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ABSTRACT

The landscape of concussion mitigation technologies in contact sports has evolved significantly,
with innovations such as Guardian Caps, G8RSkin, and the Q-Collar showing promising results in
reducing concussion risk. These advancements demonstrate crucial steps that have been made toward
addressing the prevalence of traumatic brain injuries and potentially mitigating the development of
chronic traumatic encephalopathy (CTE) among athletes. Despite these technological advancements,
significant challenges remain in standardizing concussion protocols across sports. The lack of consensus
on diagnosis methods, treatment approaches, and return-to-play guidelines undermines holistic athlete
protection. Current diagnosis methods remain largely subjective and dependent on self-reporting, while
treatment protocols vary widely between institutions. Moving forward, emphasis must be placed not
only on improving protective equipment but also on developing standardized diagnostic criteria for
early CTE detection, establishing consistent treatment protocols, and implementing mandatory recovery
periods following head trauma. Multifaceted approaches can significantly enhance athlete safety while
preserving the integrity and future of contact sports. As technological innovation advances, we must
consider whether the investment in concussion research has fulfilled athletic institutions’ ethical

responsibility to protect athletes without detracting from the excitement of collision sports.
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INTRODUCTION

In 2015, former NFL player Chris Borland retired after
just one season, fearing the long-term effects of chronic
traumatic encephalopathy (CTE). If today’s advanced
concussion mitigation technology had been available at
the time, would he have made a different choice? Cases
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like Borland’s are not isolated. They reflect a broader,
data-driven reality: the Centers for Disease Control
and Prevention (CDC) estimates that approximately 3.8
million sports-related concussions occur annually in the
U.S., with 5-10% of athletes sustaining a concussion each
year (1, 2). Despite improvements in diagnostic tools and
concussion management, traumatic brain injuries remain
a persistent risk, especially in high-collision sports.
Boxer Micky Ward, whose story was depicted in the
2010 film The Fighter, began experiencing symptoms
consistent with CTE just two years after his 2003
retirement (3). Olympic boxer Tony Jeffries estimated
taking 40,000 to 50,000 head blows over his career before
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retiring in 2011 (4). The condition is so prevalent in contact
sports that Boston University announced in 2023 that
they had detected CTE in 345 of 367 former NFL players
studied, underscoring the prevalence of the condition
among contact sport athletes and the urgent need for early
detection and treatment methods (5). Similarly, a NIH-
funded study of 152 brains—I141 male and 11 female—
from contact sport athletes who passed away before the
age of 30 found that over 40% had developed CTE (6).

CTE is a neurodegenerative condition caused by
repeated head trauma. Currently it can only be definitively
diagnosed post-mortem (7); however, ongoing research
into the accumulation of hyperphosphorylated tau (p-tau)
proteins in the brain is offering promising methods
for early detection (8, 9). Alzheimer’s disease is also
characterized by a buildup of p-tau proteins, but it differs
from CTE in the distribution and progression of these
deposits (10, 11). Specifically, CTE is marked by more
localized tau accumulation, particularly in the cortical
regions (Figure 1), whereas Alzheimer’s typically shows
a more widespread pattern (12). Because the abnormal
tau buildup in CTE is directly linked to head trauma, its
long-term effects can be just as severe as those seen in
Alzheimer’s disease.

The detrimental effects of CTE has led to a fear of
decline of historically popular contact sports. This is due
in part to research showing that athletes who experience
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repeated head trauma in contact sports may later develop
mood disorders, cognitive issues, suicidal thoughts,
and aggressive behavior. Some of these athletes show
postmortem signs of CTE, which is believed to be caused
by concussions or subconcussive blows present in high-
energy impacts from collision sports (14, 15). However,
not all athletes who suffer from head injuries develop
CTE, and some individuals with similar symptoms
have not been exposed to repeated trauma, leading to
disagreement over the true cause of these neurological
conditions (16). Advancements in research, such as
Boston University’s Study of Axonal and Vascular Effects
(Project S.A.V.E), aim to better understand the long-term
effects of repetitive head trauma and develop treatment
strategies (17). Continued research into CTE is crucial for
potentially mitigating the condition’s debilitating effects.

