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‘Subconcussive’ is a dangerous 
misnomer: hits of greater magnitude 
than concussive impacts may not 
cause symptoms
Christopher J Nowinski,1,2 Hye Chang Rhim  ‍ ‍ ,3 Ann C McKee,1,4,5 
Ross D Zafonte,3,6 David W Dodick,7 Robert C Cantu,1,2,8 
Daniel H Daneshvar3,6

Concussion is a traumatic brain injury 
(TBI) defined by the presence of transient 
signs and symptoms related to alterations 
in brain function due to biomechanical 
force.1 2 However, not every such force 
results in acute signs or symptoms, and 
recent research seeks to better understand 
the sequelae of both forces and injuries 
that are subclinical. The term ‘subconcus-
sive’ has emerged to refer to both subclin-
ical head acceleration events (HAEs) and 
injuries (as defined by clinical, biomarker 
and/or neuroimaging changes). We believe 
that this term can be misleading in both 
instances and should be replaced.

When referring to impacts, the prefix 
‘sub’ implies lower magnitude HAEs than 
those that cause a diagnosed concussion. 
However, sensor studies show that many 
HAEs are associated with greater head 
acceleration than impacts that result 
in a diagnosed concussion. We suggest 
replacing subconcussive with the more 
agnostic term ‘non-concussive’.

When referring to injuries, the term 
subconcussive is a contradiction. If a concus-
sion is a TBI, a subconcussive event implies 
no injury occurred. However, impacts that 

do not result in diagnosed concussions 
are sometimes associated with evidence 
of neurological injury, including func-
tional changes that do not meet criteria for 
concussive symptoms, biomarker changes 
and structural changes evident on neuro-
imaging.3 There is increasing evidence 
that these injuries are associated with long-
term sequelae.4 5 Researchers are misusing 
‘subconcussive’ when referring to these inju-
ries without overt clinical signs or symptoms. 
For the reasons detailed below, we suggest 
replacing subconcussive when referring to 
injury with ‘subclinical TBI’.

Hits of greater magnitude than 
concussive HAEs may not cause 
symptoms
With the arrival of football helmet accel-
erometers, researchers hoped to identify 
HAE magnitude thresholds that would 
characterise concussion. Unfortunately, 
there is no such threshold. A study of 319 
college football players reported that peak 
linear and rotational accelerations were 
not correlated with symptom frequency, 
severity score or any symptom.6 In a study 
of 283 348 impacts from 185 college foot-
ball players, Mihalik et al found that the 
positive predictive value of sensor data for 
identifying concussion at any threshold 
was less than 2%, despite conservatively 
adjusting for undiagnosed injuries.7

While concussions tend to be among the 
hardest impacts sustained, athletes experi-
ence HAEs of greater magnitude that do 
not appear to cause concussion symptoms. 
Campolettano et al studied 124 youth foot-
ball players aged 9–14 and analysed the head 
acceleration experienced by the 15 diagnosed 
with concussion. They found that for only 
three (20%), the concussion occurred on the 
highest linear or rotational magnitude impact 
the athlete experienced during the study. On 
average, concussions occurred at the 93.9 
percentile linear impact, and 85.2 percen-
tile rotational impact.8 Similarly, Mihalik et 

al reported that over 4400 non-concussive 
impacts occurred with greater linear accel-
eration than for the median concussion. 
For each concussion diagnosed, there were 
approximately 340 non-concussive impacts 
of greater linear acceleration than the median 
concussive impact.7

Stemper et al studied 511 college foot-
ball players who experienced 424 059 
head impacts. They sustained 4589 head 
impacts with greater linear and rotational 
acceleration than the mean accelerations 
for concussed athletes, and 249 160 head 
impacts with greater linear and rotational 
acceleration than the lowest magnitude 
concussive impact.9

While the football helmet accelerome-
ters are susceptible to measurement errors 
and peak linear and rotational accelera-
tion may not best capture concussion risk, 
these studies highlight that ‘subconcussive’ 
impacts are frequently associated with 
greater head acceleration than concus-
sive impacts. The term ‘non-concussive’ 
better captures this range of impacts and 
reveals that a meaningful proportion of 
these impacts are ‘high acceleration non-
concussive’. More recently, instrumented 
mouthguards have been developed to 
quantify head acceleration, and future 
studies using these devices may further 
substantiate this claim.10–12

