), advancing to 11th and 12th grades in season 2 (WoH = 36, Control = 34).
Entry-level only = analysis participants in 9th grade in season 1 (WoH = 20, Control = 22), advancing to 10th grade in season 2 (WoH n = 20, Control n = 22).
Week  1 = 1st week; occurring in pre-season and practices only schedule.
Week 4 = 4th week; occurring in first 1/3 of game schedule.
W
W

e.
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o
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eek 7 = 7th week, occurring in middle 1/3 of game schedule.
eek 11 = 11th week, occurring in last 1/3 of game schedule.
a Indicate results derived from ANCOVA when mixed-model data did not converg

In conclusion, this study provides evidence that tackling and
locking drills performed without a helmet reduces the frequency
f head impacts among high school participants playing Ameri-
an football. The nature of significant findings and lack of evidence
t the entry-level serves as an indicator that any tackling training
urported to reduce head-first contact behavior should be verified
hrough rigorous research and monitoring. Otherwise, coaches and
layers may  be implementing techniques that fail to elicit a bene-
t. Future research is necessary on a broader scale to strengthen
he findings herein and to better understand the dose-response
elationship for helmetless training across all age and experience
evels. While a significant reduction in head impact exposure is
esirable, research should aim to establish the magnitude of the
hange necessary to achieve clinical relevance.
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