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Positive Developments
and Highlights

The season has progressed relatively smoothly.
Plenty of inquiries on equipment and memorial patches, as well
as playoff possibilities.
One team has withdrawn from postseason competition (Ohio
County) for the 2025 and 2026 seasons.

Issues of Concern
(legal, playing Rules,
fiscal management,

etc.)

The biggest issues and inquiries this season thus far surround 
helmet add-ons such as the Guardian Cap. Per the playing rules, 
the caps are not illegal and are not subject to the jurisdiction of 
the officials in terms of their legality to be worn. Should they 
come loose, the officials are to send the player to the sideline for 
at least one play until they can be secured. The rules was 
reiterated to all coaches and officials during the 2024-25 football 
rules clinic produced by the association, as well as other local 
school recommendations detailed in this summary..
Research around the efficacy of these helmet add-ons is 
ongoing. The most recent student from the University of 
Delaware (Breedlove et al. attached) reached a conclusion - 
"Conclusions: The Guardian Cap failed to significantly improve 
the helmets’ ability to mitigate impact forces at most locations. 
Limited evidence indicates how a reduction in GSI
would provide clinically relevant benefits beyond reducing the 
risk of skull fracture or a similar catastrophic event." The 
Association has not taken a stance on this research but issues it 
as part of the information available. An additional student is also 
attached to this meeting material. Obviously, these studies differ 
from the manufacturer's claims.
The KMA/KHSAA Sports Medicine Committee has not yet taken 
a stance on the use of helmet add-ons that would blanket 
endorse them, nor have they taken a stance in opposition.
The Sports Medicine Committee members' discussion points 
have echoed those of many around the sport in:

(1) The use by the NFL is driven not by rules or regulations but 
is closely monitored within the Players Association agreement. 
As such, direct correlations are likely not wise.
(2) There are various grades and price points in this type of 
equipment, with likely varying degrees of possible mitigation as 
desired, and as more research is done, more will be known.
(3) There is great concern about the "gladiator" mentality. Will 
students wearing such protection be less likely to follow coach-
taught tactics that would discourage the use of helmet add-ons



likely voids the warranty of the helmet and therefore, the legal 
protections that would include the helmet company in the event 
of a serious accident or injury.

For these reasons, schools are strongly recommended to seek 
written consideration from the helmet manufacturer that would 
ensure the helmet warranty is not voided before allowing the use 
in competition. This places schools and school boards in a very 
precarious position in dealing with parents, etc., but without 
doubt, consultation with both local school and board insurance 
procurement officials, as well as board counsel, should be 
sought prior to their being worn in competition..

Championship
Update/Review

Championship plans are on schedule for Kroger Field, including
the use of many recent enhancements at the facility.
The Association continues to manage the standings in football,
and schools have been extremely helpful and compliant in
keeping those up to dates.
The staff is confident that even without prior automation
advantages of its old data system, the member schools will see
no issues with the postseason.

Officials
Update/Review Numbers are stable, even slightly up from last season.
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The Ability of an Aftermarket Helmet Add-On Device to
Reduce Impact-Force Accelerations During Drop Tests
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Context: The Guardian Cap provides a soft covering
intended to mitigate energy transfer to the head during football
contact. Yet how well it attenuates impacts remains unknown.

Objective: To evaluate the changes in the Gadd Severity
Index (GSI) and linear acceleration during drop tests on
helmeted headforms with or without Guardian Caps.

Design: Crossover study.
Setting: Laboratory.
Patients or Other Participants: Nine new football helmets

sent directly from the manufacturer.
Intervention(s): We dropped the helmets at 3 velocities on

6 helmet locations (front, side, right front boss, top, rear right
boss, and rear) as prescribed by the National Operating
Committee on Standards for Athletic Equipment. Helmets were
tested with facemasks in place but no Guardian Cap and then
retested with the facemasks in place and the Guardian Cap
affixed.

Main Outcome Measure(s): The GSI scores and linear
accelerations measured in g forces.

Results: For the GSI, we found a significant interaction
among drop location, Guardian Cap presence, and helmet brand
at the high velocity (F10,50 ¼ 3.01, P ¼ .005) but not at the low
(F3.23,16.15 ¼ 0.84, P ¼ .50) or medium (F10,50 ¼ 1.29, P ¼ .26)
velocities. Similarly for linear accelerations, we found a
significant interaction among drop location, Guardian Cap
presence, and helmet brand at the high velocity (F10,50 ¼ 3.01,
P¼ .002, x2¼ 0.05) but not at the low (F10,50¼ 0.49, P¼ .89, x2

, 0.01, 1–b¼ 0.16) or medium (F5.20,26.01¼ 2.43, P¼ .06, x2 ,

0.01, 1–b ¼ 0.68) velocities.

Conclusions: The Guardian Cap failed to significantly
improve the helmets’ ability to mitigate impact forces at most
locations. Limited evidence indicates how a reduction in GSI
would provide clinically relevant benefits beyond reducing the
risk of skull fracture or a similar catastrophic event.

Key Words: Guardian Cap, peak acceleration, Gadd Se-
verity Index, traumatic brain injuries

Key Points

� For both Gadd Severity Index and peak linear acceleration, the Guardian Cap did not alter impact severity on a
helmet drop-testing battery.

� Additional padding applied to the helmet may not always reduce the severity of the impact on a drop test.

