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Abstract

Background Sport-related concussion is recognized as a significant injury with variable recovery rates.

Objective This study defined the acute natural history of sport concussion in male and female collegiate athletes participat-
ing in a broad array of sports.

Methods We conducted a prospective, longitudinal investigation among collegiate student athletes (n=34,709) from 30
academic institutions. Primary outcomes included the time (days) from injury until initiation of a return to participation
(RTP) protocol and time from injury until medical clearance for unrestricted RTP.

Results Concussed athletes (n=1751, 19.2 years, 63.2% male) participating in 22 different sports began the RTP protocol
in a median 6.4 (IQR 3.7-11.8) days. Time to initiate the RTP protocol was lengthened by less frequent post-injury assess-
ments, greater initial post-injury symptom severity, limited contact sports participation, practice/training injuries, and three
or more prior concussions. The median total RTP duration was 12.8 (IQR 8.7-20.1) days. Total RTP duration was shorter
with ADHD medication usage, males, and greater assessment frequency; while greater initial post-injury symptom severity,
practice-/training-related injuries, and three or more prior concussions had longer recoveries.

Conclusion Although median recovery times are consistent with previous guidelines, it was not until 1 month post-injury
that a preponderance of collegiate athletes were cleared to begin the RTP protocol (92%) or cleared for unrestricted sport
participation (85%). Intrinsic and extrinsic factors had a small effect, altering recovery trajectories by up to 2 days, suggesting
a largely unified approach to post-injury monitoring and management across all athletes. These data represent a shift from
previous classification parameters of normal clinical recovery.
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Key Points

Symptom resolution and return to play from sport-
related concussion may take up to 1 month in a prepon-
derance of athletes.

Some intrinsic (e.g., concussion history) and extrinsic
(e.g., injury setting) factors may modify recovery, but
with minimal impact on the overall time course.

Normal recovery from sport-related concussion should
be viewed as a process taking up to 1 month, double that
of previous recommendations.
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1 Introduction

Concussion (i.e., mild traumatic brain injury) occurring
during sport participation has been the focus of increasing
public concern over the past decade. Despite increased
research efforts, the natural history of concussion across
diverse cohorts of collegiate athletes remains undefined,
as the preponderance of sport concussion research has cen-
tered on male athletes participating in collision sports and
female soccer athletes.

Sport-related concussion (SRC) recovery is widely
viewed as rapid with medical organizations [1, 2] and
international consensus [3] demarcating normal clinical
recovery within 10-14 days, while those with symptoms
persisting beyond 2 weeks categorized as ‘atypical’. Sub-
sequent to symptom resolution is the implementation of
a standardized return to participation (RTP) protocol.
The most widely employed RTP protocol is a six-step
progression that moves the athlete through increasingly
more intense exercise before a return to unrestricted sport
participation [3]. Unfortunately, generalizability of this
recovery classification is limited by a dearth of research on
female athletes, those participating in sports traditionally
viewed at low risk for injury (e.g., swimming), and other
pre- and post-morbid characteristics.

A systematic review of factors influencing concussion
recovery among adults identified a history of migraine and
mental health diagnoses (e.g., depression), as well as the
initial symptom burden, as factors that may prolong the
recovery trajectory, while attention-deficit/hyperactivity
disorder (ADHD) did not [4]. Other potential moderators
of recovery such as concussion history [5], somatization
[6], loss of consciousness [5], post-traumatic amnesia [5],
injury setting (i.e., practice vs competition), and type of
sport participation have been less well studied.

As such, this investigation sought to evaluate the con-
cussion recovery trajectory using three post-injury inter-
vals: (1) time from injury until initiation of an RTP pro-
tocol, (2) length of the RTP protocol, and (3) time from
injury to unrestricted RTP.

