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It will likely not be news to this audience that, for much

of the 21st century, sports have been in the midst of a

“concussion crisis” (e.g., Carroll & Rosner, 2012;

Malcolm, 2020; Nowinski, 2007). This crisis has a number

of constituent parts, including an increasing concern

with the acute effects of brain injury. Nonetheless, the

links between brain trauma and neurodegenerative

disease—most prominently an Alzheimer's-like dementia

known as Chronic Traumatic Encephalopathy, or CTE—

holds center-stage.

Indeed, a 2020 article in the Washington Post

described the link between dementia and concussion as:

the most important sports story of the 21st

century… [C]oncerns about CTE have

inspired a global revolution in concussion

safety and fueled an ongoing existential crisis

for American's most popular sport.

(Hobson, 2020)

And while, as this quote suggests, attention has often

centered upon American football, concussion is pre-

sented in popular media as offering a threat across a mul-

titude of sports, including Australian rules football

(Belson, 2019), bobsled (Futterman, 2020), boxing

(Dixon, 2021), bull riding (King, 2024), cricket

(Forsaith, 2019), cycling (Warwick, 2021), equestrianism

(Finley, 2023), ice hockey (Searing, 2023), mixed martial

arts (Gross, 2020), motor sport (PA News Agency, 2022),

Olympic diving (Wharton, 2021), professional wrestling

(Collins, 2021), rugby league (Pengilly, 2019), rugby

union (Peters, 2023), skeleton (Futterman, 2020), soccer

(Gill, 2022), sumo wrestling (McCurry, 2021), surfing

(Australian Associated Press, 2023), synchronized swim-

ming (Belson, 2016), volleyball (Hruby, 2020), and, I'm

sure, many others.

In fact, in the 2020s, it feels increasingly inappropriate

to talk about a concussion crisis in sport. In 2021, CTE was

posthumously diagnosed in a victim of domestic abuse

(Danielsen et al., 2021) and the risk of brain injury result-

ing from intimate partner violence is increasingly being

foregrounded (For historical and social scientific work on

the relationship between gender and brain injury see, for

example: Casper & O'Donnell, 2020; Henne, 2020). Fur-

thermore, and as I write, there is a renewed focus upon

the effects of brain injury suffered as part of military

activity—a focus which follows suggestions that an army

reservist who killed 18 people in a mass shooting may

have been exposed to as many as 10,000 blasts on a gre-

nade training range (Philipps, 2023).

Given this cultural milieu, it is unsurprising to see a

vast, interdisciplinary body of science developing that

aims to better understand the links between brain trauma

and neurodegenerative disease. It is similarly unsurpris-

ing that some of these scientists aim to achieve insight

through the use of animal modeling. I am a sociologist of

science, and my research involves observing laboratory

work and speaking to scientists about their own research.

For several years I have worked with scientists exploring

the relationship between traumatic brain injury and
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neurodegenerative disease, including a number who

engage in various forms of animal modeling.

There is nothing new in the idea that we can study

both neurodegenerative disease and traumatic brain

injury through animal modeling. In the case of the for-

mer we need only think of the various mouse models of

Alzheimer's Disease; in the case of the latter we can go

back to studies on automotive safety that have long

involved pigs, baboons, and various other species

(e.g., Mertz et al., 1982). (Or simply peruse the abstracts

for the latest Society for Neuroscience conference.) None-

theless, when one speaks to animal modelers or goes into

their laboratories, there is a distinct sense that when it

comes to animal modeling and the long-term effects of

brain injury, we are dealing with a nascent research area

in which comparatively little is known and a great deal

remains uncertain. In the rest of this commentary, I take

these claims of newness and uncertainty seriously, and

(re)pose three questions which, based upon my work,

researchers ask most frequently and, in turn, seek to

answer. My hope is that, first, scientists will recognize

these questions from their own lab' discussions and, sec-

ond, that posing these questions in a clear and public

forum will contribute to a healthy debate about the

nature of research in this area.

1 | QUESTION 1: WHAT MAKES A
GOOD MODEL OF CTE AND WHY?

