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Context: Cycling crashes are common among recreational
and competitive riders and may result in head and bodily
trauma. Information is limited regarding the signs and symptoms
of head injury (HI) after cycling crashes, medical treatment, and
recovery.

Objectives: To evaluate concussion-like symptom reporting
after cycling crashes with or without HI in recreational and
competitive cyclists and to assess crash characteristics and
follow-up medical care.

Design: Cross-sectional study.
Setting: Voluntary online survey.
Patients or Other Participants: A convenience sample of

780 cyclists residing in the United States: 528 males, 249
females, 2 gender queer/nonbinary, and 1 transgender female.

Main Outcome Measure(s): Survey-based, self-reported
signs and symptoms of HI, including the third edition of the Sport
Concussion Assessment Tool (SCAT3) symptom checklist, loss
of consciousness, posttraumatic amnesia, and helmet damage.

Results: Of the participants, 403 reported crashes in the
previous 2 years. Cyclists who self-reported no significant injury
after their crash were excluded, leaving 77 HI reporters (HI
group) and 260 trauma controls (TC group). The HI group more
frequently reported experiencing 17 of the 22 symptoms on the
SCAT3 symptom checklist. The HI group described a 4-fold
higher incidence of loss of consciousness (HI ¼ 13/77 [16.9%]
versus TC¼11/2600 [4.2%]) and memory loss immediately after
the crash (HI¼ 44/77 [57.1%] versus TC¼ 37/260 [14.2%]). The
HI group reported major, noncosmetic helmet damage 2.5 times
more frequently than the TC group (HI ¼ 49/77 [63.6%] versus
TC ¼ 67/260 [25.8%]).

Conclusions: The findings suggest that a standardized
concussion assessment is needed for cyclists who experience
major trauma.

Key Words: epidemiology, traumatic brain injuries, head
injuries, bicycling

Key Points

� Cycling crashes resulting in head injury (HI) are common, and literature on this topic is limited.
� Reporting of HIs in cyclists is a challenge due to the diversity of types of cycling, demographics, experiences, and

skill levels.
� A concussion-assessment tool is needed for the sport of cycling, as HIs in cyclists may be underreported and

undertreated.
� Cyclists experiencing head trauma are more likely to endorse a higher number of concussion symptoms, as well as

signs of potential HI (helmet damage, loss of consciousness, posttraumatic amnesia), than those who experienced
non-head trauma.

� Both HIs and other bodily injuries from cycling crashes can cause symptoms including several sleep-related and
emotional symptoms, similar to posttraumatic stress symptoms.

� Most cyclists who reported HIs returned to cycling at their previous level.

C
ycling has experienced massive growth in recent
years, and with a rising number of recreational and
commuter cyclists comes a potential increase in

injuries.1 Recent researchers2 addressed the prevalence of
head injury (HI) among 3854 injured cyclists seeking
emergency care in Seattle in 2015. They found that 35%
were diagnosed with facial injuries; 22.3% were diagnosed
with scalp, skull, forehead, or mild brain injuries; and 6%

were diagnosed with more serious brain injuries. Similarly,

according to the National Electronic Injury Surveillance

System All Injury Program database from 2001 to 2012, a

recreational or sport-related traumatic brain injury (TBI)

from cycling was the most common cause in females and

the second most common cause in males presenting to an

emergency department.3
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In response, multiple, widespread efforts have been
implemented to reduce HIs and all-cause injuries in
cycling. Investigators2,4 who assessed the use of cycling
helmets estimated that a hard helmet resulted in a 50% odds
reduction of the risk of HI and was associated with up to a
90% reduction in the risk of death due to cycling.
Improvements in infrastructure have also reduced the
number of crashes and injuries among cyclists.5 These data
notwithstanding, HIs still accounted for a significant
portion of total cycling injuries and even deaths for cyclists
who wore helmets.2,6 Head injuries can have tremendous
effects on long-term function and quality of life.7–9