2 Methods

The CARE Consortium is a 30-site investigation designed
to delineate the acute natural history and neurobiology of
concussion. Standardized methods for each participating
site are detailed in a prior publication [7]. All varsity-
level athletes at 26 civilian institutions and all varsity
athletes and cadets from four military service academies

within the United States were eligible to participate. All
sites obtained local approval from their respective Institu-
tional Review Board and the United States Army Human
Research Protection Office prior to data collection. This
study was conducted in accordance with the Declaration
of Helsinki.

Following written informed consent, each participant
completed a pre-season baseline evaluation consisting of
participant demographics and medical history, and evalu-
ations of symptoms, postural control, mental status, and
neurocognitive functioning. During the baseline evaluation,
participants self-reported medical history (diagnosed con-
ditions when appropriate) and concussion history using a
custom-built electronic data capture platform [7] and sports
were categorized as Contact (e.g., football, ice hockey),
Limited Contact (e.g., baseball/softball), or Non-Contact
(e.g., golf, track) [8].

The local physicians used a common concussion defi-
nition [9] for injury diagnosis and post-injury protocol.
Following concussion diagnosis, participants were admin-
istered research assessments at five additional post-injury
time points: at least once within 48 h of injury, at RTP
protocol initiation, when cleared for unrestricted RTP, and
6 months post-injury. Post-injury evaluations implemented
the same measures as the baseline examination. Between
the initial post-injury evaluation and RTP protocol initia-
tion, concussed participants reported symptom status to
the study staff in-person daily, for up to 14 days, and then
once a week if they had not returned to unrestricted play.
Medical teams may have elected to continue administer-
ing daily symptom inventories for clinical purposes, but
those data were not included in the research database or
analysis for this paper. Symptoms were captured using the
Sport Concussion Assessment Tool (SCAT) symptom list,
a 22-item inventory with severity ranked on a 0-6 scale.
Percent completion of the daily symptom reports was used
as a metric of clinical care assessment frequency. Consistent
with medical [1, 2] and international [3] recommendations,
the presiding clinician’s exam served as the gold standard
throughout post-injury management, clearing concussed
athletes to begin a standardized RTP protocol [3] (RTP pro-
tocol initiation) and again for unrestricted RTP (i.e., first
available practice or competition following medical clear-
ance). Metrics other than the clinical exam and symptom
evaluations may have been used by clinicians to determine
the initiation of the RTP protocol and determine the timing
of unrestricted RTP, but were not included in this analy-
sis or captured in the study database. Study team members
recorded study-related variables on paper case report forms
that were later entered into the database by trained research
team members.
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2.1 Participants

Between Fall 2014 and Spring 2018, 38,888 athletes and
cadets were enrolled in the investigation. As the intent of
this paper was to characterize the natural history of SRC,
service academy cadets who did not participate in varsity
sport [10] (n=10,522) were excluded from this analysis.
Following enrollment and intake, 2256 incident concussions
were recorded. Concussions occurring outside of varsity
sport participation (e.g., motor vehicle accident, n=340),
and repeat sport-related concussions occurring during
the study period (n=207) were excluded. A total of 1709
athletes sustaining a concussion while participating in 22
unique National Collegiate Athletic Association (NCAA)
sports were included in the analyses (Fig. 1).

2.2 Data Analysis

Descriptive statistics for continuous variables and percent-
ages for categorical variables were calculated for baseline
demographic and examination measures, injury character-
istics, and post-injury (within 48 h) measures. The primary
outcomes used to characterize SRC recovery trajectory were
days from injury until RTP protocol initiation, days of the
RTP protocol, and total RTP duration. Athletes who had not
reached RTP initiation or full RTP when the season ended
and follow-up was not readily available (e.g., practices were
no longer scheduled and/or athletes left campus) were right
censored for analysis. Thus, an exact time for RTP or RTP
protocol initiation could not be determined. Using time-to-
event (survival) analysis techniques, censored observations
(those where RTP initiation and/or full RTP were not cap-
tured) are included in the analysis up until the censoring
time. This included 220 athletes at RTP protocol initiation
and an additional 28 athletes at the unrestricted RTP point.