One obvious concern within the field is that there may be

divergent views, and significant uncertainty, over what

constitutes a “good” animal model of CTE. For many

researchers, the species of choice are those most com-

monly used within laboratory settings, most notably mice

and rats. There are a host of both pragmatic and episte-

mological reasons why these species appeal. Pragmati-

cally, they are small, relatively cheap, and have well

established care guidelines. Epistemologically, the species

are well known both biologically and socially, so an

exploration of experimentally-induced change is easier to

conduct. The widespread availability of transgenetic ani-

mals provides another level of experimental control (Ojo

et al., 2013). These species are examples of what Hans-

Jörg Rheinberger calls “technical objects”

(Rheinberger, 1997, p. 29)—they are sufficiently well

known that they act as an instrument of knowledge,

allowing the effects of intervention to present themselves

relatively clearly.

For other researchers, however, no amount of cer-

tainty makes up for the fact that many frequently used

animal models are profoundly flawed. Chronic traumatic

encephalopathy, for example, is definitionally defined by

tau depositions at the depth of the sulci (Bieniek

et al., 2021). Given that mice and rats are smooth brai-

ned, however, we appear to have a fairly fundamental

problem. For some of the researchers to whom I've spo-

ken this is a fairly minor matter: rats and mice don't

enjoy the taste of alcohol, either, and yet they're fre-

quently used to model alcoholism (Nelson, 2018, p. 145).

Primates don't get Parkinson's Disease, and yet they are

still used to model it (Giraud, 2019, p. 108). For other

researchers, the neuroanatomy of these murine species

makes them next to useless.

Scholars who, for one reason or another, reject the

use of these standardized animal models frequently turn

to the use of novel or unusual species in their work

(Ackermans et al., 2021): we see a number of these spe-

cies drawn upon in this special collection, in fact. When

non-standardized species are utilized, a whole different

set of issues emerge. Some researchers, for example, use

ferrets: these are gyrencephalitic animals, they're small,

and these researchers describe them as an obvious

improvement over mice and rats from a neuroanatomical

point of view, and over sheep and pigs from an animal

husbandry point of view. But these same researchers also

describe a great deal of uncertainty about whether the

behavioral tests designed for mice and rats—certain

mazes, for example—are in any way appropriate with fer-

rets. How do we know if a ferret is “anxious”? Do ferrets

exhibit anxiety in the same way as a rat? Probably not.

There may be, then, a need to reimagine a whole suite of

behavioral tests.

Other scholars turn to more naturalistic models. An

increasing amount of scientific and popular attention has

turned towards woodpeckers as an animal model for

CTE, for example (Hollin, 2022). Other than the fairly

obvious fact that woodpeckers hit their heads a lot, it is

still unclear what exactly it is that woodpeckers are taken

to model. Is a woodpecker interesting because it has

evolved a number of protective mechanisms and there-

fore doesn't develop any CTE-adjacent neurodegenerative

disease, or is it interesting for precisely the opposite rea-

son, because it does suffer brain injury and therefore

offers the opportunity to study the long-term effects of

trauma acquired naturally and, perhaps, in a less ethi-

cally fraught manner? The woodpecker has, returning to

Rheinberger, an “irreducible vagueness” that embodies

“what one does not know” (Rheinberger, 1997, p. 28) and

this means that a whole lot of work will need to go into

describing woodpeckers (and/or ferrets) before we are

able to use them to study CTE. And for critics, it will sim-

ply never be possible to study the number of wood-

peckers necessary to obtain the levels of statistical power

needed to answer core questions (or match the insights

arising from standardized species).
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Historians and philosophers of science have long

debated the superior approach to selecting model organ-

isms. Some stress the need for a species to be extensively

described prior to transformative insight (Ankeny, 2001).

Others stress the value of pluralism and cross-fertilization

(Longino, 2013). Resolving these differences may never

be possible, but dialogue and a sense of where others are

coming from remains hugely important.

2 | QUESTION 2: WHAT ARE WE
EVEN MODELING?