The necessity to mitigate concussions in contact
sports has led to an increase of concussion mitigation
technologies, which have proven to see success in limiting
concussion rates. These tools take different approaches—
external and internal—to reduce head trauma. While
each method shows promising results, their adoption and
effectiveness vary.

External devices, such as the Guardian Cap or
G8RSkin, focus on reducing impact force. Guardian Caps
are soft-shell helmet covers shown to lower both linear
and rotational acceleration, leading to a 52% reduction
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Figure 1. Hyperphosphorylated tau aggregates dissociate from microtubules and form neurofibrillary tangles in the brain,

contributing to the development of CTE (11, 13).
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in concussions during NFL practices and up to a 34%
risk reduction in youth and high school football (18, 24).
However, some players are resistant to wearing them due
to discomfort and their appearance, which could affect
their widespread use (29). Similarly, the G8RSkin uses a
cross-functional protective gear that reduces concussion
risk by up to 79% by absorbing and dispersing impact
forces through its polymer design (19). The G8RSkin has
been tested using methods like the Combined Probability
of Concussion (CPC) and Head Acceleration Response
Metric (HARM), showing a reduction in concussion risk
by up to 82% in various impact scenarios (19, 32).

Alternatively, internal solutions target the physiological
effects of impact. The O-Collar applies light pressure to
the neck, increasing blood volume in the brain’s venous
structures to prevent internal brain movement during
impacts (20). As the only FDA-approved concussion
mitigation device, it works alongside helmets to reduce
“brain sloshing” during head impacts. While these
technologies offer complementary forms of protection,
challenges remain in adoption, long-term testing, and
integrating them into standardized concussion prevention
strategies.

Despite the high prevalence of brain injuries in sports,
there is still no consensus on concussion treatment. For
instance, the University of Michigan recommends light
exercise during recovery, while other institutions advocate
for complete rest (21, 22). The growing concern about
the long-term health risks athletes face from repeated
concussions in collision sports has spurred significant
advancements in concussion mitigation technologies.
These technologies have demonstrated success in
reducing concussion rates and protecting athletes from
the long-term effects of brain trauma, including CTE.
However, despite these developments, the need for early
diagnosis and treatment remains critical, as current
methods for assessing brain injury are limited, and CTE
is still diagnosable only post-mortem. While the latest
concussion mitigation technologies have significantly
improved athlete protection against brain injuries, further
focus should be placed on early diagnosis and treatment
methods to prevent long-term neurological damage
and conditions similar to CTE, ultimately shifting the
approach to include these factors as components of overall
concussion management going forward.

GUARDIAN CAPS

Rutgers New Jersey Medical School conducted a study
which examined the prevalence of head impacts in the
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Summit Youth Football League, where 20 children at
the middle school level were equipped with Guardian
Caps—soft-shelled helmet pads used by the NFL to
reduce concussion risk—during practices (23) (Figure 2).
Guardian Caps function independently from the helmets,
allowing them to shift upon impact and disperse energy
more effectively. Unlike typical helmets, the Guardian
Cap has a soft outer shell that absorbs impact, reducing
the force transferred to the hard shell and interior padding.
The impact on an athlete’s head is minimized, similar to
the soft wall technology used by NASCAR or car airbags
(24). Typically, 18.2% of middle schoolers and 14.3% of
high schoolers report at least one concussion from sports
or physical activity annually (25). The study revealed that
Guardian Caps, coupled with safer tackling techniques,
substantially mitigated the number of head injuries among
that team (23).