Model building for time to RTP protocol initiation, RTP
protocol duration, and total RTP duration were completed
using a series of univariate Cox proportional hazard models
and Kaplan—Meier survival curves fit to screen all of the
candidate predictors. The univariate concussion history anal-
ysis showed no differences among those with a history of
zero (n=965), one (n=>539) or two (n=147) concussions;
therefore, further analyses used a dichotomous measure (<2
[n=1651] vs > 3 prior concussions [n=67]). The candidate
variables that had a p-value of <0.20 in the univariate mod-
els were then divided into three groups: baseline, injury, and
post-injury. A p-value of <0.20 was selected to reduce the
number of candidate predictors but allow those that may be
important in multivariable models to remain. The p-value
of <0.20 for the initial screening of the many candidate inde-
pendent variables was chosen based on a simulation study
[11] indicating that screening variables with significance

tests perform well as long as the significance level is set to
0.20 or higher.

Within each of those time domain subsets, the best model
was chosen among all possible models based on the Akaike
Information Criteria (AIC). Minimizing the AIC returns the
best fitting, most parsimonious model. Utilizing minimiza-
tion of AIC in the analysis to construct multivariable models
requires that a dataset with only cases with a complete set
of independent variables be used. This is due to the fact
that a difference in sample size (because of missing data)
changes the number of degrees of freedom, which in turn
affects the AIC. Proper comparison cannot occur between
the AICs of different models unless the sample size is the
same. Because of this, we chose study variables that had
lower levels of missing data in order to maximize the com-
plete sample size. The variables identified in the three sepa-
rate time domain models were then combined and the best
overall multivariable model for each time to event interval
(RTP protocol initiation, protocol duration, and total RTP
duration) was chosen based on the AIC. Separation based
on the time point domain was done primarily due to miss-
ing values at the post-injury time point. Since AIC requires
complete cases of all variables, running them separately and
then again together is essentially a sensitivity analysis to
ensure that the missing values are not causing the results to
be skewed. Time to RTP initiation and total RTP time have
a subjective component based on clinical judgement that
could induce a correlation among observations at a given
institution. Therefore, as a sensitivity analysis, we fit Cox
proportional hazards regression models with generalized
estimating equations to adjust for any within-school cor-
relation for each of the final models. Although the hazard
ratios changed slightly, the statistical significance levels and
the interpretation of the results were unchanged. Data were
analyzed using R Studio (version 1.1.463) and median val-
ues (interquartile range [IQR]), along with hazard ratios and
95% confidence intervals (CI) are reported.

3 Results

At the time of enrollment, the 1751 concussed participants
(63% male) were 19.2 (x1.3) years old, participating in
Contact (79%, n=1387), Limited Contact (17%, n=292),
and Non-Contact (4%, n="72) sports. Overall, concussions
occurring during American football (34.6%) were the most
prevalent. Concussed female athletes most commonly partic-
ipated in football (i.e., soccer) (23.4%), volleyball (14.0%),
basketball (12.9%), and lacrosse (8.4%). Concussed male
athletes most commonly participated in American football
(54.7%), football (10.7%), basketball (6.8%), and wrestling
(6.4%). Table 1 provides other baseline and post-injury
characteristics.
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for Participants without
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1191 Repeated Baselines
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70 Concussions with no
Baseline prior to concussion
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Fig. 1 Flow of participants to evaluate the natural history of concussion from sport
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Table 1 Baseline and post-injury characteristics captured from con-
cussed participants (n=1709)

ADHD diagnosis (pre-morbid)

Yes 155 (9%)
No 1550 (89%)
Missing 46 3%)
ADHD medication use
(among those indicating a diagnosis)
Baseline 49 (32%)
Post-injury 43 (28%)
No 106 (68%)
Migraine diagnosis (pre-morbid)
Yes 150 (9%)
No 1560 (89%)
Missing 41 2%)
Prior concussions
<2 1651 (94%)
>3 57 3%)
Missing 43 (2%)
SCAT symptom severity
Baseline score* 5.0(4.6,5.4)