T
he acute and long-term outcomes of traumatic
brain injury have become an increasingly impor-

tant concern for both military personnel and
civilians. Youths who participate in contact sports

constitute one of the largest at-risk populations because
of the large number of participants, the increased risk of

head impacts, and the fact that their brains are still
developing.1,2 The highest concussion incidence rate in

high school athletes was 0.47 per 1000 exposures among
football players.3 In addition, recent work has demon-

strated that between 70% and 95% of high school football
athletes exhibited substantial neurophysiological changes

without easily identifiable symptoms.4–10 These changes
depend primarily on the number and rate of head impacts

as well as their magnitude and location. The effects persist
well into the offseason and may not resolve by the

beginning of the subsequent season.11 Whether the accrual
of such changes increases the likelihood of concussion or

other forms of long-term damage is unknown, but it is

clear that decreasing the number and magnitude of head
impacts are important goals.

Due to current concern over the long-term consequences
of head impacts, technologies have been developed with the
aim of reducing their magnitude. One such technology is
the Guardian Cap (Guardian, Peachtree Corners, GA),
which is a soft covering that can be worn over a helmet and
is intended to mitigate blows to the head, reducing head
accelerations caused by impacts. However, the degree to
which the Guardian Cap reduces impact severity has not
been measured. Such evidence is valuable to clinicians,
coaches, and equipment staff attempting to evaluate safety
equipment options. To evaluate their effectiveness, we
tested a set of Guardian Caps using a method based on the
standard provided by the National Operating Committee on
Standards for Athletic Equipment (NOCSAE). We hypoth-
esized that the Guardian Caps would reduce Gadd Severity
Index (GSI) scores and peak accelerations, the former being
a common head injury criterion.

802 Volume 52 � Number 9 � September 2017



METHODS

The NOCSAE maintains a standard for helmet certifica-
tion, and for this study, we adhered as closely as possible to
this standard. The test rig has been described previously.12

Briefly, it consists of a molded polyurethane impact
surface, anvil, adjustable headform (size medium: circum-
ference ¼ 7¼ in [18.415 cm]), drop carriage, lifting cable,
hoist motor, and guide wires (Figure 1). A triaxial
accelerometer (PCB Piezotronics, Inc, Depew, NY) was
placed in the headform at the point of the center of gravity
to measure the acceleration of the head. Impact velocity
was measured using a time/velocity gate (Cadex Electron-
ics Inc, Richmond, BC, Canada). The acceleration and
velocity data were then acquired by a National Instruments
Corp (Austin, TX) data-acquisition board sampling at 10
kHz and controlled by a LabVIEW (National Instruments
Corp) program. An additional MATLAB (The MathWorks,
Inc, Natick, MA) program performed basic data analysis,

such as computing the GSI and verifying that the drop was
compliant with test requirements, and provided a user
interface for data collection.

Calibration of the accelerometer was conducted using a
certified accelerometer calibration device (PCB Piezo-
tronics, Inc). This procedure ensured that true accelerations
and GSI were determined for the impacts. However, this
contrasts with the NOCSAE calibration procedure, in which
accelerometer sensitivities are adjusted so that the head-
form generates a specified GSI. The NOCSAE procedure
creates consistency among laboratories, but it also biases
test-rig–dependent differences in actual impact accelera-
tions. Because our objective was to understand actual
differences in impact severity between helmets with and
without the Guardian Cap, use of the certified calibration
device was appropriate.

When evaluating protective headgear,13–15 the NOCSAE
standards state that, for each helmet to meet the certification
requirement, it must be dropped (without the facemask
affixed) at 6 drop locations (front, side, right front boss,
right rear boss, rear, and top) and 1 random location (Figure
2). However, the Guardian Caps were designed to attach to
the facemask, so we attached the facemask to the helmet for
the purposes of this study. Testing was conducted at
ambient temperatures (defined as 728F 6 58F), per the
standard; high-temperature tests were not attempted.
Another deviation from the standard was the elimination
of the random drop-test location. We dropped the helmets
at impact velocities of 3.46 m/s (low), 4.89 m/s (medium),
and 5.47 m/s (high) at each impact location.13–16

In this crossover study, each of the 3 helmets was tested
with and without the Guardian Caps at each of the 6 drop
locations. We based our sample size on power analyses
using 2 previously published studies17,18 with similar data,
which indicated that 3 helmets per group would be sensitive
to differences in impact attenuation (a ¼ .05 and 1–b ¼
0.80). The experimental design for the Riddell Speed
helmets (Riddell Sports, Elyria, OH) is seen in Figure 3.
This same protocol was implemented for the Xenith X2E
helmets and the Xenith Epic helmets (Xenith, Detroit, MI).

Data-Collection Procedures

Before starting the drops for a given helmet or location,
we conducted a system check to ensure that the test rig had
not loosened or drifted from a stable configuration.
Consistent with NOCSAE requirements, this check ensured

Figure 1. The impact rig consists of (1) a National Operating
Committee on Standards for Athletic Equipment–certified head-
form with (2) the test helmet fitted and secured according to
standard protocols. The headform and helmet are attached to (3)
the drop carriage, which is a rigid frame that slides smoothly over
(7) two 1/8-in (0.3175-cm) piano wires. The headform-helmet system
strikes a (4) 1/2-in (1.27-cm) Modular Elastomer Programmer test
pad (Cadex Electronics Inc, Richmond, BC, Canada) secured to (5)
an anvil and (6) an anvil base plate for stability. (8) A motor moves
the drop carriage up to the correct height so that it can achieve the
preset impact velocity after the drop.

Figure 2. Front and rear views of typical helmets adapted from US
Patents 20120297525 and 20130180034. Each helmet was tested in
6 locations: (1) front, (2) front boss, (3) side, (4) rear boss, (5) rear,
and (6) top, as indicated.
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that peak acceleration and the GSI had not changed by
more than 7% for a standard drop. After the system check, a
helmet was fit to the headform according to the manufac-
turer’s specifications. We purchased 3 new Riddell Speed
football helmets, 3 new Xenith X2E football helmets, and 3
new Xenith Epic football helmets for the present study, and
the manufacturer provided 9 new Guardian Caps. All
helmets were size large. The third Xenith X2E helmet was
rendered unsuitable during the testing process, and thus,
these data are not included in this dataset. All helmets
tested were fitted to the medium NOCSAE headform (7¼-
in [18.415-cm] circumference). The helmet was oriented 1
in [2.54 cm] from the top of the eyebrows, and the 4-point
chin strap was applied for improved fit. Helmet fit was
achieved when the helmet did not rotate, shift, or slide on
the headform and no gap was present between the front
helmet liner and the forehead. The time between drops was
75 6 15 seconds.

