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ABSTRACT 

Sports-related concussion (SRC) is a growing concern across all age groups, par-
ticularly among collegiate athletes facing rigorous academic and athletic chal-
lenges linked to performance. For this reason, a large body of research is dedi-
cated to this demographic. While our approach to studying concussions is more 
sophisticated than ever, much remains to be learned. This review addressed 
three specific areas of literature concerning SRC. First, does a history of concus-
sion predispose an individual to future head injuries? Second, does the number 
of concussions impact time to return to play (RTP)? And third, does the interval 
between concussions affect the recovery trajectory? While this is not a compre-
hensive review, we have compiled compelling evidence that attempts to evaluate 
all angles of each of these three questions. 
 

ports-related concussion (SRC) has emerged as a public health crisis as 
we become more adept with diagnosis and sports participation continues 
growing.1 Sport-related concussion is a traumatic brain injury that occurs 

during sport play. Sport-related concussions can occur when an athlete receives 
a blow to the head, neck, or body that results in force to the head.2 There are an 
estimated 1.6-3.8 million concussions across all ages in the United States annu-
ally. Of these, approximately 10,500 occur in National Collegiate Athletic Associ-
ation (NCAA) athletes.3 Between 9% and 14% of collegiate athletes sustain mul-
tiple concussions during their college careers. When considering their pre-college 
concussion history, the number of concussions sustained by these athletes is likely 
under reported and underestimated.4,5 With such high prevalence, it is no surprise 
that the Consensus Statement on Concussion in Sport emphasized obtaining an 
in-depth concussion history before participation and during the postinjury eval-
uation. Despite these efforts, the Consensus Statement acknowledges that an 
association between a history of previous concussion and outcomes such as 
time to return to play (RTP) has yet to be established.6 Considering the unique de-
mand placed on collegiate athletes to balance rigorous academics with athletic 
competition, it becomes of utmost importance to increase the understanding of 
potential factors contributing to, and the recovery from repeated concussions.7 
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While a return to baseline functioning is 
expected to occur between 2 and 7 days af-
ter a concussion for most individuals, many 
will suffer prolonged symptoms. Some may 
experience deficits in vision and memory, as 
well as difficulties with mood for weeks to 
months.8 In addition, there are several debili-
tating pathologies, such as chronic trau-
matic encephalopathy and dementia that 
have been linked to the number of years of 
participation in a collision sport and a his-
tory of repeated concussion. Taken together, 
these findings necessitate a deeper investi-
gation of the topic to protect athletes from 
long-term suffering and life-threatening con-
sequences. 

Numerous reviews have sought to sum-
marize the literature regarding concussion 
history and longitudinal outcomes in partic-
ipants with multiple concussions. In a broad 
systematic review examining various factors 
and athletes of all ages, 41 studies were in-
cluded. Of these studies, 20 found an associ-
ation between a history of concussion and 
worse clinical outcomes following subse-
quent SRC. The remaining 21 found no such 
association.9 However, associations be-
tween previous concussions and longitudi-
nal outcomes in collegiate athletes have yet 
to be thoroughly investigated and are an area 
of much-needed attention. By adding to this 
body of knowledge, we will be one step 
closer to ensuring efficacious and individual-
ized management catered to an athlete’s 
concussion history and to safer RTP proto-
cols. Additionally, further elucidation of this 
area will hopefully stimulate more questions 
and future research. 

Since the 1970s, clinicians began distin-
guishing SRC from other causes of concus-
sion (i.e., motor vehicle crashes). This deci-
sion for separation was driven by various 
sporting bodies recognizing the need for 
clear and practical guidelines for safe RTP for 

athletes with an SRC.6 However, until re-
cently, the history of concussion was stud-
ied as a dichotomous risk factor: either the 
athlete has a history of concussion, or they 
do not. More nuanced approaches consider 
how the number of previous concussions, 
age of the first concussion, sex, and time be-
tween concussions impact clinical out-
comes. For example, a study of collegiate 
athletes found that a history of three or more 
concussions was associated with longer re-
covery times, while two or fewer were not.10 
This review addresses whether a history of 
concussion predisposes one to future con-
cussions and if the number of previous con-
cussions affects the RTP time in SRC for col-
legiate athletes. Additionally, we will address 
whether the time between head injuries in-
fluences the recovery trajectory. Factors we 
will consider are the age of the first concus-
sion, sex, sport played, and the number of 
concussions sustained. The breadth and 
complexity of this topic limits our ability to 
conduct a comprehensive review, but we at-
tempt to raise points for future investigation. 
This will in turn help with patient/student 
athlete care and welfare. 
 