Similarly, the Virginia Tech Institute evaluated football
helmets with add-ons—such as the Guardian Cap XT and
Guardian Cap NXT—at varsity-level impact conditions,
the latter being designed for higher-impact forces at
the professional level (26, 27). These add-ons reduce
vibrational frequencies, mitigating impact by an average
of 10-20% at NFL speeds, compared to helmets without
them. Thefindings demonstrated that Guardian technology
reduced both linear and rotational accelerations, thereby
lowering the risk of concussions. Research from the
National Center for Biotechnology Information supports
this, analyzing how rotational acceleration magnitude and

Figure 2. Example of Guardian Cap. As seen here, the cap
acts as a shell over the helmet but moves independently,
allowing it to absorb and redirect impact forces before they
reach the hard shell to reducing the overall force transferred
to the player’s head (18).
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duration affect behavioral outcomes, such as neuromotor
function, cognitive deficits, and emotional behaviors
across different injury groups (28). The effects observed
in the Morris Water Maze and Composite Neuroscore
suggest that higher rotational acceleration leads to greater
neurological dysfunction (28). As shown by the Table 1
below, Guardian caps reduced linear acceleration by
3-8% and rotational acceleration by 5-14% (26).

The Guardian Cap NXT emerged as the most
effective, reducing concussion risk by up to 34%.
Virginia Tech developed the STAR (Summation of
Tests for the Analysis of Risk) rating system to assess
the effectiveness of football helmets in mitigating
concussions. When evaluated, the Guardian Cap NXT
enhanced the Riddell SpeedFlex helmet’s performance
by 72%. Given these results, it is unsurprising that,
according to Guardian’s website, the NFL has mandated
Guardian Caps in contact practices since the 2022 season,
excluding kickers and quarterbacks (24). The technology
was also made optionally available to players during
regular-season games. During that time period, the NFL
documented a 52% reduction in concussions compared
to the previous three seasons (24). Although Guardian
Caps offer significant benefits in concussion prevention,
an ESPN article reveals mixed feedback from NFL
players. Some find the caps uncomfortable, especially
in hot weather, as they trap heat and hinder ventilation
within the helmet. Others criticize the appearance, with
players such as Rashod Bateman and Lloyd Cushenberry
expressing concerns over the unattractive natures of the
caps (29). Despite their proven effectiveness in reducing
concussion risk, some players remain hesitant to wear
the caps during games due to discomfort in practice
and their lack of visual appeal. This resistance raises
concerns over whether teams will fully utilize the
technology. While Guardian Caps show great potential
in addressing the risk of developing CTE, their success
depends on balancing safety with player satisfaction to
ensure widespread adoption and sustained use.

Concussion Care in Collision Sports: Beyond the Gear

GS8RTECH

Unlike Guardian Cap technology which is limited to
sports that require helmets, G8Rfech technology is cross-
functional and can be used in any activity, protecting the
neck and head area as a way of mitigating concussion risk
by up to 79% (30) (Figure 3). The G8RSkin, a protective
sheisty made of impact-absorbing polymer, was developed
through continuous testing and refinement, incorporating
athlete feedback and expert input to improve durable
protection and comfort. The G&8RSkin helps alleviate
concussion risk by absorbing and dispersing impact
forces. When a player gets hit, the helmet takes the initial
force and distributes it across a larger area. Then, the
G8RSkin absorbs the leftover impact, briefly hardening
to further dissipate energy before softening again almost
instantly. Its special materials and design helps spread
energy more effectively, reducing force on the head,
thereby minimizing the risk of concussions and long-term
brain injuries such as CTE.

Data collected at an independent laboratory tested
the effectiveness of the technology using two main

Figure 3. GS8Rtech is a cross-functional technology
designed to protect the neck and head area, reducing
concussion risk by up to 79% using impact-absorbing
polymers (31).

Table 1. Average Percent Reductions with Add-Ons

Add-On Linear Accel. Rotatinal Accel. Concussion Risk
Guardian XT 3% 5% 15%
SAFR 4% 9% 25%
Guardian NXT 8% 14% 34%

Guardian Caps reduce the force incurred by limiting the impacts of both linear and
rotational acceleration, ultimately lowering the risk of concussion (26).
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methodologies. The Virginia Tech Helmet Lab, as part of
their STAR testing system, developed the first method,
the Combined Probability of Concussion (CPC), which
measures the sustained linear and rotational acceleration
a player’s head experiences in a hit and calculates the
risk of a concussion based on those forces. The second
method, HARM (Head Acceleration Response Metric), is
used by the NFL and Biocore to analyze head impacts.
HARM combines two measurements: H/C (which looks
at linear acceleration forces) and DAMAGE (which looks
at rotational acceleration forces) (19) (Figure 4). The
tests were conducted using a 15.6 kg (roughly the weight
of a large bowling ball) + 3% linear ram that strikes a
headform—both with and without G8Rskin technology—
mounted on a sliding carriage with the ram constrained to
translational movement along its axis (32) (Figure 5).