HAEs without symptoms may 
result in injury
There is growing evidence that some 
non-concussive impacts sometimes cause 
subclinical, or silent, TBI, which may cause 
occult deficits and disease. Acutely, HAEs 
without symptoms of concussion have 
been associated with increasing biomarkers 
of neuroinflammation, suggesting possible 
neurological injury.3 Imaging studies have 
demonstrated that repetitive head impacts 
in the absence of symptomatic concussion 
are associated with functional impairment 
and structural damage to the integrity of 
brain structures including white matter 
changes, cortical thinning and volume 
loss.3 Over time, athletes sustaining non-
concussive HAEs may also be at higher 
risk of concussion.9 13

In the long-term, cumulative exposure 
to non-concussive impacts may increase the 
risks of neurodegenerative disease including 
amyotrophic lateral sclerosis (ALS)5 and 
chronic traumatic encephalopathy (CTE).4 
Duration of exposure to non-concussive 
HAEs has been described as being higher 
in professional football players with ALS 
compared with those without,5 and in 
predicting both CTE status and severity 
whereas concussion does not.4
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If these HAEs have acute and long-term 
sequelae, they should be identified as sepa-
rate from, but not necessarily less than, 
concussion, as the word ‘subconcussive’ 
may imply. The observation that some non-
concussive impacts can have clinical impli-
cations is unsurprising given the widely 
accepted evidence that subclinical injury can 
lead to neurological deficits in other disease 
processes, such as how some ischaemic 
events can lead to subclinical cerebrovascular 
disease that can accumulate and eventually 
manifest as dementia and cognitive decline.14 
Introducing a ‘subclinical’ classification to 
TBI brings TBI in line with other neurolog-
ical diseases.15

Recommendations
The term ‘subconcussive’ should be retired 
when referring to both impacts and inju-
ries (table  1). We recommend using ‘non-
concussive’ to describe HAEs that do not 
result in a diagnosed concussion. Research-to-
date suggests that while some non-concussive 
HAEs are harmless, others may cause injury 
associated with changes in brain function, 
biomarkers and imaging. The absence of 
symptoms following an HAE does not indi-
cate that no injury occurred, but rather that 
no injury occurred to a salient network; it is 
possible that damage occurred in an area that 
is not responsible for conscious processes. It 
is also possible that sensory obtundation has 
occurred in some individuals exposed to TBI, 
further weakening the link between TBI and 
symptoms. In addition, we anticipate there 
are differences in how individuals respond 
to the same head impact based on unique 
differences in brain anatomy, premorbid risk 
factors and comorbid conditions, which can 
lead to differences in subsequent injury risk. 
Moreover, given the wide range of HAE 
magnitudes and potential negative conse-
quences associated with repetitive concussive 
and non-concussive HAEs, individual-based 
metrics considering an athlete’s cumulative 
impact history are important in preventing 
subsequent injury and long-term sequelae. 
By changing the nomenclature, we hope to 
add specificity and clarity to the growing 

conversation exploring non-concussive 
impacts on subclinical TBI and neurological 
outcomes.
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Table 1  Current and proposed impact and injury terminology

Describing impacts to the head

 � Current Proposed Description

 � Concussive Concussive An impact that is associated with a diagnosed concussion

 � Subconcussive Non-concussive An impact that may be of greater or less force than a concussive impact but is not associated with a diagnosed concussion

Describing injuries to the brain

 � Current Proposed Description

 � Concussion Concussion TBI with signs and symptoms related to transient alterations in brain function due to a biomechanical force

 � Subconcussive Subclinical TBI TBI, characterised by changes in neurological function, biomarkers or imaging, that is not associated with concussion signs or symptoms

 � Subconcussive No injury No evidence of TBI based on changes in neurological function, biomarkers or imaging

TBI, traumatic brain injury.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


756 Bruder AM, et al. Br J Sports Med July 2024 Vol 58 No 14

Editorial

Published Online First 8 June 2024

Br J Sports Med 2024;58:754–756.
doi:10.1136/bjsports-2023-107413

ORCID iD
Hye Chang Rhim http://orcid.org/0000-0002-7986-​
6493

References
	 1	 Davis GA, Patricios J, Schneider KJ, et al. Definition 

of sport-related concussion: the 6th international 
conference on concussion in sport. Br J Sports Med 
2023;57:617–8. 