Post-injury score* 27.7 (26.6,28.8)

Brief symptom inventory—somatization

Baseline score* 0.9 (0.8,0.9)
Injury setting

Competition 589 (34%)

Practice/training 1162 (66%)
Loss of consciousness

Yes 81 (5%)

No 1653 (94%)

Missing 17 (1%)
Post-traumatic amnesia

Yes 178 (10%)

No 1554 (89%)

Missing 19 (1%)

Daily post-injury symptom assessment fre- 64.1% (62.7-65.5)

quency*

Return to play protocol duration, median(IQR) 6.0 days (4.0-7.3)

Categorical variables are presented as those within each bin (sample
percentage)

ADHD attention deficit/hyperactivity disorder, IQR interquartile
range, SCAT Sport Concussion Assessment Tool

All other data (*) are presented as mean (95% confidence interval)

3.1 Time from Injury to Return to Participation
Protocol Initiation

Across all athletes participating in all sport and injury set-
tings, the median (IQR) duration from the date of injury to
RTP protocol initiation was 6.4 (3.7-11.8) days with 55%
(95% CI 52.7-57.3) beginning the RTP protocol by day 7,
81% (95% C179.2-82.9) by day 14, 90% (95% CI 88.1-91.0)

by day 21, and 92% (95% CI 90.7-93.3) by day 28 post-
injury (Fig. 2).

3.1.1 Variable Screening

To identify factors influencing the recovery time course, uni-
variate survival analyses of categorical data identified sex
(p=0.10), concussion history (p =0.006), ADHD diagno-
sis (p=0.10), sport category (p =0.03), ADHD medication
use after injury (p=0.11), and injury setting (p <0.004) as
having a significant relationship with time to RTP protocol
initiation. Table 2 presents the median time to RTP proto-
col initiation for each variable. Table 3 presents the weekly
cumulative percent of athletes initiating the RTP protocol
up to 1-month post-injury for each variable. Kaplan—-Meier
recovery curves for these variables are available in the Elec-
tronic Supplemental Material (ESM).

Among the continuous variables, Brief Symptom Inven-
tory (BSI) Somatization score (p =0.20, hazard ratio [HR]
0.98 [95% CI 0.96-1.01]), symptom severity at baseline
(p=0.09, HR 0.995 [95% CI 0.99-1.00]); post-injury symp-
tom severity (p <0.001, 0.99 [95% CI 0.99-0.99]), post-
injury assessment Balance Error Scoring System (BESS)
Firm score (p <0.001, HR 0.977 [95% CI 0.96-0.99]),
Standardized Assessment of Concussion (SAC) total score
at post-injury (p <0.001, HR 1.04 [95% CI 1.02-1.06]),
and post-injury assessment frequency (p <0.001, HR 1.01
[95% CI 1.01-1.02]) were significant predictors of time
to RTP protocol initiation and were included in the multi-
variate models. Self-reported migraine diagnosis (p =0.44),
observed loss of consciousness (p=0.94), and observed
post-traumatic amnesia (p =0.24) did not reach the level of
significance necessary to suggest a relationship with symp-
tom resolution.

3.1.2 Model Building

The best model using baseline measures based on the AIC
included three variables that were associated with longer
time to RTP protocol initiation: three or more prior concus-
sions, higher baseline symptom severity score, and sport
category (limited and non-contact compared with contact
sports). For measures recorded at the time of injury, only
concussions occurring during practice/training significantly
extended symptom resolution. Finally, among post-injury
variables, higher post-injury symptom severity scores within
48 h of injury and less frequent daily post-injury symptom
evaluation were associated with longer times, while ADHD
medication taken after injury was associated with shorter
times.