GRAND CONSORTIUM NCAA/DOD 
The NCAA/U.S. Department of Defense 
(DoD) Grand Alliance concussion assess-
ment research and education (CARE) con-
sortium was formed in 2014 to “inform sci-
ence, clinical care and public policy related 
to concussion and repetitive head impact 
exposure (HIE) in U.S. Military Service Acad-
emy (MSA) cadets and collegiate student- 
athletes." The consortium includes 50,000 
military cadets/midshipmen and NCAA stu-
dent-athletes from 30 participating colle-
giate institutions, representing 26 NCAA 
sports, military training, and other recrea-
tional activities. In addition, the CARE con-
sortium has captured data on over 5,000 
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concussions – the largest concussion data-
base. The CARE consortium is responsible 
for over 100 published papers influencing 
the improvement of sports participation for 
athletes of all ages. 

The Consortium’s research was divided 
into three stages. The first focused on short-
term outcomes of 6 months post-injury or 
less. The second phase focused on out-
comes spanning the athletes’ collegiate ca-
reer and five years after. The third and final 
phase was dedicated to understanding out-
comes ten or more years after the initial in-
jury. Many sources included in this review 
utilized data derived from the CARE consor-
tium. Collectively, information compiled by 
the members of the CARE consortium pro-
vides unmatched power for insight into the 
various stages of concussion prevention, re-
covery, and long-term outcomes. This infor-
mation will continue to shape concussion 
management in athletes of all ages for dec-
ades to come.11 
 
RISK OF FUTURE CONCUSSION IN PREVI-
OUSLY CONCUSSED ATHLETES 
Growing evidence indicates that a history of 
concussion increases the likelihood of sus-
taining a future concussion in all popula-
tions, including athletes. One study evalu-
ated over 12,000 athletes ranging from mid-
dle school to college age. Data showed that 
having a history of an SRC was the most sig-
nificant risk factor for future concussion, 
outweighing contact sport participation.12 An 
additional study with over 15,000 partici-
pants with a history of SRC reported nearly 
600 subsequent concussions over the study 
period. The authors evaluated risk factors in 
collegiate athletes and army cadets of simi-
lar age. Results focused on both protective 
and risk factors associated with a subse-
quent concussion. Among the risk factors 
was a previous concussion.3 Schmidt et al. 

investigated the additional modifier of age at 
first concussion among nearly 24,000 colle-
giate athletes and military cadets. Data 
showed that concussion during childhood is 
a significant risk factor for subsequent con-
cussion, especially when compared to the 
group of individuals who’s first reported con-
cussion occurred in adolescence. Moreover, 
data showed that with every one-year in-
crease in the age of index concussion, there 
is a 16% reduction in the risk of subsequent 
concussion observed.13 Tanabe et al. exam-
ined 506 concussions, which occurred 
across 474 college students. This study re-
ported that 47% of participants had a previ-
ous concussion within the previous year and 
that a history of concussion increased the 
risk of subsequent concussion by 4.5-fold in 
this population.14 The CARE consortium ex-
amined over 10,000 military cadets from 
three different academies and found that a 
history of previous concussion and female 
sex were the most consistent estimators of 
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concussion risk across all settings. Interest-
ingly, authors report that compared to 
males, females had 2.02 times the risk of 
concussion regardless of injury setting.15 

A separate review article evaluated 86 
studies and identified 14 risk factors associ-
ated with SRC. Of these studies, 13 ques-
tioned whether or not a previous concussion 
was a risk factor for future SRC, and 10 con-
cluded that it was. The remaining three stud-
ies showed no difference.16 Additionally, one 
study examined professional Australian foot-
ball players over 14 years. This study as-
sessed 116 concussed athletes and 140 to-
tal concuss- 
 
ions and reported no increased incidence 
associated with previous concussions.17 In a 
somewhat different approach, Curry et al. 
sought to quantify, rather than qualify, the 
risk imposed by a history of concussion. In a 
pediatric population of 536 patients, authors 
assessed the risk of experiencing a repeat 
concussion after the index concussion over 
the following two years. The study found a 
16.2% recurrence rate, with increased risk 
associated with increased age at index con-
cussion.18 