Statistical Analysis

We used SPSS Statistics (version 21; IBM Corp,
Armonk, NY) to run a repeated-measures analysis of
variance to determine the effect of Guardian Cap and
helmet brand on GSI scores at each of the 3 prescribed
velocities. We used drop location as the repeated variable
and set the a level to .05 a priori. We used the Greenhouse-
Geisser correction when the Mauchly test of sphericity was
significant, indicating that the data were heteroskedastic for
different impact locations. In addition, we examined the
effect of the Guardian Cap on peak acceleration at all 3
velocities using the same statistical approach.

RESULTS

Gadd Severity Index Scores

All 18 trials passed the NOCSAE GSI threshold at all 3
velocities for each of the 6 drop locations, regardless of
whether a Guardian Cap was applied or not (Figure 4). We
found a significant interaction among drop location,
Guardian Cap presence, and helmet brand at the high
velocity (F10,50¼ 3.01, P¼ .005, x2¼ 0.03) but not at the
low (F3.23,16.15 ¼ 0.84, P ¼ .50, x2 ¼ 0.01, 1–b ¼ 0.20) or

medium (F10,50 ¼ 1.29, P ¼ .26, x2 , 0.001, 1–b ¼ 0.40)
velocities. When analyzing the 3-way interaction at the
high velocity, we uncovered a significant 2-way interaction
for helmet make and location (F10,50¼ 28.99, P , .001, x2

¼ 0.32). However, the 2-way interactions for location and
Guardian Cap presence (F1,50 ¼ 2.31, P ¼ .16, x2 , 0.01,
1–b ¼ 0.28) and helmet brand and Guardian Cap presence
(F2,10 ¼ 0.39, P ¼ .69, x2 , 0.01, 1–b ¼ 0.10) were not
significant. Because the 2-way interaction between helmet
brand and Guardian Cap presence was not significant,
further pairwise tests were not conducted.

Peak Accelerations

Similar results were obtained for the peak accelerations
(Figure 5). We found a significant interaction among drop
location, Guardian Cap presence, and helmet brand at the
high velocity (F10,50¼ 3.01, P¼ .002, x2¼ 0.05) but not at
the low (F10,50¼ 0.49, P¼ .89, x2 , 0.01, 1–b¼ 0.16) or
medium (F5.20,26.01¼ 2.43, P¼ .06, x2 , 0.01, 1–b¼ 0.68)
velocities. When analyzing the 3-way interaction at the
high velocity, we uncovered significant 2-way interactions
for helmet make and location (F10,50¼ 22.63, P , .001, x2

¼ 0.25) and location and Guardian Cap presence (F5,50 ¼
2.52, P¼ .04, x2¼ 0.009). Given our investigative aim, we
further assessed the 2-way interaction for Guardian Cap and
location. The presence of the Guardian Cap decreased peak
acceleration at both the right rear boss (99.98 6 19.66, P¼
.32) and rear (111.28 6 11.72, P ¼ .10) locations, when
compared with no Cap (right rear boss: 112.55 6 19.66,
rear: 123.35 6 13.53). No differences occurred at any other
locations for the presence of the Guardian Cap. However,
the 2-way interaction for helmet brand and Guardian Cap
presence was not significant (F2,10 ¼ 1.23, P ¼ .33, x2 ,
0.001, 1–b¼ 0.21). Because the 2-way interaction between
helmet brand and Guardian Cap presence was not
significant, further pairwise tests by helmet brand were
not conducted.

DISCUSSION

The goal of our study was to determine the effect of an
aftermarket device designed to reduce impact magnitude by
means of a testing protocol similar to that used by the
NOCSAE to certify helmets. At various combinations of

Figure 3. In this crossover study, each helmet underwent testing with and without the Guardian Cap at each of the 6 drop locations. The
experimental design for the Riddell Speed helmet is shown.
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Figure 4. Gadd Severity Index scores (mean 6 SD) measured for helmets with or without Guardian Caps at high velocity (5.47 m/s). A,
Riddell Speed (Riddell Sports, Elyria, OH). B, Xenith X2E (Xenith, Detroit, MI). C, Xenith Epic.
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Figure 5. Peak linear acceleration (mean 6 SD) measured for helmets with and without Guardian Caps at high velocity (5.47 m/s). A,
Riddell Speed (Riddell Sports, Elyria, OH). B, Xenith X2E (Xenith, Detroit, MI). C, Xenith Epic.

806 Volume 52 � Number 9 � September 2017



drop location and impact speed, peak acceleration de-
creased at the rear boss and rear positions. However, these
positions are the least common sites for head impacts
during football participation. No differences were present
for GSI based on Guardian Cap condition.

From a mechanical standpoint, it is reasonable to
hypothesize that the Guardian Cap padding is sufficiently
thin and compliant that it ‘‘bottoms out’’ (ie, the foam is
compacted) during impact and does not meaningfully
change the overall compliance of the helmet system.19

Because the padding is on the outside of the helmet, it also
does not benefit from the force-spreading effect of the hard
helmet shell.20–22 Indeed, with the waffle pattern, only a
handful of padding pods are involved in any given impact,
further limiting the opportunity for energy dissipation by
the additional padding of the Cap.