HARM = C,HIC + C,DAMAGE

Figure 4. HARM, the Head Acceleration Response
Metric, is calculated using a linear combination of HIC and
DAMAGE values, where a lower HARM value indicates
better helmet performance, with DAMAGE derived from a
multibody model using rotational acceleration inputs (32).

Figure A2.3 — Impact site Side Upper (SU).

Emulating Hit To The Top Side Of Head

Concussion Care in Collision Sports: Beyond the Gear

The setup allowed a 6-axis load cell, capable of
measuring forces in multiple directions, to capture detailed
impact data. The headform’s positioning was adjusted at
specific angles to simulate various impact scenarios (32).
The tests found that the GSRSkin technology lowered the
HARM value by up to 36.5%, significantly mitigating the
causative forces that contribute to concussions. Compared
to a bare helmet, GS8RSkin technology showed a relative
concussion reduction of 79.68% on the upper side, 56.66%
on the facemask side, 37.08% on the offset front, and
31.14% on the rear offset (19).

To interpret the numbers, it is helpful to understand
that the impact speeds used in the test are comparable to
those in football tackles, which typically range between
3 m/s to 6 m/s. This real-world comparison helps
researchers assess the product’s effectiveness in reducing
injuries within sports contexts. The technology was
created by former Johns Hopkins football player Carter
Hogg as a way to prevent the dangers of tackling which
he has experienced firsthand. Hogg tested the technology
on himself and his teammates, with one of them claiming,
“Having taken hits like that before, I've gotten up very
slowly. I've taken several seconds to get my bearings. But
this time I took the hit — and it wasn’t pleasant — but 1
was able to pop up immediately. I felt completely fine” (33).
Hogg points out that in juxtaposition to the constricting

Figure A2.5 — Impact site Facemask Side (FMS).

Emulating Hit To Jaw Bone

Figure A2.1 - Impact site Offset Front (OF).

Emulating Hit To The Forehead

Figure A2.4 — Impact site Offset Rear (OR).

Emulating Hit To The Back Of The Head Or Falling And Hitting Back Of Head

Figure 5. The G8RSkin saw up to an 82.19% reduction in relative concussion risk at different hit locations and speeds, as
measured by HARM metrics, indicating it could serve as a valuable concussion mitigation application (19).

June 2025 Vol. 3 No. 3

American Journal of Student Research www.ajosr.org 208


https://g8rtech.com/science-testing/
https://static.www.nfl.com/image/upload/v1597314821/league/x1555pmeldebfym2qwky.pdf
https://static.www.nfl.com/image/upload/v1597314821/league/x1555pmeldebfym2qwky.pdf
https://g8rtech.com/science-testing/
https://hub.jhu.edu/magazine/2023/winter/carter-hogg-g8rskin-football/
https://static.www.nfl.com/image/upload/v1597314821/league/x1555pmeldebfym2qwky.pdf
https://g8rtech.com/science-testing/

nature of Guardian Cap technology, “it’s not going to
restrict the movement of the player whatsoever during
normal play. But when you do take that hit, it actively
hardens, and in doing so resists the skull’s movement
so that the acceleration of the head itself is reduced
drastically” (33). The G8Rskin’s innovative design allows
for flexibility and comfort during play while actively
reducing the forces on the head during collisions. This
lightweight, flexible design makes it easier to wear in-
game compared to bulkier concussion protection devices,
contributing to its growing popularity among athletes.
G8RSkin technology provides a highly effective solution
for mitigating concussion risk by absorbing and spreading
impact energy. Since its launch in May of 2024, it will be
interesting to see how data from actual NFL games either
reinforce or refute the claims made by the developers of
the device. Additionally, studies evaluating players who
only wore the G8RSkin would be worth conducting to
determine if concussion mitigation technologies are
additive in effect or if risk can only be limited to a certain
extent no matter the technologies at play.