The best overall multivariable proportional hazards
model, as determined by minimizing the AIC, included five
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variables. Athletes participating in limited-contact sports,
reporting higher post-injury symptom severity score, injury
in practice/training, and self-report of three or more prior
concussions were all associated with a longer time to RTP
protocol initiation. Those with a higher daily post-injury
symptom assessment frequency had shorter times to RTP
protocol initiation. Hazard ratios and 95% confidence inter-
vals for the final model are presented in Table 4.

3.2 Return to Participation Protocol Duration

Across all athletes participating in all sport and injury set-
tings, the median duration of the RTP protocol was 6.0 (IQR
4.0-7.3) days, with 73% (95% CI 71-75) completing the
protocol within 7 days, 92% (95% CI 91-93) within 14 days,
95% (95% CI 94-96) within 21 days, and 97% (95% CI
96-98) within 28 days.

Days after injury

3.2.1 Variable Screening

To identify factors influencing the recovery time course,
univariate survival analyses of identified injury set-
ting (p =0.004), gender (p =0.07), concussion history
(p=0.02), ADHD medications after injury (p =0.20),
athletic division (p =0.03), daily post-injury assessment
frequency (p =0.004), post-injury symptom severity
(»<0.001), BSI somatic raw score at baseline (p =0.14),
and BESS Firm Score (p =0.19) as having a significant
relationship with RTP protocol duration. Table 2 presents
the median time of the RTP protocol for each variable.

3.2.2 Model Building

The best model using all possible predictors chosen by the
AIC method included eight variables: daily post-injury
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Median days (IQR) Hazard ratio 95% C1 Overall p-value
Time to RTP protocol initiation
Sex
Male 6.0 (3.2-11.0) 1.08 0.98-1.20 0.1040
Female 6.9 (3.9-12.2)
ADHD diagnosis
Yes 5.7 (2.9-9.7) 1.14 0.96-1.35 0.1306
No 6.7 (3.7-11.9)
Sport category
Limited contact 7.0 (4.1-12.9) 0.87 0.76-0.99 0.0326
Non-contact 7.6 (4.4-13.9) 0.81 0.64-1.03
Contact 6.0 (3.3-13.9)
Injury setting
Practice/training 6.9 (3.8-12.3) 0.86 0.78-0.95 0.0036
Competition 5.5(3.0-9.9)
Concussion history
>3 7.9 (4.7-17.8) 0.70 0.54-0.90 0.0062
<2 6.3 (3.6-11.2)
ADHD medication
Yes 5.9 (2.9-9.6) 1.28 0.94-1.73 0.1081
No 6.5 (3.7-11.9)
RTP protocol duration
Sex
Male 6.0 (4.0-7.1) 1.10 0.99-1.21 0.0723
Female 6.0 (4.0-7.9)
ADHD diagnosis
Yes 6.0 (4.0-6.6) 1.11 0.94-1.32 0.2046
No 6.0 (4.0-7.8)
Sport category
Limited contact 6.0 (3.9-7.0) 1.06 0.93-1.20 0.4763
Non-contact 5.9 4.1-9.1) 0.90 0.71-1.15
Contact 6.0 (4.0-7.5)
Injury setting
Practice/training 6.0 (4.1-7.8) 0.86 0.78-0.95 0.0038
Competition 5.9 (3.6-7.0)
Concussion history
>3 6.0 (5.1-9.85) 0.74 0.57-0.95 0.02
<2 6.0 (4.0-7.3)
ADHD medication
Yes 4.5 (3.1-6.1) 1.22 0.90-1.65 0.196
No 6.0 (4.0-7.5)
Total RTP duration
Sex
Male 12.2 (8.3-19.7) 1.11 1.00-1.22 0.0435
Female 13.2 (9.0-22.0)
ADHD diagnosis
Yes 11.8 (8.1-17.1) 1.15 0.98-1.36 0.0954
No 12.9 (8.7-20.5)
Sport category
Limited contact 13.3 (9.0-20.7) 0.91 0.80-1.04 0.0801
Non-contact 14.3 (8.9-27.9) 0.79 0.62-1.01

