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Background

Concerns over concussions and chronic traumatic encephalopathy (CTE) in football have
grown significantly in recent years, raising critical questions about player safety and long-term
health risks (Reynolds, 2023). Repeated head impacts, even those that do not result in immediate
symptoms, have been linked to severe cognitive decline, memory loss, and neurological
disorders. One of the most well-known cases is that of former National Football League (NFL)
player Mike Webster, whose struggles with depression, dementia, and cognitive impairment after
years of repeated head trauma shed light on the devastating effects of CTE (Hollin, 2021). His
case, along with those of many other retired football players, has intensified efforts to improve
safety standards in the sport. As research continues to uncover the long-term consequences of
traumatic brain injuries (TBIs), the urgency for better protective equipment and stricter safety

regulations has become more apparent.

Modern football helmets are designed to mitigate the effects of two primary types of
impacts: linear and rotational. Linear impacts occur when a direct blow to the head causes the
brain to move within the skull, while rotational impacts involve twisting forces that can lead to
more severe brain injuries. Studies have shown that rotational forces play a significant role in
concussions and CTE development, yet many current helmet designs and testing standards do not
adequately address these forces (Chawla, 2023). Over the years, helmet technology has evolved
to include advanced materials and energy-absorbing structures, but limitations in current testing
methodologies remain a barrier to further innovation. As a result, researchers and manufacturers
are exploring new evaluation techniques that better simulate real-world impact scenarios,

ensuring that helmets provide optimal protection.



The role of regulatory bodies such as the NFL, National Collegiate Athletic Association
(NCAA), and National Operating Committee on Standards for Athletic Equipment (NOCSAE) is
crucial in shaping helmet safety standards. These organizations establish guidelines for helmet
certification and testing, yet gaps in current regulations highlight the need for more
comprehensive impact simulations and real-world testing conditions. While recent rule changes
have emphasized player safety, regulatory frameworks must continue evolving to keep pace with
advancements in helmet technology and medical research. The integration of innovative testing
devices and new evaluation protocols has the potential to drive significant improvements in

player protection.

This study seeks to answer the central research question: How have regulatory changes
influenced helmet design and safety standards in football? To address this, the research examines
the historical development of helmet safety regulations, assesses the impact of rule changes on
helmet design and testing, and investigates how medical research and safety organizations
contribute to industry standards. Additionally, this study applies the science, technology, and
society (STS) concepts of reach or scope, embeddedness, and built on installed base, drawn from
Susan Leigh Star’s framework The Ethnography of Infrastructure, to analyze the interplay
between technological innovation and regulatory policies. These concepts highlight how safety
advancements must integrate with existing institutional and regulatory frameworks to be

effectively implemented.

By exploring the evolution of helmet technology alongside regulatory changes, this study
aims to provide a comprehensive understanding of how safety standards in football have
developed and where they need further improvement. A deeper examination of these factors can

offer valuable insights into enhancing player protection and reducing the long-term risks



associated with head injuries in football. Understanding the relationship between technological
advancements and regulation is essential for ensuring that safety standards continue to evolve,

ultimately promoting a safer playing environment for athletes at all levels.

Context

This paper explores the relationship between regulatory changes and helmet design
improvements in the NFL, emphasizing how safety standards have evolved in response to
growing concerns about player health. The next section explores the historical development of
football helmets through the lens of “embeddedness,” “built on installed base,” and “reach or
scope,” highlighting key advancements in materials, safety protocols, and regulatory changes
that have shaped modern helmet technology. Next, the research methods section outlines the
approach taken to analyze policy documents, helmet testing standards, and industry reports,
grounding the study in the STS concepts of “embeddedness,” “built on installed base,” and
“reach or scope.” The findings section then examines how rule modifications and safety
mandates have driven innovation in helmet technology while also addressing the limitations of
current evaluation methods. Finally, the conclusion summarizes the study’s key insights,
discusses broader implications for player protection, and proposes future directions for

advancing helmet safety through improved testing and regulatory alignment.

Historical Development of Helmet Safety



The evolution of football helmets has been deeply shaped by three critical factors:
embeddedness, built on installed base, and reach or scope. These characteristics have influenced
the continuous advancements in helmet technology, safety regulations, and medical research,
ensuring that player protection evolves in response to both historical foundations and emerging

knowledge.