Q-COLLAR

Unlike other concussion mitigation technologies which
aim to reduce the linear and rotational accelerations
of forces impacting the brain, Q30 has developed the
Q-Collar, an innovative device that applies light pressure
to the sides of the neck, increasing blood volume in the
brain’s venous structures to reduce internal movement of
the brain, helping prevent injury (Figure 6). Currently, the
Q-Collar is the only FDA-approved concussion mitigation
technology, which underscores the product’s validity and
confirms its efficacy in reducing concussion risk (34). The
technology is designed to be worn alongside helmets in
order to prevent “brain sloshing” (the internal movement
of the brain within the skull during an impact), and protect
athletes’ brains during head impacts.

The Naval Medical Research Center conducted a rat
blast wave model study, to assess whether compressing
the internal jugular vein (I1JV) could reduce brain damage
from blast waves. In the study, venous compression in
the neck significantly reduced the extent of axonal injury
by around 83% compared to the control group which
did not undergo compression. The results indicated that
reducing “brain slosh” through 1JV compression led to
decreased brain trauma, demonstrating that the Q-Collar
can help protect the brain from high-pressure blasts (36,
37). A separate study conducted at Cincinnati Children’s
Hospital examined high school football players over a
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season using diffusion tensor imaging (DTI) — a brain
imaging technique that measures water diffusion in brain
tissue to assess white matter structure and connectivity
(38). The study found that players who did not wear the
Q-Collar exhibited significant brain changes associated
with repeated impacts, while those who wore the device
experienced much less damage. These findings reinforce
that the Q-Collar could prevent long-term brain injuries
in contact sports (34, 36). Beyond its effectiveness, the
technology seems to be well-received among athletes,
with Jesse Bernhardt, professional lacrosse player and
coach, claiming, “The Q-Collar is just another piece of
equipment keeping me healthy on the field, taking care
of my body with my brain; I want to be successful in my
future when Lacrosse is over, whether that’s coaching,
being a good husband, or being a good father” (37). As
the O-Collar offers a new approach beyond traditional
helmets, and as more athletes and studies support its
effectiveness, it could soon become a standard in contact
sports safety.

DIAGNOSIS PROTOCOLS AND PREVENTION

Overall, technological advancements in concussion
mitigation have led to the development of promising new
devices aimed at reducing concussion risk. While these
innovations reflect a clear and sustained initiative to
limit the threat of concussion, further research is needed
to better understand how CTE develops and to improve
treatment strategies. For instance, Boston University

Figure 6. The Q-Collar works to increase volume in the
brain’s jugular structures by applying light pressure to the
neck which prevents internal movement of the brain within
the skull during an impact (35).
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published a study suggesting a potential diagnosis
method for pre-mortem CTE. By discovering a strong
correlation between the buildup of p-tau proteins in the
brain—especially in the frontal lobe —and cognitive,
functional, and behavioral symptoms, researchers aim to
establish diagnostic criteria enabling doctors to identify
CTE in living patients (9, 39). Further investment in
concussion research could be another method by which
athletic institutions can work to limit the negative risks
of contact sports and catch the early symptoms of CTE
before they worsen.

Preventing concussions is essential to mitigating
severe long-term consequences including CTE, memory
loss, cognitive decline, and mental health issues. The
recent developments in concussion mitigation technology
underscore the growing scientific movement toward
taking concussion prevention seriously (40).

Although concussion prevention is a critical topic for
research, diagnosis and treatment could prove to be just as
important. The current standard of concussion diagnosis
typically includes a neurological exam assessing vision,
hearing, strength, balance, coordination, and reflexes
(41). However, concussion assessment in sports is often
influenced by athlete bias—particularly the desire to keep
playing—especially in professional combat sports, where
concussion evaluations may be as minimal as shining a
light in the athlete’s eyes and asking if they can continue.
Unlike many medical conditions with standardized
diagnostic protocols, no formal consensus guidelines
exist for managing concussions or determining return-
to-play protocols in combat sports. As a result, in-game
concussion diagnoses are often unreliable and heavily
dependent on self-reporting, making them susceptible
to false statements from athletes eager to continue
competing. Given that head contact is intrinsic to these
sports, concussion protocols must be more rigorous than
in non-combat disciplines to ensure athlete safety (42).