A second question concerns what, exactly, animals are

taken to model. It does not escape the notice of scientists

in this area that, approximately once every 15 minutes,

there is a new consensus conference intended to bring

people together so that we might agree what it is that

we're all talking about. We have, for example, the Con-

cussion In Sport Group's quadrennial consensus

conference—the most recent of which occurred in 2022

(Patricios et al., 2023)—in which panelists seek to clarify,

amongst other things, the definition of concussion and

the long term effects of brain trauma. We have the

National Institute of Neurological Disorders and Stroke

(NINDS)/National Institute of Biomedical Imaging and

Bioengineering (NIBIB) consensus statement into the

neuropathological criteria for CTE, the second iteration

of which was published in 2021 (Bieniek et al., 2021). We

have the NINDS consensus criteria for traumatic enceph-

alopathy syndrome, or TES, which is the clinical manifes-

tation of CTE (Katz et al., 2021). I have no doubt that

there are many others.

These consensus statements often differ considerably

from each other, and there is an increasing suspicion that

definitions may be becoming siloed within disciplines.

Dominic Malcolm, for example, has observed an increas-

ing tendency on the part of the Concussion In Sport

Group to distinguish between “sports-related concus-

sions” (often abbreviated to “SRCs”) on the one hand,

and concussions that result from other forms of activity,

on the other. Malcolm (2020, p. 39) suggests that this

demarcation may need to be understood as a response to

an increasingly fractious relationship between sports sci-

entists and neuroscientists, with the former coining the

term “SRC” in order to assert a domain of expertise. It is

perhaps unsurprising, therefore, that Concussion In Sport

Group consensus statements have, first, been critiqued

for failing to represent a consensus and, second, that

these critiques are often shouted from across a disciplin-

ary divide. Neuropathologist Willie Stewart, a co-author

on the NINDS/NIBIB definition of CTE, has, for example,

been openly critical of the Concussion in Sport Group

(Belson, 2022) while other prominent researchers have

also elected to ignore their consensus conferences

(Bull, 2022). At the same time, those who have not been

invited to contribute to the NINDS/NIBIB definition,

notably Bennet Omalu, have been critical of that process

and the resulting definitions (Hammers & Omalu, 2021;

Omalu, 2020). I have also spoken to some researchers

who feel incredibly confident that they are able to clini-

cally diagnosis traumatic encephalopathy syndrome and

are happy to say that a patient has “probable CTE”; I

speak to others who say that this is essentially impossi-

ble; that the diagnostic criteria for traumatic encephalop-

athy syndrome lack sensitivity and specificity; and that

we really know next to nothing about the clinical mani-

festations of CTE.

In many ways, these debates happen at quite some

distance from the animal modeling community: consen-

sus committees tend, after all, to exclude all research on

non-human animals when coming to their definitions.

Nonetheless, there is a pervasive sense of a moving and

diffuse target here. It is clearly important to know what

one is modeling, and a sense of working upon shifting

sands, necessarily, makes animal research in this area all

the harder.

These are not problems unique to the study of brain

injury. The writing of contentious consensus making pro-

cedures such as the Diagnostic and Statistical Manual for

Mental Disorders and the Intergovenmental Panel on Cli-

mate Change have been extensively considered (see, for

example, Adler & Hirsch Hadorn, 2014 for a consider-

ation of the IPCC; and Pickersgill, 2012, 2024 for a con-

sideration of the DSM). There is not necessarily a need to

reinvent the wheel here, but there is, perhaps, a need

to get under the hood in order to understand the type of

machine we're building.

3 | QUESTION 3: WHAT
CONSTITUTES AN ETHICAL
RESEARCH STUDY?

A final area that requires careful consideration concerns

the constitution of ethical conduct in relation to the ani-

mal modeling of neurodegenerative disease. Rather than

re-litigate any overarching questions about the ethics of

animal experimentation, I here want to focus upon two

very particular, if quite different, issues that face

researchers in this area.