In the early days of football, before the 1950s, helmets were made of leather with little to
no standardized safety measures. Their primary function was to prevent skull fractures, but they
offered minimal protection against concussive forces (Stamp, 2012). The limited effectiveness of
these leather helmets highlighted the need for better protective solutions. The introduction of
plastic helmets in the 1950s marked a significant turning point, as these hard-shell designs
provided improved durability and impact resistance. However, despite these advancements, the
issue of concussion mitigation remained largely unaddressed. This demonstrates the concept of
built on installed base, as each new development had to work within existing constraints, such as

player expectations, manufacturing processes, and game regulations (Dymek, 2021).

By the 1980s and 1990s, major innovations began to emerge, incorporating
energy-absorbing materials and improved padding to reduce linear impact forces (Bailey, 2021).
These advancements were embedded within the broader football infrastructure, reflecting the
principle of embeddedness—where changes in helmet design were influenced by evolving
scientific research, player safety concerns, and league policies. Helmets were no longer just

protective gear but became integral to discussions about concussion prevention and sports safety.

In recent years, helmet technology has continued to evolve, with the development of

sensor-integrated helmets that provide real-time impact data. These innovations demonstrate



reach or scope, as they extend beyond just physical protection and into data-driven safety
measures. Soft-shell helmet designs, aimed at reducing rotational forces associated with brain
injuries, have also gained traction, reflecting a growing understanding of the biomechanics of
head trauma. These modern advancements highlight how football helmet development has
expanded its influence beyond just the sport, contributing to broader discussions on head injury

prevention in other contact sports and military applications.

The NFL has played a key role in shaping helmet safety regulations, reinforcing the idea
of built on installed base by gradually adapting rule changes and equipment standards rather than
overhauling them all at once. The introduction of penalties for dangerous tackles and stricter
concussion protocols have been pivotal in promoting safer play. High-profile concussion-related
lawsuits, such as the NFL Concussion Settlement, have pressured the league to implement
stricter safety measures (Ezell, 2013). These legal and policy-driven changes are embedded
within the larger structure of professional sports, medical ethics, and public health concerns,

reinforcing how embeddedness shapes helmet safety advancements.

Collaborations between the NFL, researchers, and helmet manufacturers have further
driven innovation, demonstrating reach or scope as helmet development now involves
multidisciplinary expertise. Programs like the NFL Helmet Challenge and grants for advanced
protective gear have led to new testing methodologies and state-of-the-art technologies. These
partnerships highlight how modern helmet advancements have extended their influence beyond

football, benefiting industries concerned with head injury prevention.

Medical and safety organizations have also played a crucial role in the evolution of

helmet standards. Research on concussion mechanisms and brain injury recovery has



significantly impacted design priorities, pushing manufacturers to develop helmets that better
address both linear and rotational impacts. This process reflects built on installed base, as new
helmet models must align with existing safety standards and player preferences while
incorporating cutting-edge materials. Organizations such as the Centers for Disease Control and
Prevention (CDC), NCAA, and the National Operating Committee on Standards for Athletic
Equipment (NOCSAE) have helped establish certification protocols and influence rule changes
based on scientific evidence, reinforcing the concept of embeddedness in helmet regulations

(NOCSAE, 2019).

The ongoing collaboration between medical researchers, regulatory bodies, and helmet
manufacturers ensures that helmet technology continues to evolve. The focus on rotational
impact protection in recent years demonstrates how scientific findings have expanded their reach
into design considerations, resulting in helmets that provide better protection against
concussions. These developments highlight how the infrastructure of helmet safety is not static
but constantly shaped by the interplay of technology, medical research, and regulatory efforts. As
the industry continues to innovate, the principles of embeddedness, built on installed base, and

reach or scope will remain essential in guiding the future of football helmet safety.

Research and Methods

This research investigates how innovations in helmet design have influenced safety
standards in the NFL. By examining historical documents such as NFL safety reports, press
releases, and media articles, this study will analyze the relationship between helmet design

changes and the evolution of safety regulations in the league.



The primary data sources for this research include NFL safety reports, which outline
updates to helmet design and safety policies, and press releases, which provide insights into the
NFL's official stance on player protection. These documents track the introduction of new helmet
technologies and the regulatory measures that followed, offering a detailed view of how the

league has adapted its policies over time.

In addition to official reports, media articles will be reviewed to gauge public and
industry reactions to new helmet innovations. These sources highlight the societal impact of
design changes and help contextualize the role of media in shaping perceptions of player safety

and regulatory action.

Finally, historical helmet design documents will provide a timeline of technological
milestones in NFL helmets, from material advancements to design modifications. By analyzing
these records, I will connect key changes in helmet design with corresponding regulatory

updates, identifying trends and assessing how innovations have shaped current safety standards.