Protocols are needed to standardize concussion
reporting and enforce appropriate time off for recovery
to minimize repeated head trauma. The National Library
of Medicine surveyed and interviewed 25 athletes across
13 sports to assess their attitudes and behaviors regarding
concussion reporting (43). While most athletes disclosed
previous concussions, the interviews revealed barriers such
as stigma, peer pressure, and lack of team support. The
study demonstrates the need for standardized protocols
and interventions to promote concussion disclosure and
mitigate long-term brain injury risks in athletes.

In addition to promoting concussion disclosure,
Hackensack Meridian Health stresses the importance
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of a carefully monitored recovery period, emphasizing
that time off from physical activity is crucial to avoid
worsening symptoms and prevent long-term brain
damage. Returning to activity too soon—especially in
contact sports—can carry major ramifications (44). A
notable example is six-time UFC champion Alexander
Volkanovski, who accepted a fight against power-
puncher Ilia Topuria just four months after suffering a
severe knockout loss to Islam Makhachev (45). Once
again, Volkanovski was knocked out — this time with
more serious ramifications. As demonstrated by a study
conducted by the University of Oxford and the University
of Exeter—the largest of its kind—repeated head trauma is
generally more detrimental to neurological function than
asingular head impact (46, 47). Due to the heightened risk
of consecutive brain trauma, Volkanovski took a hiatus
of over a year to recover. If sports such as MMA, boxing,
and the NFL implemented standardized protocols—such
as mandatory recovery periods following a knockout
in combat sports—these preventable risks could be
significantly reduced, ultimately mitigating long-term
brain damage in athletes (48).

Brain imaging can often play a more objective role
in concussion diagnosis, and may be recommended
for individuals with severe or worsening concussion
symptoms such as persistent headaches or seizures to
check for bleeding or swelling in the skull. A computerized
tomography (CT) scan is standard for adults immediately
after injury, providing cross-sectional images of the
brain using X-rays. In children, CT scans are used only
if specific criteria, such as a skull fracture, are met
to minimize radiation exposure. Magnetic resonance
imaging (MRI) scans—which work using magnets and
radio waves—may be used to detect brain changes or
complications following a concussion (41). Although
useful for diagnosis, CT scans and MRIs are impractical
for mid-game use due to their high cost, large size, and
long duration. A CT scan costs on average around $1,200
and takes about 10 minutes, while an MRI can cost up to
$2,000 and lasts an hour or more, making both options
too expensive and time-consuming to be used during live
sporting events (49).

TREATMENT

Similar to the challenges arising from the lack of
standardized diagnostic procedures, a key issue in
concussion treatment is the variation in treatment protocols
and beliefs among universities and organizations.
The University of Michigan Health published a study
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https://molecularneurodegeneration.biomedcentral.com/articles/10.1186/s13024-023-00697-2
https://pmc.ncbi.nlm.nih.gov/articles/PMC3385935/
https://www.cdc.gov/heads-up/prevention/index.html
https://www.mayoclinic.org/diseases-conditions/concussion/diagnosis-treatment/drc-20355600
https://bjsm.bmj.com/content/53/6/328
https://pmc.ncbi.nlm.nih.gov/articles/PMC10199141/
https://www.hackensackmeridianhealth.org/en/healthu/2021/10/18/when-is-it-safe-to-return-to-sports-after-a-concussion
https://www.espn.com/mma/story/_/id/39550497/ilia-topuria-knocks-alexander-volkanovski-ufc-298
https://www.liebertpub.com/doi/10.1089/neu.2022.0360
https://www.ox.ac.uk/news/2023-01-31-three-or-more-concussions-linked-worse-brain-function-later-life
https://www.childrenscolorado.org/conditions-and-advice/sports-articles/sports-injuries/concussion/play-after-concussion/
https://www.mayoclinic.org/diseases-conditions/concussion/diagnosis-treatment/drc-20355600

discussing the three phases of concussion recovery (50):

1. The Acute Symptomatic phase lasts from the injury
until symptoms peak and begin to improve, usually
lasting around three days. During this phase, rest
is essential, and activities that worsen symptoms
should be avoided.