While some studies failed to find a sig-
nificant trend, there seems to be overwhelm-
ing evidence in favor of previous concus-
sions predisposing individuals to future con-
cussions. It is also worth noting that evi-
dence points to a correlation of younger age 
at first concussion with greater numbers of 
concussions over time, younger athletes 
have less developed frontal lobe structure 
and factors such as these are likely clinically 
significant. It is well established that unde-
veloped frontal lobes are associated with in-
creased risky behavior. This sense of invinci-
bility and fearlessness may be exacerbated 
by additional frontal lobe damage, such as 
injury sustained by a concussion.19,20 Brain 

development in humans is thought to be in-
complete until roughly their mid-twenties. 
This risky behavior may include fabricated 
resolution of symptoms to RTP sooner. For 
many athletes, considerations of the risks 
associated with repeated concussions may 
be lacking therefore increased education 
and information to athletes, coaching staff, 
etc., is needed. Additionally, it is well known 
that some field positions predispose ath-
letes to concussions more so than others.21 
Future studies to investigate how history of 
concussion and concussion pathophysiol-
ogy synergize to create increased risk for fu-
ture concussions are necessary for im-
proved outcomes.  
 
IMPACT OF REPEATED CONCUSSION ON 
RETURN TO PLAY 
One of the primary motivations for studying 
SRC is understanding when it is safe for ath-
letes to return to play (RTP). RTP is defined as 
the time at which an athlete returns to their 
sport in full capacity. Athletes may resume 
play in a limited capacity sometime during 
the post-concussive period, but they are not 
considered to have fully returned until they 
are without limitations. The timeline for RTP 
is different for every athlete and for every in-
jury, with some athletes not being medically 
cleared to return at all. As our understanding 
increases, many factors may contribute to 
changing these guidelines. In this section, 
we present several studies addressing if mul-
tiple concussions or cumulative damage 
contribute to longer RTP times? Additionally, 
we are interested in determining how con-
tributing factors such as sex, age, and sport 
played affect this data. 

Multiple studies report data suggesting 
that with greater numbers of concussions 
sustained comes longer RTP time. One study 
found that median RTP time was lengthened 
in athletes who had sustained three or more  
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concussions when compared to ath-
letes with two or fewer. Additionally, the au-
thors note that sex and sport had minimal ef-
fect on RTP time, suggesting a unified ap-
proach to RTP protocol across cohorts.10 Two 
studies found a cumulative effect on the 
number of concussions and the risk for pro-
longed RTP time. Cuff et al. found a signifi-
cantly increased adjusted risk ratio for pro-
longed recovery with subsequent concus-
sions. For nearly 5,000 patients aged 10-18, 
the risk increased from one concussion to 
two and from two to three or more.22 Simi-
larly, Wang et al. found a cumulative effect 
for the risk of prolonged RTP time with in-
creased numbers of concussions. The study 
included 159 NCAA student-athletes. Inter-
estingly, modifiers such as sex and age had 
no effect. However, data showed that ath-
letes in individual rather than team sports 
were at greater risk for prolonged RTP.23 

Not all studies discussed in this section 
directly address RTP time in collegiate ath-
letes. However, prolonged concussion 
symptoms may lead to prolonged RTP. For in-
stance, one study assessed the impact of re-
peated concussions in 430 patients aged 13-
33. This study found a significant increase in 
sleep disturbances and concussion duration 
with increasing numbers of concussions.24 
Furthermore, in a pediatric prospective co-
hort study, including over 3000 children rang-
ing from ages 5-18, researchers found that 
most children were symptom-free at one-
year post-concussion. However, children 
who had sustained repeated concussions 
were significantly more likely to struggle with 
concussion symptoms beyond one year.25 
Similarly, in a study with 280 patients aged 
11-22, Eisenberg et al. demonstrated a cu-
mulative effect of the number of concus-
sions on symptom duration.26 Zuckerman et 
al. assessed the odds ratio of suffering from 
post-concussion syndrome (PCS) in 1507 

NCAA student-athletes. Authors found that 
recurrent concussions resulted in a signifi-
cantly increased odds ratio of PCS.5 