Cyclists are a diverse group, including competitive,
noncompetitive, recreational, and commuter athletes,
with wide ranges of ages and skill levels.10 For this
reason, information regarding HIs in cycling is limited.
The National Electronic Injury Surveillance System All
Injury Program uses emergency department records to
document HI rates but does not account for cyclists who
do not present to the hospital and does not describe
demographic groups or levels of participation in a given
activity (competitive versus recreational). The National
Collegiate Athletic Association Injury Surveillance Pro-
gram (NCAA-ISP) follows collegiate athletes but lacks
information about recreational athletes.11 In addition, the
NCAA-ISP data are less applicable to the broad
demographic profile (age and athleticism) of the sport
of cycling.11 In competitive cycling, competitions may
occur outside the purview of governing sports organiza-
tions, making injury monitoring difficult. Equally chal-
lenging is the lack of consensus regarding a standardized
concussion assessment for both amateur and professional
competitors. Thus, cycling is not subject to formal and
standardized HI surveillance, and our knowledge of
concussion and its presentation and recovery after cycling
crashes remains limited.

In this survey-based study, we sought to characterize
injuries and describe symptom profiles in a broad group of
competitive and noncompetitive cyclists. In addition, we
compared symptom reporting and related factors between
cyclists who crashed and did or did not sustain HIs. We also
assessed whether an instrument such as the third edition of
the Sport Concussion Assessment Tool (SCAT3) Symptom
Evaluation, a symptom checklist embedded in the SCAT3,
would be a valuable clinical tool after cycling-related
trauma.

METHODS

We obtained survey data from a voluntary online
assessment that was conducted using REDCap software
(Vanderbilt University, Nashville, TN),12 deemed exempt
by the institutional review board, and hosted by Partners
Healthcare (#2014P002211/SRH). The survey, entitled
‘‘Injury Issues in the Cycling Community,’’ was estimated
to take 5 to 10 minutes to complete. Responses were
recorded only if they were 100% complete and verified.
The online survey was openly distributed to the cycling
community via e-mail, social media, and a cycling health-
related Web site. Participants were encouraged to share the
survey with their club or team as well as their contacts. The
survey was administered from January 24, 2015, through
May 3, 2016, and 780 people (528 male, 249 female, 2

gender queer/nonbinary, and 1 transgender female) residing
in the United States responded.

Of the participants, 403 reported at least 1 crash in the
previous 2 years. Cyclists who experienced more than 1
crash were instructed to respond based on the most severe
crash. The survey assessed the primary area of injury (upper
body, lower body, skin only, head, spine, other, or none).
From the SCAT3 Symptom Evaluation, 22 questions
assessed the presence of neurologic symptoms after the
crash, including posttraumatic amnesia, loss of conscious-
ness, and concussion-like symptoms.13 It should be noted
that the components of the Symptom Evaluation have not
changed between the SCAT3 and the current fifth
edition.13,14 The fifth edition of the Sport Concussion
Assessment Tool (SCAT5) is used broadly in sports to help
diagnose concussion and serves as a reporting mechanism
for the NCAA-ISP.14 Crash characteristics, including the
presence of major, noncosmetic damage to the helmet or
bike resulting from the crash, were assessed. Finally, the
survey asked if the cyclist returned to cycling at his or her
previous level and about the time he or she returned to
sport.

Focusing on the 403 participants who reported a crash in
the previous 2 years, we assessed differences in the survey
responses of cyclists who crashed and reported a significant
HI (HI group: n¼ 77; 41 males, 34 females, 2 nonbinary or
transgender) versus a group of cyclists who crashed and
reported a significant injury to another part of the body but
not to the head (trauma control [TC] group: n ¼ 260; 190
males, 70 females). The 66 cyclists (49 males, 17 females)
who specified that they sustained no significant injury were
excluded from both groups. Therefore, the HI and TC
groups in this study were self-selected based on their own
injury reporting. We did not verify the information reported
by participants.

For statistical analysis of survey response data, we
calculated a 2-tailed t test, P values, and confidence
intervals to evaluate whether differences in respondents’
answers to yes/no survey questions were statistically
significant because the number of participants was large
in all cases. To evaluate differences in responses regarding
the number of years of cycling experience and miles per
week, a nonparametric Mann-Whitney U test was used, as
the survey grouped these data into ordinal but nonpara-
metric categories. All statistical analyses were performed
using Excel (version 2013; Microsoft Corp, Redmond,
WA).