The modified NOCSAE protocol represents 1 type of
analysis that should be used to determine the efficacy of an
aftermarket device such as the Guardian Cap in reducing
head-impact severity. It should be noted, however, that the
NOCSAE standard was developed in an effort to eliminate
skull fractures and not the kind of neurophysiological
change that has been shown to occur from concussive and
subconcussive blows.23 Consequently, it is not currently
possible to determine if any reduction in the GSI is related
to a reduction in either the concussion risk or the risk of
long-term neuropsychological deficits. However, at this
point, we are unaware of any studies supporting the use of
third-party aftermarket helmet add-ons to reduce head
injury.

For the purposes of this study, we followed the
NOCSAE testing protocol as closely as possible. Although
we tested only 9 Guardian Caps on 9 helmets, the
statistical soundness of these findings is reinforced by
the very small effect sizes. Based on the P values and the
effect sizes,24,25 we are confident that the Guardian Caps
did not decrease GSI scores or peak accelerations and the
differences noted are likely due to chance. We suggest
studying the effect of third-party aftermarket helmet add-
ons using a wider variety of helmets. It would also be
interesting to see how the performance of aftermarket
helmet add-ons changes after the helmet receives repet-
itive impacts.

CONCLUSIONS

Commonly used football helmets were drop tested with
and without the Guardian Cap aftermarket device. Neither
the GSI nor the peak acceleration was statistically altered
by the presence of the device in all but 2 situations.
Although neither metric strictly predicts concussive risk,
we could not conclude that the Guardian Cap provided
measureable impact mitigation.
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Concussion

Preliminary Examination of Guardian Cap Head Impact
Kinematics Using Instrumented Mouthguards
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Philip Pavilionis, MS, ATC*; Vincentia Owusu-Amankonah*;
Arthur Islas, MD†; Nicholas G. Murray, PhD*
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Context: Guardian Caps (GCs) are currently the most popular
external helmet add-on designed to reduce the magnitude of head
impacts experienced by American football players. Guardian Caps
have been endorsed by influential professional organizations; how-
ever, few studies evaluating their efficiency are publicly available.
Objective: To present preliminary on-field head kinematics

data for National Collegiate Athletic Association (NCAA) Division I
American football players using instrumented mouthguards through
closely matched preseason workouts with and without GCs.
Design: Case series.

Setting: The 2022 American football preseason.

Patients or Other Participants: Twenty-five male NCAA Divi-
sion I student-athletes participating in American football completed
some portion of the 6 workouts included in this study. Of the 25
participants, 7 completed all 6 workouts using their instrumented
mouthguards.
Main OutcomeMeasure(s): Peak linear acceleration (PLA),

peak angular acceleration (PAA), and total impacts were col-
lected via instrumented mouthguards during 3 preseason work-
outs using traditional helmets (TRAD condition) and 3 using a
TRAD and GCs (GC condition). The TRAD and GC values for

PLA, PAA, and total impacts were evaluated using analyses
of variance.

Results: No difference was present between the collapsed
mean values for the entire sample between the TRAD and GC
conditions for PLA (TRAD ¼ 16.3g 6 2.0g, GC ¼ 17.2g 6 3.3g,
P ¼ .20), PAA (TRAD ¼ 992.1 6 209.2 rad/s2, GC ¼ 1029.4 6
261.1 rad/s2, P ¼ .51), or the total number of impacts (TRAD ¼
9.3 6 4.7, GC ¼ 9.7 6 5.7, P ¼ .72). Similarly, no difference was
observed between the TRAD and GC conditions for PLA
(TRAD ¼ 16.1g 6 1.2g, GC ¼ 17.2g 6 2.79g, P ¼ .32), PAA
(TRAD ¼ 951.2 6 95.4 rad/s2, GC ¼ 1038.0 6 166.8 rad/s2,
P ¼ .29), or total impacts (TRAD ¼ 9.6 6 4.2, GC ¼ 9.7 6 5.04,
P ¼ .32) between sessions for the 7 players who completed all
6 workouts.

Conclusions: These data suggested no difference in head
kinematics data (PLA, PAA, and total impacts) when GCs were
worn. Therefore, GCs may not be effective in reducing the magni-
tude of head impacts experienced by NCAA Division I American
football players.

Key Words: concussion, helmets, student-athletes, traumatic
brain injury

Key Points

• Peak angular acceleration, peak linear acceleration, and total impacts did not differ between the traditional helmet and
Guardian Cap conditions.

• Our results suggest that Guardian Caps may not be effective in reducing the peak angular acceleration, peak linear
acceleration, and total impacts experienced by American football players.

Brain injuries have been closely studied in recent years,
with a particular emphasis on sport-related concussion
(SRC). They remain a vital public health concern that

affect participants of all ages and at all levels of sport. For colle-
giate athletes specifically, SRC represents approximately 6% of
all athletic injuries, with American football serving as the largest
contributor to this statistic.1 In addition to these head injuries,
many athletes experience a phenomenon known as repetitive
head impacts (RHIs), which are defined as multiple blows to
the head that are not significant enough to result in the clinical
diagnosis of a concussion or to generate symptoms.2 Repeti-
tive head impacts are particularly common among American
football players due to the repetitive blows incurred on each
subsequent play for most players, and RHIs have been hypoth-
esized to have a cumulative effect on the brain.2 Previous

authors have suggested that frequent exposure to RHIs may
lead to changes in white matter connectivity and decreased
activation of the dorsolateral prefrontal cortex, which is the
brain area primarily responsible for executive function and
decision-making.2–4 This combination of factors presents a
clear need for interventions to better protect athletes in all
sports and at all levels of participation, with a particular
emphasis on American football players.
Research on American football has resulted in many positive