Contact

12.6 (8.5-19.9)
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Table 2 (continued)

Median days (IQR) Hazard ratio 95% C1 Overall p-value

Injury setting

Practice/training 13.4 (8.9-21.0) 0.85 0.76-0.94 0.0013

Competition 11.6 (7.9-18.3)
Concussion history

>3 14.0 (10.8-30.8) 0.67 0.52-0.87 0.0022

<2 12.7 (8.6-19.9)
ADHD medication

Yes 11.3 (6.9-14.9) 1.38 1.02-1.87 0.0359

No 12.9 (8.7-20.5)

Within a variable, hazard ratios were referenced against the last category. Hazard ratios>1.0 indicate

shorter times

ADHD attention deficit/hyperactivity disorder, CI confidence interval, IQR interquartile range, RTP return

to participation

assessment frequency, post-injury SCAT symptom severity
score, injury setting, previous concussions, baseline SCAT
symptom severity score, athletic division, ADHD medi-
cations after injury, and baseline BSI-18 Somatic score.
Hazard ratios and 95% confidence intervals for the final
model are presented in Table 4.

3.3 Total Return to Participation Duration

Across all athletes participating in all sport and injury
settings, the median total RTP duration was 12.8 (IQR
8.7-20.1) days, with 16% (95% CI 14-18) returning to
participation by day 7, 57% (95% CI 55-60) by day 14,
77% (95% CI 75-79) by day 21 and 85% (95% CI 84-87)
by day 28 post-injury (Fig. 2).

To identify factors influencing the recovery time
course, univariate survival analyses of categorical data
identified sex (p =0.043), concussion history (p =0.002),
ADHD diagnosis (p =0.10), sport category (p =0.08),
athletic division (p =0.17), ADHD medication post-injury
(p=0.04), and injury setting (p =0.0013) as having a sig-
nificant relationship with total RTP duration. Table 2 pre-
sents the median time to return to participation for each
variable. Table 3 presents the weekly cumulative percent
of athletes for total RTP duration up to 1 month post-
injury for each variable. Kaplan—Meier recovery curves
for these variables are available in the ESM.

Among the continuous variables, post-injury assess-
ment SAC Total Score (p=0.0014, HR 1.03 [95% CI
1.01-1.05]), symptom severity at baseline (p =0.10,
HR 0.995 [0.990-1.000]); post-injury symptom sever-
ity (»p <0.001, HR 0.988 [0.986-0.991]), post-injury
assessment BESS Firm score (p =0.0042, HR 0.981
[0.968-0.994]), and post-injury assessment frequency
(p<0.001, HR 1.01 [1.008-1.013]) were significant

predictors of total RTP duration and included in the mul-
tivariate models. History of migraine diagnosis (p =0.44),
loss of consciousness (p =0.94), and post-traumatic amne-
sia (p=0.24) did not reach the level of significance neces-
sary to suggest a relationship with RTP.

3.3.1 Model Building

The best model using baseline measures based on the AIC
included three variables that were associated with longer
time to RTP: limited and non-contact sports, three or more
prior concussions, and athletic Division III. For measures
recorded at the time of injury, only concussion during
practice/training compared with competition was signifi-
cant. Finally, among post-injury variables, higher symptom
severity score and less frequent daily post-injury symptom
assessment were associated with longer RTP times, while
ADHD medication usage following injury was associated
with shorter times.

The best overall multivariable proportional hazards
model, as determined by minimizing the AIC, included six
variables. Longer RTP times were associated with higher
post-injury symptom severity score, practice/training inju-
ries, and self-report of three or more prior concussions.
ADHD medication usage, male sex, and those with higher
symptom assessment frequency returned to play sooner.
Hazard ratios and 95% confidence intervals for the final
model are presented in Table 4.