First, while there has been, understandably, a good

deal of attention paid to how research is funded

(e.g., Bachynski & Goldberg, 2018), broader questions

about how scholarship is positioned in relation to sport

remains open to question. Many scientists, of course,
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have a personal relationship with sport. Many

researchers play sport themselves, or parent children

who do. An even greater number are fans of one sport or

another. Furthermore, much research happens amidst

sport-obsessed communities, whether that be soccer in

the United Kingdom, football in the United States, or

rugby in Australasia. Particularly for academics working

in North America, it may also be the case that their home

institutions are deeply invested in collegiate athletics.

A number of scholars have argued that these forms of

engagement with sport, indeed any engagement with

sport, is ethically problematic. In an opinion piece for Sci-

entific American, for example, Jennifer Tsai and Michelle

Morse state that when “we watch and cheer [the NFL],

we willfully decide to ignore suffering” and subsequently

conclude that the failure of medics and researchers to

speak out against collision sport is “a form of sponsor-

ship” bound up with a history of medical “racism and

exploitation” (Tsai & Morse, 2020). At the same time, I

have been very struck by the number of scientists who,

unprompted and shortly after we have met, have gone

out of their way to tell me that they do not want to ban

sports. I have taken this oft-offered declaration to mean

that at least some researchers see an ethics in not taking

an overtly antagonistic position when it comes to sport,

to recognizing, in some way or another, that research

takes place in, and should take account of, communities

who enjoy sport. I do not have an answer to this issue

(and have numerous unresolved conflicts about my own

relationship with sport) but continue to think that an

explicit and open discussion is needed.

Second, there is a general sense that deliberately giv-

ing animals brain damage, particularly via blunt force

trauma, is highly troubling. The devices necessary for the

delivery of brain trauma, which often feature animals

strapped down and held onto a bed reminiscent, I some-

times think, of a dentist's chair, are undeniably startling.

For me, at least, they recall the apparatuses of Harry

Harlow and his work that, primatologist Alison Jolly

argued, operated at “the limits of ethically permissible

animal experimentation” (cited in: Haraway, 1992, p. 409).

I understand, and have a degree of sympathy with,

the argument that what I'm describing is an ethics based

on appearance. That things look bad, but they're not as

bad as they look. That, rationally speaking, it's hard to

see how this work is more troubling that any number of

other experiments—where animals are infected with dis-

eases, perhaps, or bred to get cancer—that differ mainly

in that they are less visceral.

But appearances do matter, and I've noted that neuro-

scientists, too, seem to be acutely aware of the ethics of their

investigation. Conference presentations have proven to be a

particular site of interest for seeing how these ethical

debates play out in discussions between neuroscientists.

Indeed, and on several occasions, I have seen a slightly

unusual scene in these settings. First, the speaker will detail

their experimental apparatus and procedure. This detailing

will often be followed by looks of apparent horror from col-

leagues in the audience who are unfamiliar with experi-

ments of this type. Possibly pre-empting any questions that

these colleagues might have, the speaker will then clarify

that the animals had been rendered unconscious prior to

the experiment. In response to this revelation, another (usu-

ally more senior) colleague will bemoan the fact that the

animal was unconscious, arguing that the psychological

consequences of experiencing blunt-force trauma is an

important thing to be modeled. The speaker will then

absolve themselves of this decision by blaming it entirely on

some university ethical review board who mandated that

the animals needed to be anesthetized. The speaker, thus,

sidesteps an ethical argument by demonstrating an aware-

ness of the controversial nature of this research and their

own ethical sensitivity, before sidestepping an epistemologi-

cal argument by blaming an ethics board.

Again, I have a lot of sympathy with researchers in

this situation. On the one hand, all available evidence

suggests that the overwhelming majority of those

involved in animal experimentation, and who spend sig-

nificant amounts of time in close proximity to the ani-

mals, care deeply about those animals (e.g., Greenhough

& Roe, 2011). One the other, one is also expected to rec-

ognize that there are scientific norms about a relentless

search for the truth. Nonetheless, I do not find this to be

a particularly satisfying place to end. It is increasingly

recognized that questions of ethics are intimately

entangled with questions of epistemics: how one knows

is directly related to what one knows (Barad, 2007). An

explicit conversation about what ethical animal experi-

mentation should look like, in the context of traumatic

brain injury and neurodegenerative disease in particular,

continues to be a foundational question in need of fur-

ther discussion.