innovations over the years, particularly with the implementa-
tion of instrumented mouthguards (iMGs) to collect data
regarding changes in rotational and linear kinematics. Instru-
mented mouthguards can be difficult to use because athletes
must be gentle with the hardware (eg, avoiding chewing while
wearing the iMG); however, they provide a considerable
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advance and supply data comparable with those of traditional
helmet-based systems.5 When used properly with a custom
dental scan for fitting and routine maintenance, iMGs can
measure the number of impacts each user experiences dur-
ing the recording session; that said, best scientific practices
indicate the need for advanced filtering techniques and sub-
stantial video verification, which limit the immediate on-field
applications. However, iMGs provide a comfortable and
affordable way to accurately track head impacts to aid inves-
tigators in answering critical questions about preventive
approaches for SRC and RHIs.
One possible course of action to better protect American

football players from the effects of RHIs or SRC is to improve
helmet technology. Though RHI research is relatively new,
for years researchers have been attempting to create helmets
that better attenuate the forces applied to the head. The push
for better helmet designs can involve altering the shell or
inner padding or adding padding to the exterior of the exist-
ing helmet.6 One of the first innovations of this kind was the
ProCap (Protective Sports Equipment Inc), which was released
in 1989 and consisted of a hard-shell cover that was affixed to
the exterior of a traditional football helmet.6 ProCap was
endorsed by some American football players in the National
Football League (NFL); yet the ProCap’s popularity dwindled
when the primary NFL helmet manufacturer at that time, Rid-
dell, revoked the certification from its helmets that had been
modified with a ProCap.6

In 2011, the National Operating Committee on Standards
for Athletic Equipment (NOCSAE) backed Riddell’s decision
from years prior, stating that the addition of components to
athletic equipment or modification of the original equipment
voided the warranty and safety certifications of the product.6

This regulation was later revisited by NOCSAE and over-
turned, so long as the company wishing to design helmet add-
ons tested the product itself and became responsible for the
warranty of the equipment.7 This change in legal proceedings
allowed the current market leader, Guardian Sports, to create
the Guardian Cap (GC) in 2015.
The GC is currently the most popular external helmet add-on

aimed at attenuating the magnitude of head impacts experienced
by American football players. The GC has a similar design
to the previously mentioned ProCap, but it is classified as a
soft-shell cover.8 The GC’s popularity is in part due to heavy
endorsement by the NFL, which used GCs during its 2022
preseason training. The NFL described a 50% reduction in
SRC when compared with the averages from 2018, 2019,
and 2021; nonetheless, the data behind this claim have never
been published.9 Other authors have tested the effectiveness
of the GC; however, most of these studies used only laboratory
helmet impact testing, such as vertical drop testing.10 On-field
measurements have been provided in a single study to date;
its authors used iMGs to collect angular and rotational head
kinematics from 5 National Collegiate Athletic Association
(NCAA) Division I American football players.11 On-field data
were obtained in 2019 during 13 workouts from 5 linebackers
wearing traditional helmets and compared with on-field data
obtained in 2021 during 14 workouts from a unique set of
5 linebackers wearing GCs.11 Although prior research is sparse,
the results suggested that the GC did not alter or reduce head
kinematics, but additional data are needed from a larger cohort
spanning multiple positions to confirm these findings.
To address the endorsement from the NFL and the need

for larger on-field data validations, our aim was to establish

preliminary angular and rotational head kinematics data for
NCAA Division I American football players through closely
matched practice sessions with and without GCs. Consistent
with the limited previous literature, we hypothesized that GCs
would not reduce the peak linear acceleration (PLA) or peak
angular acceleration (PAA) experienced by American football
players during preseason workouts.

METHODS

Participants

Twenty-five NCAA Division I male American football play-
ers (average age¼ 206 1 years) were recruited from the same
American football team if they wore dental-scanned and -fitted
iMGs to record head impacts (3200 Hz; Prevent Biometrics)
during preseason workouts. Each iMG contained a triaxial
accelerometer and gyroscope to measure linear and rotational
kinematics. The players wore the iMGs for various numbers
of the 6 workouts included in this study. For example, 13
players had valid data from their iMGs for the first workout
included, whereas 17 did for the third workout (Table 1). Of
the 25 participants, only 7 players (average age ¼ 206 0.76
years) engaged in all 6 practice sessions and had complete
data for all recorded workouts (Table 1). Due to the fluctuat-
ing sample size for each workout, we analyzed these data in
2 ways. The first analysis used all available data from the full
set of 25 participants, resulting in 83 individual observations,
as some of the 25 participants completed multiple workouts.
The 7 players with valid data from all 6 workouts underwent
a second, separate repeated-measures analysis. The football
players’ positions varied (offensive lineman, defensive line-
man, running back, tight end, and linebacker), but all were
identified by the coaching staff as having the potential to be
high-dose players (Table 1). We defined a high-dose player
as an individual who had the greatest opportunity for contact
based on the position type and the offensive/defensive scheme
of the respective university. This included players in positions
such as offensive lineman, defensive lineman, running back,
tight end, and linebacker, as players in these positions are
known to receive more impacts per training week and are
thus more susceptible to the effects of RHIs compared with
quarterbacks, kickers, or punters.12 Identification of high-dose
players occurred through close consultation with the coaching
and sports medicine staff. Of the 25 participants, 12% (n ¼ 3)
of the athletes were starters, 36% (n¼ 9) were rotational play-
ers, and 52% (n ¼ 13) were scout team players as denoted by
the coaching staff (Table 1). The players were allowed to
choose the brand of their traditional helmet; 84% (n ¼ 21) of
players wore the Riddell SpeedFlex (Riddell Sports Group),
4% (n ¼ 1) wore the Vicis Zero2, and 12% (n ¼ 3) wore the
Schutt F7 2.0 (Schutt Sports). The players used the same helmet
for each of the 6 recorded workouts.
Participants were excluded if they did not adhere to the

iMG compliance standards (eg, chewed excessively) or if
they had an injury that precluded them from practicing on
the day of the selected practices. Of the 25 participants, 2
had been diagnosed with a concussion within 6 months of
the study start date but were medically cleared to return to
sport. One participant was diagnosed with a concussion during
the study and was then excluded. Concussion history was not
an exclusion criterion; however, all participants needed to com-
plete the full workout as designated by the coaching staff.
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Athletes were not considered if they were performing modified
workouts due to the postconcussion return-to-play process.
All individuals agreed orally and with written informed

consent to participate. This study was approved by the uni-
versity’s institutional review board (No. 1757959-5) and in
accordance with the Declaration of Helsinki.