	 2	 Silverberg ND, Iverson GL, ACRM Mild TBI Definition 
Expert Consensus Group and the ACRM Brain Injury 
Special Interest Group Mild TBI Task Force. Expert 
panel survey to update the American Congress of 
rehabilitation medicine definition of mild traumatic 
brain injury. Arch Phys Med Rehabil 2021;102:76–86. 

	 3	 Mainwaring L, Ferdinand Pennock KM, Mylabathula 
S, et al. Subconcussive head impacts in sport: a 
systematic review of the evidence. Int J Psychophysiol 
2018;132:39–54. 

	 4	 Daneshvar DH, Nair ES, Baucom ZH, et al. Leveraging 
football accelerometer data to quantify associations 
between repetitive head impacts and chronic traumatic 
encephalopathy in males. Nat Commun 2023;14:3470. 

	 5	 Daneshvar DH, Mez J, Alosco ML, et al. Incidence of 
and mortality from Amyotrophic lateral sclerosis in 
national football League athletes. JAMA Netw Open 
2021;4:e2138801. 

	 6	 Rowson S, Duma SM, Stemper BD, et al. Correlation 
of concussion symptom profile with head impact 
Biomechanics: a case for individual-specific injury 
tolerance. J Neurotrauma 2018;35:681–90. 

	 7	 Mihalik JP, Lynall RC, Wasserman EB, et al. “Evaluating 
the "threshold theory": can head impact indicators 
help” Med Sci Sports Exerc 2017;49:247–53. 

	 8	 Campolettano ET, Gellner RA, Smith EP, et al. 
Development of a concussion risk function for a 
youth population using head linear and Rotational 
acceleration. Ann Biomed Eng 2020;48:92–103. 

	 9	 Stemper BD, Shah AS, Harezlak J, et al. Comparison 
of head impact exposure between concussed football 
athletes and matched controls: evidence for a possible 
second mechanism of sport-related concussion. Ann 
Biomed Eng 2019;47:2057–72. 

	10	 Tooby J, Weaving D, Al-Dawoud M, et al. 
Quantification of head acceleration events in rugby 
league: an instrumented mouthguard and video 
analysis pilot study. Sensors (Basel) 2022;22:584. 

	11	 Jones B, Tooby J, Weaving D, et al. Ready for impact? 
A validity and feasibility study of Instrumented 
Mouthguards (iMGs). Br J Sports Med 2022;56:1171–9. 

	12	 Bussey MD, Salmon D, Romanchuk J, et al. Head 
acceleration events in male community rugby players: 
an observational cohort study across four playing 
grades, from Under-13 to senior men. Sports Med 
2024;54:517–30. 

	13	 Seifert J, Shah AS, Harezlak J, et al. Time Delta 
head impact frequency: an analysis on head impact 
exposure in the lead up to a concussion: findings from 
the NCAA-DOD care consortium. Ann Biomed Eng 
2022;50:1473–87. 

	14	 Vermeer SE, Prins ND, den Heijer T, et al. Silent brain 
Infarcts and the risk of dementia and cognitive decline. 
N Engl J Med 2003;348:1215–22. 

	15	 Jiménez-Balado J, Corlier F, Habeck C, et al. Effects 
of white matter Hyperintensities distribution and 
clustering on late-life cognitive impairment. Sci Rep 
2022;12:1955. 

http://orcid.org/0000-0002-7986-6493
http://orcid.org/0000-0002-7986-6493
http://dx.doi.org/10.1136/bjsports-2022-106650
http://dx.doi.org/10.1016/j.apmr.2020.08.022
http://dx.doi.org/10.1016/j.ijpsycho.2018.01.007
http://dx.doi.org/10.1038/s41467-023-39183-0
http://dx.doi.org/10.1001/jamanetworkopen.2021.38801
http://dx.doi.org/10.1089/neu.2017.5169
http://dx.doi.org/10.1249/MSS.0000000000001089
http://dx.doi.org/10.1007/s10439-019-02382-2
http://dx.doi.org/10.1007/s10439-018-02136-6
http://dx.doi.org/10.1007/s10439-018-02136-6
http://dx.doi.org/10.3390/s22020584
http://dx.doi.org/10.1136/bjsports-2022-105523
http://dx.doi.org/10.1007/s40279-023-01923-z
http://dx.doi.org/10.1007/s10439-022-03032-w
http://dx.doi.org/10.1056/NEJMoa022066
http://dx.doi.org/10.1038/s41598-022-06019-8