In this commentary, I have posed three questions—

“What makes a good model of CTE and why?”; “What

are we modelling?”, and “What constitutes ethical

research?”—that I have heard frequently in my discus-

sions with researchers studying traumatic brain injury

and neurodegenerative disease. My hope is that readers

will see the relevance of these questions when reading

the rest of this special issue and, perhaps, recognize them

from their own work. As this special issue shows, this is

still a nascent field of research and there is thus the

opportunity to imagine things differently, to make clear-

eyed decisions about what the future of the field will look

like. Having hard discussions about difficult questions

will, I think, be key to this work.

4 COMMENTARY

 1
9

3
2

8
4

9
4

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://an
ato

m
y

p
u

b
s.o

n
lin

elib
rary

.w
iley

.co
m

/d
o

i/1
0

.1
0

0
2

/ar.2
5

4
6

5
 b

y
 T

est, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [2
7

/0
5

/2
0

2
4

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d

-co
n

d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



AUTHOR CONTRIBUTIONS

Gregory Hollin: Conceptualization; data curation;

formal analysis; funding acquisition; investigation;

methodology; project administration; resources; writing –

original draft; writing – review and editing.

ACKNOWLEDGMENTS

My ongoing work has been made possible by a Wellcome

University Award in Humanities and Social Science,

awarded by The Wellcome Trust (2022-2027, grant refer-

ence: 222157/Z/20/Z). For the purpose of Open Access, I

have applied a CC BY public copyright license to any

Author Accepted Manuscript version arising from this

submission. The proposed research for this project was

reviewed and given a favorable opinion by an ethics com-

mittee at The University of Sheffield (13 April 2022). Par-

ticipants can ask for their data to be withdrawn until the

project concludes and anonymized data from consenting

participants will be made available after this point. This

particular commentary arose from the session “Traumatic

Brain Injury: Not Just for Humans” which was organized

by Nicole Ackermans and which took place on the 29 July

2023 as part of the International Congress of Vertebrate

Morphology conference in Cairns, Australia. I thank

Nicole for inviting me to this conference and the Depart-

ment of Sociological Studies at The University of Sheffield

for providing financial support for my attendance.

ORCID

Gregory Hollin https://orcid.org/0000-0003-4348-8272

REFERENCES

Ackermans, N. L., Varghese, M., Wicinski, B., Torres, J., De

Gasperi, R., Pryor, D., Elder, G. A., Gama Sosa, M. A.,

Reidenberg, J. S., Williams, T. M., & Hof, P. R. (2021). Uncon-

ventional animal models for traumatic brain injury and chronic

traumatic encephalopathy. Journal of Neuroscience Research,

99(10), 2463–2477. https://doi.org/10.1002/jnr.24920

Adler, C. E., & Hirsch Hadorn, G. (2014). The IPCC and treatment

of uncertainties: Topics and sources of dissensus. WIREs Cli-

mate Change, 5(5), 663–676. https://doi.org/10.1002/wcc.297

Ankeny, R. A. (2001). The natural history of Caenorhabditis elegans

research. Nature Reviews Genetics, 2(6), 474–479. https://doi.

org/10.1038/35076538

Australian Associated Press. (2023). Owen Wright to retire from

competitive surfing due to history of concussions. The

Guardian. https://www.theguardian.com/sport/2023/mar/22/

owen-wright-to-retire-from-competitive-surfing-due-to-history-

of-concussions?CMP=Share_AndroidApp_Other

Bachynski, K. E., & Goldberg, D. S. (2018). Time out: NFL conflicts

of interest with public health efforts to prevent TBI. Injury Pre-

vention, 24(3), 180–184.