4 Discussion

Findings from this nationwide prospective study deline-
ate the natural history of SRC recovery and RTP in male
and female athletes participating across the full array of
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Table 3 Week by week cumulative percent (95% confidence interval) of athletes reporting as RTP protocol initiation, RTP protocol, and total RTP duration for variables identified as having a

significant relationship with recovery. Total RTP duration encapsulates time to RTP initiation and RTP protocol duration

Injury setting

Sport category

ADHD medication

Concussion history

Female

Male

Practice/training

Competition

No Contact Limited contact Non-contact

Yes

Time to RTP protocol initiation

52% (49-55)
80% (78-82)
89% (87-91)

61% (57-65)
83% (80-86)
91% (89-93)
93% (91-95)

49% (37, 61)

50% (44-56)
78% (713-83)
88% (84-92)
90% (87-93)

56% (53-59)
82% (80-84)
90% (88-92)
92% (91-93)

55% (53-57)

60% (45-75)
88% (78-98)

45% (33-57)
70% (59-81)

55% (53-57)
82% (80-84)
90% (89-91)

52% (48-56)
80% (77-83)
89% (87-91)

57% (54-60)

By day 14  82% (80-84)

By day 7

76% (66-86)
85% (717-93)

81% (79-83)
89% (88-90)
92% (91-93)

93% (85-100)

82% (73-91)

90% (88-92)

Byday 28  92% (90-94)

By day 21
Total RTP duration

91% (89-93)

89% (82-96)

92% (91-93) 85% (76-94) 95% (88-100)

92% (90-94)

14% (12-16)
54% (51-57)

20% (17-23)

12% (4-20)

17% (15-19)  14% (11-17) 16% (14-18) 9% (2-16) 26% (13-39)  16% (14-18) 17% (15-19) 13% (9-17)

Byday 14 58% (55-61)

By day 7

64% (60-68)
80% (77-83)

49% (37-61)

58% (56-60) 51% (39-63) 72% (59-85)  57% (55-59) 59% (56-62) 54% (48-60)
86% (16-96)  76% (74-178) 76% (71-81)

77% (75-79)

56% (52-60)
74% (71=77)

75% (73-77)

67% (56-78)

61% (49-73) 77% (715-79)

78% (716-80)

By day 28 87% (85-89)

By day 21

86% (84-88) 72% (61-83) 88% (78-98)  85% (83-87) 86% (84-88) 83% (79-87) 75% (65-85) 88% (85-91) 84% (82-86)

82% (79-85)

RTP return to participation

collegiate sports. Following a diagnosed concussion, the
overall median time to initiate the RTP protocol neared
1 week, followed by a 6-day RTP protocol, resulting in a
total median RTP duration approaching 2 weeks. The recov-
ery metrics for time to RTP protocol initiation (6.4 days) and
total RTP duration (12.8 days) in our population are skewed
towards a rapid improvement, although 19% of the athletes
continued to report symptoms at 2 weeks and 8% remained
symptomatic 28 days post-injury. Furthermore, nearly half
had not returned to play 2 weeks after injury and 15% had
not returned to play 1 month after injury. A number of fac-
tors altered the recovery trajectory up to 2 days. Collectively,
the individual variability in injury recovery documented here
(see Fig. 2) and elsewhere [12—15] suggests that describing
‘normal recovery’ (defined by time for resolution of symp-
toms and clearance for unrestricted RTP) as occurring within
a 2-week timeframe [3] may be too restrictive and does not
accurately characterize the entirety of injury recovery. Set-
ting the expectation that symptom resolution and the return
to play process may take up to 4 weeks more fully encapsu-
lates ‘normal recovery’ for the preponderance of collegiate
athletes and potentially reduces any stigma surrounding
those requiring the full duration.