RESULTS

Demographics and Medical History of Survey
Respondents

The 780 survey respondents resided in 32 states. States
with 10 or more respondents were Massachusetts (472),
Connecticut (79), Illinois (72), New York (29), California
(29), Pennsylvania (23), and New Hampshire (10).
Demographic data are summarized in Table 1. The data
suggest that a majority of survey respondents were avid
cyclists. The median number of years cycling was 10 to 20,
and the median mileage was 101 to 125 miles/week for
males and 51 to 75 miles/week for females. Approximately
half of the survey respondents, both male and female,
participated in some form of bicycle racing (51.7% of
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males, 49.4% of females). Nearly all respondents (765/780,
98.1%) regularly used helmets while cycling.

The HI group had a roughly 4-fold higher incidence than
the TC group of both loss of consciousness and memory
loss immediately after the crash (Table 2).

Medical history was assessed using a checklist of items,
including musculoskeletal, medical, and psychiatric disor-
ders. No differences were evident between the HI and TC
groups in any medical history items.

Assessment of Cycling Crashes and Related Injuries

About 30% of crashes occurred during races, 45% during
training rides, and 25% while commuting. Crashes were
most frequently caused by collisions with motor vehicles
and other riders. Neither the circumstances of the crash
(race, training, or commuting) nor the mechanism of the
crash (collision with motor vehicle, another rider, or
pedestrian; rider error; unforeseen obstacle; change in road
surface; mechanical failure; or multitasking) showed any
difference between the HI and TC groups. Regarding
markers of crash severity, HI cyclists were 2.5 times more
likely to incur major, noncosmetic damage to their helmet
(49/77, or 63.6% of the HI group versus 67/260, or 25.8%
of the TC group; P , .01).

The HI group was more likely than the TC group to have
experienced concussion symptoms. The groups differed in
all SCAT3 symptoms they recalled having except for
trouble falling asleep and being more emotional, more
irritable, sadder, and more anxious after the crash (Tables 3
and 4). The average number of concussion symptoms in the
HI group was 5.8, whereas the TC group had an average of
0.9 symptoms (P , .01). Of the cyclists in the HI group, 10/
77 (13.0%) had no concussion symptoms, compared with
157/260 (60.4%) of the TC group (P , .01).

Medical Care for Reported Head Injuries and Return
to Activity

Of the 77 cyclists in the HI group, 49 (63.6%) received
medical care, 44 of whom received emergency care. This
included all 13 HI group cyclists who experienced loss of
consciousness; 2 saw a neurologist. Of the 44 cyclists in the
HI group who endorsed posttraumatic amnesia, 35 received
medical care, 30 in the emergency department and 5 from a
neurologist. The remaining 28 cyclists in the HI group
(36.3%) received no medical care after their crash; of these, 5
cyclists were injured during competition. Nine of the 44 HI
group cyclists who reported posttraumatic amnesia (including
1 in competition) did not receive any medical care (20.4%).

The vast majority of the 77 cyclists in the HI group
returned to cycling at their previous level (71/77, or 92.2%;
39/41 male cyclists and 30/34 of female cyclists). The
survey assessed the timeframe for return to cycling at the
precrash level with choices ranging from less than 1 week
to more than 24 weeks (6 months) in 1-week increments.
Fewer cyclists with HIs returned to cycling immediately:
19/77 (24.7%) of the HI group returned within 1 week
versus 104/260 (40%) of the TC group (P , .02). More
cyclists with HIs waited 4 weeks to return: 16/77 (20.7%)
of the HI group versus 20/260 (7.7%) of the TC group (P ,
.01). Overall, the majority of cyclists returned to cycling at
their precrash level within 6 weeks: 55/77 (71.4%) of the
HI group, and 191/260 (73.5%) of the TC group.

DISCUSSION

In this survey-based study of 780 recreational and
competitive cyclists, we assessed injuries related to crashes
and evaluated the reports of common HI signs and
symptoms outlined in the SCAT3, comparing the presence
of concussion symptoms between cyclists who sustained

Table 1. Demographics of Survey Respondents

Variable All Cyclists Head Injury Group Trauma Control Group Significance, P Value

Total respondents (n) 780 77 260 ,.01

Age (mean 6 SD) 43.8 6 13.8 38.0 6 13.8 42.1 6 13.8 a

Minimum 18 18 18

Maximum 84 74 84

Median no. of years cycling 10–20 5–10 10–20 a

Median no. of miles/week

Warm months (April–September) 101–125 101–125 126–150 a

Cold months (October–March) 51–75 51–75 51–75 a

Racing experience, No./total (%) 398/780 (51.0) 54/77 (70.1) 169/260 (65.0) .51

Regular helmet use, No./total (%) 765/780 (98.1) 76/77 (98.7) 257/260 (98.8) .98

a Male versus female respondents and head injury versus trauma control group responses were not different based on Mann-Whitney U
tests (a ¼ .05).