Barad, K. (2007). Meeting the universe Halfway: Quantum physics

and the entanglement of matter and meaning. Duke University

Press.

Belson, K. (2016). Synchronized swimmers find danger lurking

below surface: Concussions. The New York Times, 7.

Belson, K. (2019). The concussion crisis in Australian rules football.

The New York Times, 1.

Belson, K. (2022). Scientists say concussions can cause a brain dis-

ease. These doctors disagree. The New York Times, 8.

Bieniek, K. F., Cairns, N. J., Crary, J. F., Dickson, D. W.,

Folkerth, R. D., Keene, C. D., Litvan, I., Perl, D. P., Stein, T. D.,

Vonsattel, J.-P., Stewart, W., Dams-O'Connor, K., Gordon, W. A.,

Tripodis, Y., Alvarez, V. E., Mez, J., Alosco, M. L.,

McKee, A. C., & the TBI/CTE Research Group. (2021). The sec-

ond NINDS/NIBIB consensus meeting to define neuropathologi-

cal criteria for the diagnosis of chronic traumatic

encephalopathy. Journal of Neuropathology & Experimental Neu-

rology, 80(3), 210–219. https://doi.org/10.1093/jnen/nlab001

Bull, A. (2022). A new consensus: Change in the air as concussion

conference begins. The Guardian https://www.theguardian.

com/sport/2022/oct/27/international-consensus-concussion-co

nference-amsterdam?CMP=Share_AndroidApp_Other

Carroll, L., & Rosner, D. (2012). The concussion crisis: Anatomy of a

silent epidemic. Simon & Schuster.

Casper, S. T., & O'Donnell, K. (2020). The punch-drunk boxer and

the battered wife: Gender and brain injury research. Social Sci-

ence & Medicine, 245, 112688. https://doi.org/10.1016/j.

socscimed.2019.112688

Collins, D. (2021). Former WWE wrestlers take brain damage case to

supreme court. Associated Press. https://apnews.com/article/

nfl-head-injuries-nhl-lawsuits-football-5651a801cf0d0324cc5bc3

b8367c4859

Danielsen, T., Hauch, C., Kelly, L., & White, C. L. (2021). Chronic

traumatic encephalopathy (CTE)-type neuropathology in a

young victim of domestic abuse. Journal of Neuropathology &

Experimental Neurology, nlab015, 624–627. https://doi.org/10.

1093/jnen/nlab015

Dixon, T. (2021). Damage: The untold story of brain trauma in box-

ing. Hamilcar Publications.

Finley, B. (2023). Did Alex Canachari suffer from CTE? Thorough-

bred Daily News. https://www.thoroughbreddailynews.com/

did-alex-canchari-suffer-from-cte/

Forsaith, R. (2019). ‘Athletes are in this together’: Cricketers urged to

make brain pledge. Sydney Morning Herald. https://www.smh.

com.au/sport/cricket/athletes-are-in-this-together-cricketers-ur

ged-to-make-brain-pledge-20190809-p52fig.html

Futterman, M. (2020). Sledhead: Sledding athlees are taking their

lives. Did brain-rattling rides and high speed crashes damage

their brains? The New York Times, 1.

Gill, K. (2022). The beautiful game and the ugly truth. Pitch

Publishing.

Giraud, E. H. (2019). What comes after entanglement: Activism,

anthropocentrism, and an ethics of exclusion. Duke University

Press.

Greenhough, B., & Roe, E. (2011). Ethics, space, and somatic sensi-

bilities: Comparing relationships between scientific researchers

and their human and animal experimental subjects. Environ-

ment and Planning D: Society and Space, 29(1), 47–66. https://

doi.org/10.1068/d17109

Gross, J. (2020). For many MMA fighers, CTE fears are already a

reality. The Athletic https://theathletic.co.uk/1854544/2020/06/

04/mma-fighters-brain-health-cte-is-reality/

COMMENTARY 5

 1
9

3
2

8
4

9
4

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://an
ato

m
y

p
u

b
s.o

n
lin

elib
rary

.w
iley

.co
m

/d
o

i/1
0

.1
0

0
2

/ar.2
5

4
6

5
 b

y
 T

est, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [2
7

/0
5

/2
0

2
4

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d

-co
n

d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



Hammers, J. L., & Omalu, B. L. (2021). To the editor. Journal of

Neuropathology & Experimental Neurology, 80(10), 1007–1008.