Practice Plans and GCs

We selected 6 (3 wearing traditional helmets [TRAD] and
3 with GCs affixed to traditional helmets [GC]) nearly identical
practice plans that contained similar levels of hitting and times
for drills. These 6 practices were chosen because they depicted
common NCAA American football workouts, were not
deemed scrimmages, and had only slight variations in practice
plans. We vetted all preseason practice plans and carefully
picked these 6 workouts after video verification to ensure they
had similar workout plans. The practices were during the mid-
dle of the preseason, as at the time of this study, the athletic
department intended to use GCs only during the preseason.
The practices lasted approximately 2 hours, with 15 minutes
of tackling drills, 25 minutes of individual position drills
(which included a tackling circuit), 60 minutes of team drills
using THUD (initiation of contact at full speed with no prede-
termined winner but no takedown to the ground) tackling, and
20 minutes of team tempo play TAG (tackling to the ground).
The TRAD practices occurred within 24 hours of one another,

whereas the GC practices occurred with 5 days between ses-
sions. The last TRAD practice was 2 days before the first GC

practice session; therefore, all 6 included workouts occurred
within a single athletic season. The days between GC prac-
tices varied due to the sports season moving from the accli-
mation period and preseason to the regular season.13 During
the regular season, full-contact TAG is limited to 1 full-
contact day each week per NCAA recommendations.13 All
participants in the GC portion of the study had GCs that
were fitted by the equipment staff and verified as in working
condition before each session.

Instrumented Mouthguards

Before the season, each participant underwent dental scan-
ning and was provided with a custom mouthguard created by
Prevent Biometrics. Based on preliminary data using the indus-
try standards for head impact verification, the Prevent mouth-
guard’s custom head-impact filtering algorithm has a sensitivity
of 0.75 for false-negative detection and a specificity of 0.95 for
false-positive performance.14 When a participant incurred a blow
�5g PLA, the sensor collected data for 16 pretrigger and 144
posttrigger samples. Each participant was instructed to always
wear the iMG and to refrain from placing it in areas that
might cause breakage. In addition, all reported true-positive
head impacts were video verified using 3 camera (model 4k/
HD AG-UX180 Handheld Camcorder; Panasonic) angles
(both end zones and the 50-yard line) on a full-size practice
field. One person, with NCAA Division I film review experi-
ence, video verified all the true-positive head impacts. Of the
828 recorded impacts, 19 could not be video verified and

Table 1. Participant Demographics for the Entire Sample and the 7 Consistent Players at Each Practice Time Point

Practice No.

Traditional Helmets Guardian Caps

1 2 3 1 2 3

Full Sample (n ¼ 25)

Participants, No. 13 12 17 14 14 13

Average age, mean 6 SD, y 20 6 1.19 20 6 0.72 20 6 1.73 20 6 1.25 20 6 1.08 20 6 1.27

No. (%)

Position

OL 3 (23.08) 2 (15.38) 2 (11.76) 2 (14.28) 3 (21.43) 3 (23.08)

DL 2 (15.38) 1 (8.33) 2 (11.76) 1 (7.14) 2 (14.28) 2 (15.38)

RB 2 (15.38) 1 (8.33) 3 (17.65) 3 (21.43) 3 (21.43) 2 (15.38)

TE 3 (23.08) 2 (15.38) 3 (17.65) 2 (14.28) 1 (7.14) 3 (23.08)

LB 3 (23.08) 6 (50.00) 7 (41.78) 6 (42.86) 5 (35.71) 3 (23.08)

Starter status

Rotational 4 (30.77) 6 (50.00) 7 (41.18) 6 (42.86) 7 (50.00) 4 (30.77)

Nonstarter 7 (53.85) 6 (50.00) 9 (52.94) 8 (57.14) 6 (42.86) 7 (53.85)

Starter 2 (15.38) 0 (0.00) 1 (5.88) 0 (0.00) 1 (7.14) 2 (15.38)

7 Consistent Players

Position

OL 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29)

DL 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29)

RB 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29)

TE 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29) 1 (14.29)

LB 3 (42.86) 3 (42.86) 3 (42.86) 3 (42.86) 3 (42.86) 3 (42.86)

Playing-time role

Starter 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Rotational 3 (42.86) 3 (42.86) 3 (42.86) 3 (42.86) 3 (42.86) 3 (42.86)

Nonstarter 4 (57.14) 4 (57.14) 4 (57.14) 4 (57.14) 4 (57.14) 4 (57.14)

Abbreviations: DL, defensive lineman; LB, linebacker; OL, offensive lineman; RB, running back; TE, tight end.
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were removed from the study. The PLA, PAA, and total
number of impacts were analyzed across the 6 practice
sessions. Each impact was considered an individual event
and ensemble averaged.