2. The Recovery Phase is when symptoms gradually
lessen and individuals can tolerate more cognitive
and physical activities. In this phase, a structured
return to normal activities is important.

3. The Recovered Phase is when the patient is
symptom-free at rest and during activity, reflecting
a full return to pre-injury function.

In combination with concussion prevention
technologies and the need for investment in standardizing
concussion diagnosis, treatment remains another area
requiring improvement, with a key issue being that
different institutions may treat concussions differently.
For example, despite traditional concussion treatment
guidelines emphasizing strict rest, a Michigan Medicine
team physician is exploring new research that may
suggest alternative recovery approaches (21, 22). The
study assessed the effectiveness of supervised exercise in
concussion recovery. An analysis of 126 patients found
that those who started supervised exercise within 16 days
of their concussion returned to sports without serious
adverse effects, and at a 2.35 times higher likelihood of
a faster recovery. These findings challenge traditional
concussion recovery methods and suggest that supervised
exercise during the acute symptomatic stage may lead to
safer and faster return to activity.

This idea is supported by similar research including
a retrospective analysis of 253 cases which found that
delaying aerobic exercise negatively impacted concussion
recovery time (51). Specifically, it found that those who
began exercise within one day recovered significantly
faster than those who waited three or more days,
suggesting that strict rest may not be the most effective
treatment and that early, controlled aerobic activity
could improve recovery. It should be noted, however,
that because this is a retrospective analysis instead of a
randomized controlled trial, the findings may be subject
to confounding variables — such as the likelihood that
individuals who resumed activity sooner may have
sustained less severe concussions. These similar studies
support the growing evidence that active rehabilitation
strategies are beneficial for concussion treatment, although
further research is needed to determine the optimal type,
intensity, and timing of exercise.

However, despite multiple findings supporting this
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claim, these ideas are directly conflicted by similar
research at Brain Injury Association of America which
claims that after a concussion, there is no circumstance
where someone should return to an activity that poses a
significant risk of sustaining another concussion. They
recommend that while low-risk activities such as walking
may be acceptable, higher-risk activities such as playing
soccer, riding a bike, or skateboarding should be avoided
until symptoms subside. The organization emphasizes that
most concussions resolve with cognitive and physical rest
alone, and additional treatment should only be considered
if symptoms persist or worsen after 2-3 weeks, due to
concerns that premature physical activity could lead
to further complications such as a second concussion,
particularly if symptoms are still present (52).

Establishing a standardized approach to concussion
treatment is essential to ensure consistency in care
and identify the most effective recovery methods.
Consequently, variations in treatment protocols across
institutions create disparities in patient outcomes and
hinder the ability to determine best practices. A unified
system would allow researchers to compare results
more accurately and refine treatment strategies based on
reliable data. Different organizations following conflicting
treatment recommendations ultimately undermines
progress in concussion management. Although the science
of concussion treatment continues to evolve, adopting
a standardized framework will ensure that all patients
receive the highest quality care.

CONCLUSION

While technologies like Guardian Caps, G8RSkin, and
the Q-Collarrepresent crucial steps in reducing concussion
risk, true progress depends on more than just equipment.
The lack of consensus on diagnosis methods, treatment
approaches, and return-to-play guidelines undermines
holistic athlete protection. To truly safeguard players,
athletic institutions must prioritize the development
of unified concussion protocols, including concussion
mitigation strategies, standardized diagnostic criteria for
early CTE detection, and consistent treatment standards.
Moving forward, equal emphasis must be placed on both
improving protective equipment and strengthening the
medical frameworks that support athlete safety.
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