The analytical approach centers on historical analysis, linking helmet design
advancements with safety regulation shifts. This study will identify the drivers behind design
changes and evaluate their influence on safety policies, providing recommendations for future

improvements in helmet design and player protection.

Findings

A. Impact of Rule Changes on Helmet Design



The NFL’s recent rule changes have had a profound effect on helmet design, reflecting
the league’s increasing awareness of player safety. A key example of this influence is the NFL's
adoption of new concussion protocols, including the implementation of mandatory helmet
assessments before and after games. These rule changes are not standalone but are deeply
embedded in an evolving safety infrastructure. They draw on decades of research and
development efforts that have laid the groundwork for today’s innovations. Historically, the rules
governing helmet usage were simple and focused primarily on injury prevention in high-impact
collisions. However, as our understanding of concussions and traumatic brain injuries (TBI) has

deepened, these regulations have evolved to prioritize multi-directional impact mitigation.

For example, the NFL recently moved away from static, linear drop testing, which was
embedded in earlier testing protocols, and toward more dynamic, multi-directional testing
methods (Biocore, 2019). These changes, however, still rely on the installed base of older
technologies, such as the standard use of polycarbonate shells, foams, and basic impact cushions.
The industry's reluctance to fully embrace advanced testing techniques that account for rotational
and angular impacts is a sign that the installed base remains influential in the design and

certification of helmets.

The reach or scope of these innovations has expanded significantly beyond the NFL,
spilling over into college, high school, and youth football leagues. Technology originally
developed for professional athletes is now being adapted for younger players, further broadening

the application and importance of these innovations in player safety across all levels of the sport.

Table 1: Evolution of Helmet Design and NFL Rule Changes (NFL, n.d)



Year

1920

1943

1971

1995

10

Rule Change / Event

Leather helmets

mandatory

Helmets made

mandatory

Introduction of
concussion studies

in the NFL

Introduction of

facemasks

Embeddedness / Installed Base

Considerations

Initially based on basic head
protection, no focus on impact

resistance

Transition from leather to hard

plastic shells

Build upon earlier crash testing

and basic helmet designs

Developed as a result of player
safety needs and injury

prevention

10

Innovation / Scope

Start of standardized helmet

use in the NFL

Introduction of plastic and

early padding technologies

Emergence of internal
padding and basic impact

absorption methods

Standardization of

facemasks across leagues



2002  NFL bans spearing

2013 Banon
helmet-to-helmet
hits

2018 Helmet Challenge
initiative

Shift from basic protective
designs to more

safety-conscious models

Embedded in player safety
culture; increased focus on risk

reduction

Built on the NFL's existing
concussion data; incorporates

cutting-edge technology

11

Introduction of
energy-absorbing foams and

faceguard enhancements

Smart helmets with
concussion sensors, use of

advanced materials

Expanded scope to all levels
of football, not just NFL

players

B. Limitations in Current Testing and Certification Standards

Despite the NFL's ongoing efforts to improve helmet safety, existing testing methods still

face significant limitations. A major shortcoming is that many current tests—such as the standard

linear drop test—focus primarily on direct, linear impacts. This approach is increasingly out of

sync with the reality of modern football, where collisions involve complex, multi-directional

forces, including rotational and angular impacts. While newer testing protocols like the rotational

force testing, introduced by groups such as Virginia Tech’s Helmet Lab, are an improvement,

they are not yet fully embedded in the NFL's certification process (Virginia Tech Helmet Lab,

2019).

11
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Embeddedness is clearly visible in the way current protocols still rely on older methods
that were designed when concussion awareness was much lower. These traditional standards
continue to shape both industry practices and helmet design, often slowing down the
incorporation of cutting-edge safety technologies. The installed base of linear drop tests has been
slow to evolve into something more comprehensive, due to resistance from both manufacturers
and regulatory bodies, who are hesitant to replace established testing methods that have been in

use for decades.

Another issue is the cost and complexity of implementing more sophisticated testing
methods. While the newer protocols are widely recognized as more reflective of real-world
collision dynamics, the reach or scope of these testing methods is still limited, primarily used in
independent testing environments rather than as part of the NFL's official certification process
(Hester et al., n.d). As a result, helmet manufacturers continue to test their products using
outdated methods, which fails to capture the full range of forces that helmets must withstand

during an actual game.