Statistical Analysis

We examined all data for influential skewness and kurtosis.
The head kinematics data were normally distributed, and an ini-
tial independent-samples t test showed no statistical difference
between the TRAD and GC practices in all head kinematic data
(Table 2). Independent-samples t tests were used for the 83 indi-
vidual observations, as a varying number of the 25 participants
engaged in each workout. Thus, we collapsed the TRAD and
GC sessions separately and performed 1-way analyses of vari-
ance (ANOVAs) for PLA, PAA, and total impacts. One-way
ANOVAs were used for the same reasoning as the independent-
samples t tests: repeated measures are not warranted when sam-
ple sizes vary at each time point. In addition, the 7 players who
had complete data sets were independently analyzed using
repeated-measures ANOVAs across all 6 sessions for PLA,
PAA, and total impacts. Follow-up paired-samples t tests were
conducted in the event of a significant time effect for the entire
sample (Table 3), as well as independent-samples t tests for the
7 consistent players (Table 3). The a level was set at .05 a priori.

RESULTS

TRAD and GC Values for PLA, PAA, and Total Impacts

The mean values for the average PLA, PAA, and total
impacts for the collapsed TRAD and GC workouts using data
from both the entire sample and only the 7 consistent players
can be found in Table 4. The mean values for the average PLA,

Table 2. Peak Linear Acceleration (PLA), Peak Angular Acceleration (PAA), and Total Impacts for the Entire Sample and the 7 Consistent

Players

Variable

Practice No., Mean 6 SD

P Value

Traditional Helmets Guardian Caps

1 2 3 4 5 6

Full Sample (n ¼ 25)

PLA, g 16.3 6 2.1 16.5 6 1.9 16.4 6 2.7 16.2 6 2.6 18.2 6 4.3 18.3 6 3.0 .17

PAA, rad/s2 970.8 6 191.0 1020.4 6 236.9 956.866 264.9 1064.4 6 297.2 1118.06 295.3 1017.1 6 244.5 .50

Total impacts 8.8 6 4.1 9.8 6 5.5 9.2 6 5.4 10.3 6 6.1 9.4 6 6.0 9.5 6 5.3 .98

7 Consistent Players

PLA, g 15.7 6 1.2 16.8 6 2.1 16.2 6 2.4 15.8 6 2.7 17.2 6 4.5 18.6 6 3.1 .67

PAA, rad/s2 927.6 6 195.5 1000.3 6 203.6 925.6 6 155.2 955.8 6 139.4 955.5 6 159.8 1202.2 6 370.0 .80

Total impacts 9.7 6 3.0 9.7 6 6.7 9.4 6 5.2 10.9 6 6.5 7.7 6 5.6 9.3 6 6.2 .82

Table 3. Significance (P Values) for Pairwise Comparisons of

Peak Linear Acceleration, Peak Angular Acceleration, and Total

Impacts for the Entire Sample and the 7 Consistent Players

Sample TRAD 1 TRAD 2 GC 1 GC 2

Peak Linear Acceleration, rad/s2

Full sample

TRAD 2 .88

TRAD 3 .17 .20

GC 2 .10

GC 3 .94 .16

7 Consistent players

TRAD 2 .39

TRAD 3 .64 .58

GC 2 .33

GC 3 .07 .40

Peak Angular Acceleration, g

Full sample

TRAD 2 .56

TRAD 3 .29 .69

GC 2 .38

GC 3 .22 .84

7 Consistent players

TRAD 2 .60

TRAD 3 .99 .46

GC 2 .93

GC 3 .15 .10

Total Impacts

Full sample

TRAD 2 .49

TRAD 3 .24 .80

GC 2 .70

GC 3 .83 .85

7 Consistent players

TRAD 2 1.00

TRAD 3 .90 .88

GC 2 .34

GC 3 .62 .31

Abbreviations: GC, 3 practice sessions with the Guardian Cap;
TRAD, 3 practice sessions with traditional helmets.

Table 4. Peak Linear Acceleration (PLA), Peak Angular Acceleration

(PAA), and Total Impacts for the Entire Sample and the 7 Consistent

Players

Variable

3 Practice Sessions, Collapsed

Mean 6 SD

P

Value

Cohen d

Value

Traditional

Helmets

Guardian

Caps

Full sample (n ¼ 25)

PLA, g 16.3 6 1.99 17.2 6 3.27 .20 0.33

PAA, rad/s2 992.1 6 209.17 1029.4 6 261.01 .51 0.16

Total impacts 9.2 6 4.69 9.7 6 5.65 .72 0.09

7 Consistent players

PLA, g 16.2 6 1.18 17.2 6 2.79 .32 0.47

PAA, rad/s2 951.2 6 95.40 1038.0 6 166.81 .29 0.64

Total impacts 9.6 6 4.15 9.7 6 5.04 .88 0.02
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PAA, and total impacts for each individual workout are avail-
able in Table 2.

One-Way ANOVA PLA, PAA, and Total Impacts
Across the Entire Sample

A 1-way between-participants ANOVA revealed no dif-
ference between the collapsed mean TRAD and GC PLA
(F1,83 ¼ 1.67, P ¼ .20), PAA (F1,83 ¼ 0.44, P ¼ .51), or
total impacts (F1,83 ¼ 0.13, P ¼ .72). These data suggest
that the head kinematics for all players did not differ before
and after GC implementation.

One-Way Repeated-Measures ANOVA Across the 7
Consistent Players

A 1-way within-participants repeated-measures ANOVA
yielded no differences between the collapsed mean PLA
(F1,6 ¼ 1.16, P ¼ .32), PAA (F1,6 ¼ 1.36, P ¼ .29), or total
impacts (F1,6¼ 0.03, P¼ .88) for the TRAD and GC conditions
(Table 4). These data indicate that, in players who participated
in all 6 practice sessions, the GC did not alter the head kine-
matics data.