Table 2. Initial Evidence of Traumatic Injury to the Head

Evidence

Group, No. (%)
P Value (Head Injury Versus

Trauma Control Group)All Cyclists (n ¼ 403) Head Injury (n ¼ 77) Trauma Control, (n ¼ 260)

Major damage to helmet 123 (30.5) 49 (63.6) 67 (25.8) ,.01

Loss of consciousness 24 (6.0) 13 (16.8) 11 (4.2) ,.01

Posttraumatic amnesia 87 (21.5) 44 (57.1) 37 (14.2) ,.01

2 Symptoms 34 (8.4) 22 (28.6) 12 (4.6) ,.01

All 3 symptoms 21 (5.2) 11 (14.3) 10 (3.8) ,.01
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HIs and those who had injuries that did not involve the head
(TCs). In addition to endorsing a higher number of
postconcussive symptoms, cyclists with HIs were more
likely to indicate major damage to the helmet, loss of
consciousness, and posttraumatic amnesia. Cyclists with
HIs also took longer to return to biking than the TC group.
Finally, both the HI and TC groups had similar emotional
symptoms on the SCAT3, suggesting that emotional
distress was common after cycling crashes.

The HI group experienced more postconcussive symptoms
than the TC group. The average number of SCAT3
symptoms endorsed has been estimated between 1.75 and
3.2 for the general population.15–17 By comparison, the
number of these symptoms endorsed by youth athletes who
sustained HIs was 9.7.16 Consistent with these studies, our
data revealed a higher number of postconcussive symptoms
endorsed by cyclists who reported HIs versus those who did
not. Cyclists in the TC group indicated, on average, 1 or no
postconcussive symptoms, whereas cyclists with HI indicat-
ed an average of 5.75 symptoms; the SCAT is the most well-
established screening tool across sports, and the SCAT
symptoms checklist is likely a valuable screening tool in this
population.18

When we compared symptoms in the HI and TC groups at
the item level, cyclists in the HI group more frequently had 17
of the 22 postconcussive symptoms than those in the TC

group. However, the HI and TC cyclists had equal trouble
falling asleep as well as several emotional symptoms (being
more emotional, irritable, sad, and anxious). Interestingly,
these symptoms overlap with symptoms of posttraumatic
stress, which may be experienced by any cyclist who has
sustained an injury. Recent researchers19 compared groups of
collegiate athletes with concussions and healthy athletes using
preinjury and postinjury questionnaires and found that the
former reported a greater incidence of posttraumatic stress
symptoms, which increased from baseline to the postinjury
measurement. In managing athletes after HI and non–head
injury, it is important to remember that emotional trauma is
not uncommon, as shown in the concussion literature8 and in a
recent study20 of young athletes who sustained an anterior
cruciate ligament rupture. Screening tools for behavioral
health-related changes may warrant implementation among
those with long-term symptoms after a cycling crash.

Cyclists in the HI group were 2.5 times more likely to
sustain major, noncosmetic damage to the helmets than
cyclists in the TC group, presumably a reflection of the impact
to the head sustained during the crash. This result corroborates
findings of a previous large-scale study21 showing a strong
correlation between helmet damage and HI among 527
helmeted cyclists who crashed. Biomechanical research22 has
shown that bicycle helmets reduce the acceleration of impact
with the head by about 80%, thereby reducing the risk of

Table 4. Concussion-Symptom Reporting From Cycling Crashes With Significant Injuries, SCAT3 Symptom Evaluation Symptoms 12

Through 22

Symptom

Group, No. (%)
P Value (Head Injury Versus

Trauma Control)All Cyclists (n ¼ 403) Head Injury (n ¼ 77) Trauma Control (n ¼ 260)