Table 2: Testing Methods and Their Limitations

Testing Method Embeddedness Reach / Scope of Limitations

Considerations Evaluation

Linear Drop Test  Standardized since the Limited to linear forces;  Does not account for
1970s broadly applied but not rotational or angular

comprehensive impacts

12



Rotational Impact

Testing

Smart Helmet

Sensors

Biomechanical
Simulation

Models

Finite Element

Analysis (FEA)

Built on more recent
biomechanical

research

Emerging technology
within concussion

research

Integration of
established
biomechanical

principles

Built on earlier
material science and

engineering principles

Gradually adopted by
manufacturers and

third-party labs

Scope could extend
across all levels of
football, but not

universally implemented

Broad potential reach
across all sports and

injury scenarios

Could be implemented at
the professional level,

but costly for general use

C. Future Implications for Policy and Safety Standards

13

13

Not yet embedded in
all official
certification

programs

High cost, logistical
challenges in data

collection

Still under
development,
validation and
widespread

application

Time-consuming,
expensive for

large-scale use
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Looking ahead, the future of football helmet safety lies in further integration of advanced
technologies like Al-driven impact simulation, biomechanics, and smart sensors. These
innovations are embedded within the continued development of concussion prevention, directly
influencing policy decisions in the NFL and other governing bodies. Research initiatives such as
the NFL’s Helmet Challenge, which provides funding for helmet safety technology development,
aim to create helmets that not only protect players better but also provide real-time data on the

impacts players experience (NFL, 2021).

These future technologies are built on the installed base of existing helmet materials and
safety standards but represent a significant leap forward. As these technologies mature, their
reach or scope will likely expand beyond professional football. Smart helmets, for example,
could become the standard not only in professional leagues but also in collegiate, high school,

and even youth football, as concerns about concussions continue to grow.

At the policy level, there is already momentum towards adopting more sophisticated
testing methods, including the use of advanced simulation models that incorporate
multi-directional impacts. In particular, Al-powered simulations could vastly improve helmet
design by predicting the outcomes of various impact scenarios (Varanges et al., 2025). As a
result, policies governing helmet certification will likely evolve to include these advanced testing

technologies, leading to better helmets for players at all levels of the sport.

Discussion

14
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The findings highlight how NFL helmet design and certification have evolved due to
increasing concerns over player safety and concussion-related injuries. Initially, helmet testing
focused primarily on linear impact resistance, but as research uncovered the dangers of rotational
forces, the NFL began incorporating more advanced testing methods. Despite these
advancements, older technologies and testing methods remain embedded within the system,
slowing down the adoption of more effective safety measures. The persistence of traditional
testing protocols, like the linear drop test, continues to shape helmet design and certification

Processces.

Helmet safety innovations have expanded beyond the NFL, influencing helmet standards
at the collegiate and youth levels. Technologies like smart helmets and Al-based impact
simulations are starting to reach a wider audience, indicating that the scope of these innovations
is growing. These developments reflect the increasing awareness of concussion risks across all
levels of football, providing the potential for more personalized safety solutions. As these
technologies gain traction, they promise significant improvements in player protection and injury

prevention.

However, challenges remain in fully implementing these innovations. The reliance on
older materials and testing standards limits the effectiveness of new technologies, as the installed
base of traditional helmet designs influences the certification process. While new innovations
offer promising safety improvements, the slow pace of change within the industry highlights the
difficulty of transitioning to more advanced solutions. Overcoming these barriers will be

essential for ensuring that helmets provide optimal protection for players at all levels.

15
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Conclusion

This study underscores the vital role of helmet design advancements in reducing head
injuries in football, particularly within the NFL, where player safety remains a pressing concern.
While innovations such as smart helmets and rotational impact mitigation technologies have
demonstrated significant potential, their widespread adoption has been constrained by long
standing industry practices and an entrenched reliance on traditional safety standards. The
regulatory framework, built on an installed base of legacy testing methods, has struggled to keep
pace with emerging technologies, creating a gap between innovation and implementation.
Additionally, the embeddedness of conventional helmet designs within manufacturing, coaching,
and player preferences further complicates efforts to introduce new safety measures. However, as
the reach and scope of modern technologies expand and research continues to reveal the
long-term risks of head trauma, the urgency for reform becomes increasingly evident. To bridge
this gap, the industry must prioritize updating testing protocols to better reflect real-world game
conditions, accelerate regulatory adaptations, and encourage collaboration between engineers,
medical experts, and governing bodies. By embracing these changes, the NFL and other football
organizations can move beyond incremental improvements, setting a new benchmark for safety
that not only protects players at the professional level but also reshapes helmet standards across

all levels of the sport.
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