Conversely, we found two studies that 
either showed no effect of repeated concus-
sions on recovery/RTP time or showed an in-
verse relationship. In a study with 431 ath-
letes aged 10-21 with an SRC, clinicians 
found no significant difference in recovery 
time in those with a history of concussion 
compared to those without. However, their 
analyses did not consider the number of pre-
vious concussions, and the authors found 
that males recovered faster than females, re-
gardless of concussion history. Interestingly, 
Taubman et al. reported in a pediatric popu-
lation of 90 patients that recovery time was 
significantly faster in both the history of con-
cussion group and the history of multiple 
concussions group when compared to the 
group of children with no history of concus-
sion. Further, the group with a history of 
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multiple concussions showed the fastest re-
covery time of all groups.27 

Multiple factors likely contribute to re-
covery time in athletes. These include but 
are not limited to age, sex, numbers of previ-
ous concussions, region of the brain im-
pacted, and force of the impact. Additionally, 
comorbid conditions such as ADD, ADHD, 
anxiety, depression, and OCD are known to 
have an increased duration of symptomatic 
course and subsequently increased time 
needed to return to play.8,17 Similarly, ath-
letes with other comorbid conditions such 
as headache and migraine also may be at 
greater risk for extended duration of return to 
play. This relationship between chronic 
headache and acute  

concussion is complex. A post-trau-
matic headache can be improperly diag-
nosed as a primary headache disorder such 
as migraine or tension headache. Con-
versely, some athletes are misdiagnosed 
with concussion when they are simply hav-
ing a primary headache exacerbation.28 The 
complexity of concussion and the diversity of 
recovery add to the difficulty of diagnoses 
and prognoses. 
 
IMPACT OF INTERVAL BETWEEN CON-
CUSSIONS ON RECOVERY TRAJECTORY 
Current concussion management dictates 
that athletes do not return to play until they 
are symptom-free, as there is a window of 
vulnerability for repeat concussions in the 
days following the injury. This becomes par-
ticularly pertinent when considering the phe-
nomenon of second impact syndrome (SIS). 
SIS is a condition in which an individual ex-
periences a second head injury before com-
plete recovery from an initial head injury. The 
pathophysiology of SIS is poorly understood, 
but the proposed mechanism is linked to dis-
rupted autoregulation of intracerebral blood 
flow, causing increased intracranial 

pressure, followed by eventual brainstem 
herniation.29 However, symptom reporting is 
subjective in nature, particularly in young 
athletes, who are motivated to RTP as 
quickly as possible. Hence, the task of deter-
mining when an athlete is truly symptom free 
becomes paramount in determining a safe 
RTP interval. 

In athletes, most subsequent concus-
sions occur within 7-10 days of the prior in-
jury.30 One study found that 92% of repeat 
concussions occurred within ten days.31 
While it is widely accepted that patients are 
particularly vulnerable in the interval follow-
ing an initial concussion, it is less well-es-
tablished how the length of the interval be-
tween concussions impacts the trajectory of 
recovery. In this section, we present trends in 
the literature regarding intervals between 
concussions and discuss how modifiers 
such as sex and age may impact outcomes. 
In a review examining vulnerabilities follow-
ing mild traumatic brain injury (mTBI), Greco 
et al. pointed out that there is a period during 
which there is an increased risk for subse-
quent injuries with slower recovery of neuro-
logical function. The authors also highlight a 
significant lack of literature examining sex 
differences as it pertains to risk for repeat 
concussions.32 

In the previously mentioned study by Ei-
senberg et al., children with a previous 
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concussion within the past year had signifi-
cantly longer recovery times when com-
pared to those with a first-time concussion 
or with previous concussions more than a 
year prior. Moreover, loss of consciousness 
upon any of the head impacts significantly 
lengthened recovery.26 Moreover, eighty-four 
military service members ranging from 18-44 
years of age who sustained a concussion 
within 72 hours of enrollment in the study 
were divided into three groups. The first 
group included participants with a recent 
history of concussion within six years but no 
sooner than one year. The second group in-
cluded service members with a "remote" his-
tory of concussion of greater than six years. 
Lastly, the control group was participants 
who had just suffered their index concus-
sion. While authors did not assess the dura-
tion of symptoms, participants with more re-
cent concussion history experienced signifi-
cantly worse symptomatology regarding the 
numbers and severity of symptoms. There 
was no difference between the remote and 
control groups.33 Cools et al. assessed the 
RTP time for all 1,214 concussions in Na-
tional Football League athletes from 2015-
2019. This study found that players with re-
peat concussion took a median of 12 days to 
RTP. Athletes that either sustained their first 
concussion or only a single concussion 
within that year required a median of 9.5 and 
9 days, respectively.34 