Don’t feel right 48 (12) 32 (42) 13 (5) ,.01

Difficulty concentrating 29 (7.1) 25 (32) 3 (1.2) ,.01

Difficulty remembering 22 (5.4) 19 (25) 3 (1.2) ,.01

Fatigue or low energy 30 (7) 18 (23) 11 (4.2) ,.01

Confusion 21 (5.2) 15 (19) 4 (1.5) ,.01

Drowsiness 19 (4.7) 16 (21) 3 (1.2) ,.01

Trouble falling asleep 12 (2.9) 5 (6.5) 6 (2.3) .07

More emotional 37 (9) 9 (12) 22 (8.5) .39

Irritability 30 (7) 10 (13) 19 (7.3) .12

Sadness 21 (5.2) 4 (5.2) 15 (5.8) .85

Nervous or anxious 39 (9.6) 8 (10) 24 (9.2) .76

None of these 211 (52) 10 (13) 157 (60) ,.01

Mean no. of symptoms 1.8 5.8 0.9 ,.01

Abbreviation: SCAT3, Sport Concussion Assessment Tool, third edition.

Table 3. Concussion-Symptom Reporting From Cycling Crashes With Significant Injuries: SCAT3 Symptom Evaluation Symptoms 1

Through 11

Symptom

Group, No. (%)
P Value (Head Injury Versus

Trauma Control Group)All Cyclists (n ¼ 403) Head Injury (n ¼ 77) Trauma Control (n ¼ 260)

Headache 75 (25) 54 (70) 18 (6.9) ,.01

Pressure in head 19 (4.7) 16 (21) 2 (0.8) ,.01

Neck pain 67 (16.6) 31 (40) 31 (12) ,.01

Nausea or vomiting 19 (4.7) 13 (17) 5 (2.0) ,.01

Dizziness 42 (10.4) 26 (34) 12 (4.6) ,.01

Blurred vision 19 (4.7) 15 (19) 3 (1.2) ,.01

Balance problems 19 (4.7) 16 (21) 3 (1.2) ,.01

Sensitivity to light 17 (4.2) 16 (21) 1 (0.3) ,.01

Sensitivity to noise 16 (4) 14 (18) 1 (0.3) ,.01

Feeling slowed down 30 (7) 23 (30) 6 (2.3) ,.01

Feeling like in a fog 43 (10.6) 30 (39) 10 (3.8) ,.01

Abbreviation: SCAT3, Sport Concussion Assessment Tool, third edition.
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severe HI at a speed of 12 to 15 miles/hour. However, at
higher speeds, the risk of HI is substantial, even among
helmeted cyclists, and the integrity of the helmet may be
compromised in those who crash. Additionally, helmets are
less effective at preventing mild TBI or concussion. These
data suggest that if the impact force from a cycling crash is
sufficient to cause major damage to a cycling helmet, the
possibility of a TBI must be considered. One notable feature
of the self-defined TC group in this study was that 4.6% of TC
respondents had at least 2 of the 3 signs of an unequivocal
TBI (loss of consciousness, posttraumatic amnesia, helmet
damage), and 3.8% had all 3 symptoms, yet they answered no
when asked whether they had sustained an injury to the head.
These responses suggest that HIs may be underreported even
among our survey respondents, and some of those in the TC
group may in fact have sustained an HI. In this case,
differences between the HI and TC groups in terms of
symptom reporting may in fact be larger than what we have
demonstrated.

Most of the HI group received some type of medical care,
typically delivered by emergency services either on-site or
in an emergency department. However, a significant
minority of cyclists in our study with an HI did not receive
medical treatment, including several cyclists with posttrau-
matic amnesia, 1 of whom was injured during competition.
This is unfortunately not uncommon, as evidenced by
recent longitudinal investigations23,24 showing gaps in
follow-up care for individuals with mild TBI, even those
with persistent symptoms. The SCAT3 on-field assessment
stipulates that athletes who experience loss of conscious-
ness or loss of memory at the time of injury should be
removed from play and evaluated by a medical profession-
al.13 Clinicians and cyclists must not only understand the
acute management of HI but also identify often vague or
nonspecific symptoms and appropriate long-term follow-
up, including multidisciplinary care.24