Haraway, D. (1992). Primate visions: Gender, race, and nature in the

world of modern science. Verso.

Henne, K. (2020). Brain politics: Gendered difference and traumatic

brain injury in sport. In Sociocultural Examinations of Sports

Concussions (pp. 151–169). Routledge.

Hobson, W. (2020). From scientist to salesman: How bennet

Omalu, doctor of ‘concussion’ fame, built a career on distorted

science. The Washington Post https://www.washingtonpost.

com/graphics/2020/sports/cte-bennet-omalu/

Hollin, G. (2022). Consider the woodpecker: The contested more-

than-human ethics of biomimetic technology and traumatic

brain injury. Social Studies of Science, 52(2), 149–173. https://

doi.org/10.1177/03063127211052513

Hruby, P. (2020). Volleyball star Hayley Hodson had it all, until

blows to her head changed everything. The Los Angeles Times

https://www.latimes.com/sports/story/2020-12-08/stanford-voll

eyball-hayley-hodson-concussions-cte-lawsuit

Katz, D. I., Bernick, C., Dodick, D. W., Mez, J., Mariani, M. L.,

Adler, C. H., Alosco, M. L., Balcer, L. J., Banks, S. J., Barr, W. B.,

Brody, D. L., Cantu, R. C., Dams-O'Connor, K., Geda, Y. E.,

Jordan, B. D., McAllister, T. W., Peskind, E. R., Petersen, R. C.,

Wethe, J. V., … Stern, R. A. (2021). National Institute of Neuro-

logical Disorders and Stroke consensus diagnostic criteria for

traumatic encephalopathy syndrome. Neurology, 96, 848–863.

https://doi.org/10.1212/WNL.0000000000011850

King, T. (2024). Dancing with bulls. Australian Broadcasting Corpo-

ration https://www.abc.net.au/news/2024-03-30/cowgirl-conc

ussion-bull-riding-pbr-rodeo-brain-bank/103628650

Longino, H. E. (2013). Studying human behavior: How scientists

investigate aggression and sexuality. Chicago University Press.

Malcolm, D. (2020). The concussion crisis in sport. Routledge.

McCurry, J. (2021). Conservative world of sumo slow to take action

on concussion. The Guardian https://www.theguardian.com/

sport/2021/feb/06/conservative-world-of-sumo-slow-to-take-act

ion-on-concussion

Mertz, H. J., Driscoll, G. D., Lennox, J. B., Nyquist, G. W., &

Weber, D. A. (1982). Responses of animals exposed to deploy-

ment of various passenger inflatable restraint system concepts

for a variety of collision severities and animal positions. Pro-

ceedings of the Ninth International Technical Conference on

Experimental Safety Vehicles, 1–4.

Nelson, N. C. (2018). Model behavior: Animal experiments,

complexity, and the genetics of psychiatric disorders. University

of Chicago Press.

Nowinski, C. (2007). Head games: Football's concussion crisis from

the NFL to youth leagues. (2011th ed.). Thought Leaders, LLC.

Ojo, J.-O., Mouzon, B., Greenberg, M. B., Bachmeier, C.,

Mullan, M., & Crawford, F. (2013). Repetitive mild traumatic

brain injury augments tau pathology and glial activation in aged

hTau mice. Journal of Neuropathology & Experimental Neurology,

72(2), 137–151. https://doi.org/10.1097/NEN.0b013e3182814cdf

Omalu, B. (2020). We are becoming a nation of lies. My response to

the Washington Post hit-piece on January 22, 2020. [Personal].