One compelling study used diffusion 
tensor imaging (DTI) to assess trends in 
mean diffusivity in white matter regions of in-
terest in the brain that might predict repeat 
concussions. In a low-powered study with 82 
concussed athletes, data showed that pa-
tients with a higher mean diffusivity on imag-
ing seven days post-RTP were significantly 
more likely to sustain a repeat concussion 
within 12 months.35 While this study had low 
numbers of participants, further 

investigations suggest that factors, in addi-
tion to symptom duration, may dictate a  
 
safe RTP and the likelihood of a repeat con-
cussion. 

Evidence suggests that the interval be-
tween concussions may impact the clinical 
course following a subsequent impact. From 
these data, it may be inferred that shorter in-
tervals between concussions lead to worse 
clinical outcomes. However, most of these 
studies divide groups by crude intervals, 
such as months or years. Future studies us-
ing more finite intervals to separate groups 
would be helpful. Additionally, imaging char-
acteristics may provide valuable insight into 
when athletes may RTP safely. 
 
SUMMARY 
With an enormous body of research and 
more sophisticated approaches to studying 
the complexities of SRC, we continue to 
learn more and more about prevention, re-
covery, and long-term outcomes. Despite 
the advances in understanding SRC, there 
are still gaps in our knowledge surrounding 
SRC and its long-term effects on collegiate 
athletes. In this review, we addressed some 
of the remaining questions surrounding SRC. 
Namely, does a history of concussions pre-
dispose one to future concussions? Do in-
creasing numbers of concussions impact 
the RTP/recovery time? And lastly, does the 
interval between concussions impact recov-
ery? 

It is important to note that rates of re-
porting concussions are widely variable and 
subject to several factors. As we become 
more aware of the impacts of SRC on ath-
letes acutely and as the patient ages, there 
may be a trend toward being overly cautious 
and overreporting. Yet, athletes are moti-
vated to remain active in their sport and may 
be likely to hide or underreport symptoms 
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when possible. Thus, education, observa-
tion, and prompt medical intervention, when 
necessary, are of the utmost importance. 

The evidence thus far seems to suggest 
that a history of concussion may increase 
the risk of sustaining a concussion upon 
head impact. Five studies support this no-
tion.3,12-15 Additionally, we found a separate 
review article that cited ten sources that 
listed previous concussions as a risk factor 
for future concussions and only three 
sources that found no significant differ-
ence.16 While it is helpful to acknowledge 
that sustaining previous concussions are a 
risk factor for future concussions, it would be 
beneficial to understand the mechanism(s) 
that contribute to this idea. Perhaps future 
research can define what measures could be 
taken in the acute phase of an index concus-
sion to prevent future susceptibility. 

We also found convincing evidence in 
our sources to suggest that increasing con-
cussions prolongs RTP/recovery time. This 
review includes six studies that support this 
claim.5,10,22-25 We included one study that re-
ported no significant difference in RTP be-
tween individuals with or without previous 

concussion history. However, the study did 
not consider the number of prior concus-
sions.26 Also, one study showed an inverse 
relationship between the number of concus-
sions and recovery time in a pediatric popu-
lation. However, this study had a considera-
bly small sample size.27 In future research, it 
would be interesting to quantify the impact 
of an increasingly higher number of concus-
sions on RTP. None of the studies included in 
this review analyzed the effects beyond three 
concussions.  

Lastly, all six papers investigating the in-
terval between concussions point to its sig-
nificant impact on the clinical course follow-
ing a repeat concussion.26,31-35 In this section, 
we also included an interesting study that 
used brain imaging technology to correlate 
specific imaging characteristics with the risk 
of repeat concussions. In summary, more 
targeted research to consider and identify 
factors such as numbers of previous con-
cussions, age at index and subsequent con-
cussions, the time between concussions, 
and individual recovery trends post-concus-
sion(s), is warranted. 
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