The HI group in our study had a slower return to the
previous level of cycling than the TC group: more cyclists
in the TC group returned within 1 week, whereas more
cyclists in the HI group waited 4 weeks to return to sport. In
the HI group, 24% returned within 1 week, 56% returned
within 2 weeks, and 92.3% returned within 4 weeks.
Return-to-sport timeframes of 6 to 10 days were docu-
mented after concussions in NCAA athletes.11 However,
data on the timeframe of return to sport after cycling
injuries are lacking. Although the cyclists in our HI group
took longer to return to cycling than NCAA athletes with
head injuries, direct comparisons are not possible as NCAA
athletes are subject to baseline and postinjury comparison
testing by medical staff, whereas many cyclists lack
medical oversight or baseline testing.

Future efforts to care for competitive cyclists might include
preseason or annual SCAT5 testing, which is required for
many athletes and is useful for determining symptom
resolution and informing return-to-activity timelines.13 This
baseline testing, along with appropriate guidelines to athletes
and medical staff and a postinjury SCAT5 assessment, could
help to determine when an injured cyclist is ready to return to
activity.25 This suggestion aligns with the ‘‘Concussions in
Cycling Consensus Statement’’ of the Medicine of Cycling
Conference,26 which recommended the use of SCAT testing
(at that time, SCAT2) for baseline and postinjury assessments
and to help diagnose concussions among cyclists participating

in sanctioned competitions. Newer technologies are also
emerging, including cell phone–based evaluation tools, which
may assist in concussion diagnosis. However, at this time,
concussion remains a clinical diagnosis with no single
diagnostic tool.

Competitive bike racing poses a significant challenge to
team physicians and medical staff due to the fast pace and
limited time and resources available for evaluation and
potential clearance of cyclists to return to the race. In
addition, injuries are often sustained at high speeds, and
catastrophic injuries, including intracranial hemorrhage, are
therefore ranked higher on the differential diagnosis. The
‘‘Concussions in Cycling Consensus Statement’’26 includes
the recommendation that cyclists with signs or symptoms of
a concussion be withdrawn from competition; a cycling-
specific concussion-evaluation card is available for down-
load to assist with assessments. Union Cycliste Internatio-
nale, the governing body of international professional
cycling competition, recommended the use of the SCAT3
and later versions,27 but at this time, in spite of
recommendations from cycling medicine experts,28 no
formal oversight of most amateur cyclists occurs and no
standardized brain injury-assessment tool has been identi-
fied. Outside of the highest levels of professional cycling
(Union Cycliste Internationale WorldTeams and Profes-
sional Continental teams), elite cycling teams typically do
not have a team doctor or medical staff available to
evaluate injuries or perform sideline concussion assess-
ments. Given the current state of HI monitoring in cycling,
in light of the results of our study and others, more efforts
are needed regarding concussion assessment and treatment
in recreational and amateur cyclists.

LIMITATIONS

This study had several clear limitations. Our respondents
represented a subset of the cycling community, and our
findings may not apply to all cyclists in the United States,
based on differences in location, helmet use,29 sex,30 and
participation in racing. Symptom reporting in this type of
assessment is subject to recall bias and overreporting or
underreporting of symptoms.31 It is important to note that
brain injuries can result from whiplash events, which do not
necessarily involve impact to the head. Thus, the TC group
does not represent a true zero baseline. A lifetime history of
concussion was not obtained in our survey; therefore, we do
not have any information on the premorbid risk in this
group. We also do not know how treatment may have
affected the reporting. Finally, the concussion symptom
assessment used in this study was binary, and future
investigations would benefit from use of the 7-point Likert
scale outlined in the SCAT5.

CONCLUSIONS

From this survey of cycling crash–related injuries, we
conclude that cyclists who reported a crash resulting in an
HI were more likely than TCs to endorse concussion
symptoms and display signs of potential HI, including
damage to their helmet, loss of consciousness, and
posttraumatic amnesia. Also, cyclists may be less likely
to receive medical care despite signs and symptoms of
concussion. As cycling is rising in popularity and carries a
significant risk of traumatic injury, larger surveys of US
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cyclists’ HIs are warranted. Based on our results, we
advocate increased efforts in concussion education and
monitoring in both competitive and noncompetitive cy-
clists, as well as baseline examination and screening for
long-term behavioral health.
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