DISCUSSION

To address the growing concern around RHIs and brain
injury risk in sport, the purpose of our study was to evaluate
the effect of GCs on head kinematics during similar on-field
preseason practices in American football using iMGs. To our
knowledge, this is the most diverse on-field measurement of
iMGs using GCs, with an analysis of 809 unique video-verified
head impacts across various players, positions, and playing
time roles. We were able to obtain multiple practices’ worth of
data from the same players throughout a single season, which
other researchers have not been able to accomplish. The major
outcome was that the GCs did not reduce or attenuate the PLA
or PAA or alter the total number of head impacts during the
6 closely matched practice sessions. In addition, no
changes in any variables were noted after implementation of
the GCs when the same 7 athletes were compared across the
6 practice sessions. Despite reporting by media outlets that
GCs greatly reduced the incidence of concussion, those find-
ings were not peer reviewed and have not been backed by
publicly available data, whereas our results suggested they did
not affect overall head kinematic data on the field.9,15

Although no direct link exists between head kinematic data
and concussions, the total amount of head impact exposure
(ie, frequency and magnitude) is generally higher in the days
leading up to a concussion diagnosis.16,17 Our outcomes did
not indicate that the GCs reduced overall head impact expo-
sure; however, we did not track concussions.
These results support prior laboratory research demonstrating

that GCs did not reduce head kinematic data during use.10,18

The majority of the published investigations on GCs reflects
laboratory research, which has consisted of dropping the GCs
from various heights and measuring the linear acceleration the
helmet experienced when hitting the ground. Laboratory testing
is highly recommended for preliminary investigations on safety
concerns when implementing new technology in sport, yet it
lacks ecological validity. The most effective line of testing is to
apply the technology in a real-world setting, which is what we
aimed to do by using GCs during closely matched practices.
When we directly compared our data with previously published

laboratory examinations of GCs, the PLA and PAAwere similar
to the results of existing research.18

In addition to supporting prior laboratory research on GC
efficacy, our findings align with the 2022 National Athletic
Trainers’ Association position statement regarding strategies
for reducing headfirst contact behavior in American football.19

The statement proposed that companies producing helmet
add-ons often amplified the reduction in head injuries, which
may have caused an increase in high-contact play due to the
perception of reduced risk.19 The statement also indicated that
the efficacy of helmet add-ons has not been established; there-
fore, no evidence supports widespread use.19 We observed no
differences in PLA, PAA, or total impacts with GC implementa-
tion, which suggests this particular cohort may not have engaged
in riskier play due to the perception of decreased injury risk
from GCs. If future researchers note a reduction in PLA or PAA
with no change in total impacts when players are wearing GCs,
that could be considered evidence that players engaged in riskier
behavior due to perceptual changes. Nonetheless, our examina-
tion offered no evidence to imply any behavioral effects. That
said, the nonsignificant results in this study provided on-field
evidence that GCs may not be effective in mitigating head
impact kinematics in American football.
To our knowledge, only a single study used on-field data

to validate the use of GCs.11 Cecchi et al used iMG ana-
lyzed data from 5 Division I linebackers collected from 13
practices using traditional helmets without GCs in 2019 and
14 practices using GCs attached to traditional helmets in
2021.11 The 5 players in the earlier study were not consistent
throughout the 2 recorded seasons. Though our research
involved significant methodologic differences, as we ana-
lyzed data from a larger sample set over the course of a sin-
gle season, the examination by Cecchi et al is currently the
only published work available for comparison.11 We found no
differences in PAA, PLA, or total impacts, as did Cecchi et al.11

They also reported no differences in diffuse axonal multi-axis
general evaluation or head acceleration response metric; however,
we did not evaluate these variables. The combined results from
Cecchi et al and the present study strongly suggest that GCs were
not effective in reducing the amount and the magnitude of head
kinematics experienced by collegiate American football players.11

Research Implications

Our outcomes suggested that GCs were ineffective in atten-
uating the linear and rotational head kinematics experienced
by collegiate American football players, although they might be
effective when applied to other helmets.

Limitations

Our investigation had limitations related to the method
of data collection, as it might have been more beneficial to
obtain data during games as opposed to practices; still, GCs
are not allowed during games. Previous researchers have shown
that the game concussion rate for collegiate American football
players was 3.74 per 1000 athlete-exposures versus the practice
concussion rate of 0.53 per 1000 athlete-exposures.20 Comparing
GC and non-GC data from American football games would
allow us to see the effectiveness of GCs in a game setting. An
additional limitation of this study was that we did not consider
behavioral differences while the players were wearing GCs. It
is possible that the players felt more or less protected with the
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additional padding, which changed the way they played. Our
data did not reveal a change in total impacts from TRAD to
GC; however, we cannot firmly conclude that no behavioral
differences in the players’ practice style occurred while wear-
ing the GCs. Additionally, not all players wore the same hel-
met underneath the GC, nor did we analyze whether a certain
helmet paired better with the GC to reduce the head kinematics
experienced by American football players. Furthermore, GCs
are affixed mainly by Velcro straps and tend to slide off the play-
ers’ helmets during high-contact drills or scrimmages. Though
the workouts included in this study were video verified and data
would have been excluded had the GC come off completely, we
cannot guarantee that the GC was not dislodged during some of
the impacts. Our work would have also benefited from a second
video reviewer simply to ensure high levels of quality control
when reviewing the practice film for impacts. Lastly, no concus-
sion rates were tracked during this study, as the performance
period was too short, and such data may be more suited to a
larger multiteam study to achieve sufficient power.

CONCLUSIONS

Consistent with the limited literature on GCs, we found no
reduction in PAA, PLA, or total impacts when the GCs were
affixed to traditional helmets in collegiate American football
players. As significant head injuries are prominent in Ameri-
can football and other contact sports and with only a small lit-
erature base examining the effects of RHIs, continued research
into improvements to contact sports equipment is needed.
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