Linkedin. https://www.linkedin.com/pulse/we-becoming-

nation-lies-my-response-washington-post-hit-piece-omalu

PA News Agency. (2022). It's like heading heavy footballs—George

Russell calls for porpoising solution. The National. https://

www.thenational.scot/sport/uk-sport/20155414.like-heading-he

avy-footballs---george-russell-calls-porpoising-solution/

Patricios, J. S., Schneider, K. J., Dvorak, J., Ahmed, O. H.,

Blauwet, C., Cantu, R. C., Davis, G. A., Echemendia, R. J.,

Makdissi, M., McNamee, M., Broglio, S., Emery, C. A.,

Feddermann-Demont, N., Fuller, G. W., Giza, C. C.,

Guskiewicz, K. M., Hainline, B., Iverson, G. L., Kutcher, J. S., …

Meeuwisse, W. (2023). Consensus statement on concussion in

sport: The 6th international conference on concussion in sport–-

Amsterdam, October 2022. British Journal of Sports Medicine,

57(11), 695–711. https://doi.org/10.1136/bjsports-2023-106898

Pengilly, A. (2019). Rugby league rocked by first proof of former

players with CTE. The Sydney Morning Herald https://www.

smh.com.au/sport/nrl/rugby-league-rocked-by-first-proof-of-for

mer-players-with-cte-20190626-p521ng.html

Peters, S. (2023). Concussed: Sport's uncomfortable truth. Allen &

Erwin.

Philipps, D. (2023). Did army blast exposure play role in Maine

gunman's rampage? The New York Times https://www.nytimes.

com/2023/12/11/us/brain-blast-army-robert-card-maine-lewist

on.html

Pickersgill, M. (2012). Standardising antisocial personality disorder:

The social shaping of a psychiatric technology. Sociology of

Health & Illness, 34(4), 544–559. https://doi.org/10.1111/j.1467-

9566.2011.01404.x

Pickersgill, M. (2024). Stalling or oiling the engines of diagnosis?

Shifting perspectives on the DSM and categorical diagnosis in

psychiatry. Sociology of Health & Illness, 46(S1), 132–151.

https://doi.org/10.1111/1467-9566.13682

Rheinberger, H.-J. (1997). Toward a history of epistemic things. Syn-

thesizing proteins in the test tube. Stanford University Press.

Searing, L. (2023). Hockey ‘enforcers’ die 10 years earlier than

others in NHL, study says. The Washington Post https://www.

washingtonpost.com/wellness/2023/06/12/hockey-enforcers-

cte-deaths/

Tsai, J., & Morse, M. (2020). Doctors, will you be watching the

super bowl? Scientific American: ObservationsjOpinion https://

blogs.scientificamerican.com/observations/doctors-will-you-be-

watching-the-super-bowl/

Warwick, M. (2021). Kelly Catlin: A family's search for answers on

links between concussion and suicide [News]. BBC Sport https://

www.bbc.co.uk/sport/cycling/59639369.amp

Wharton, D. (2021). Broken wrists, twisted necks and concus-

sions: The brutal nature of Olympic diving. The Los Angeles

Times https://www.latimes.com/sports/olympics/story/20

21-07-29/broken-wrists-concussions-brutal-nature-olympics-

diving

How to cite this article: Hollin, G. (2024).

Commentary: Three questions for the study of

traumatic brain injury in animals. The Anatomical

Record, 1–6. https://doi.org/10.1002/ar.25465

6 COMMENTARY

 1
9

3
2

8
4

9
4

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://an
ato

m
y

p
u

b
s.o

n
lin

elib
rary

.w
iley

.co
m

/d
o

i/1
0

.1
0

0
2

/ar.2
5

4
6

5
 b

y
 T

est, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [2
7

/0
5

/2
0

2
4

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d

-co
n

d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se


	Commentary: Three questions for the study of traumatic brain injury in animals
	1  QUESTION 1: WHAT MAKES A GOOD MODEL OF CTE AND WHY?
	2  QUESTION 2: WHAT ARE WE EVEN MODELING?
	3  QUESTION 3: WHAT CONSTITUTES AN ETHICAL RESEARCH STUDY?
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	REFERENCES