Concussion recovery reported in this study is consid-
erably longer than that found in seminal work conducted
in American football athletes, reporting a median time
of 2.0 days to RTP protocol initiation and an additional
3.0 days until unrestricted RTP [16]. While this study was
not designed to identify the underpinnings of the lengthened
timeline, attention around concussive injuries has increased
considerably over the previous decade, with enhanced ath-
lete awareness [17] and improved clinical care [14]. These
efforts have resulted in an overall upward trend in symptom
reporting duration [18], suggesting an increased concussion
symptoms awareness and/or willingness to acknowledge
them, and the implementation of a standardized RTP pro-
tocol [3]. The RTP protocol duration in this study spanned
6.4 days, contributing significantly to the increase in total
RTP duration among American football athletes from the
1999-2001 and 2014-2017 academic years (3.0 days vs
12.2 days) [14]. Others have conducted similar evaluations
in a pediatric cohort, reporting a slightly smaller percent-
age of the youth athletes achieving asymptomatic status at
1 month [19, 20]—a finding that is consistent with a meta-
analytic review evaluating age-related differences [21].

The univariate and multivariate models identified both
injury and non-injury (e.g., demographics) factors that
influenced the time to RTP protocol initiation and total RTP
duration (Tables 2 and 4). While the magnitude of difference
between the groups was 1-2 days (Table 2), each analytical
approach informs clinical care by alerting clinicians to what
factors should be investigated and attended to in understand-
ing and evaluating the recovery trajectory after concussion.
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Table 4 Final multivariable

¢ Hazard ratio® 95% CI p-Value

models for time to RTP protocol

initiation, RTP protocol Time to RTP protocol initiation

duration, and total RTP duration Daily post-injury symptom assessment frequency® 1.15 1.13-1.18 <0.001
Symptom severity post-injury® 0.89 0.86-0.92 <0.001
Sport category: limited contact sport 0.83 0.71-0.96 0.015
Sport category: non-contact sport 1.09 0.82-1.45 0.57
Injury setting: practice/training 0.77 0.68-0.88 <0.001
Previous concussions >3 0.68 0.50-0.92 0.013

RTP protocol duration
Daily post-injury symptom assessment frequency® 1.04 1.02-1.08 <0.001
Symptom severity post-injury® 0.94 0.91-0.97 <0.001
Injury setting: practice/training 0.82 0.72-0.94 0.003
Symptom severity baseline 0.92 0.84-1.00 0.048
Previous concussions >3 0.58 0.42-0.80 <0.001
Division II 1.05 0.88-1.25 0.60
Division IIT 0.80 0.67-0.97 0.018
BSI Somatic raw score 1.08 1.03-1.12 <0.001
ADHD medication, yes 1.51 1.05-2.15 0.025
Total RTP duration

Gender, male 1.11 0.98-1.26 0.091
Daily post-injury symptom assessment frequency® 1.13 1.10-1.16 <0.001
Symptom severity post-injury® 0.90 0.87-0.92 <0.001
Injury setting: practice/training 0.76 0.66-0.86 <0.001
Previous concussions >3 0.63 0.46-0.851 0.003
ADHD medication, yes 1.44 1.00-2.07 0.05

ADHD attention deficit/hyperactivity disorder, BSI Brief Symptom Inventory, CI confidence interval, RTP

return to participation

%Hazard ratios > 1.0 indicate shorter time

Hazard ratios for the symptom score and assessment frequency are for increases of ten units for interpreta-

tion

For example, those participating in contact/collision sports
(e.g., football) had symptom resolution and full RTP status
1-2 days sooner than those in limited contact and non-con-
tact sports. The factors explaining this difference were unex-
plored, but others have noted that collision sport athletes are
the most likely to conceal concussion-related symptoms at
the time of injury [22], suggesting they may also mitigate
symptoms to accelerate their return to sport.

The context of the concussive injury also appears to play
a role in recovery. Concussions occurring during competi-
tions required 1.4 fewer days to initiate the RTP protocol
and 1.8 days less for total RTP duration. Shorter recovery
times for game injuries may be related to increased medical
vigilance resulting in faster identification and removal from
play, a factor independently associated with recovery dura-
tion [23]. Furthermore, a large proportion of practice-related
concussions (33.6%) occurred during the off-season, when
time allotments allow the medical staff to be more conserva-
tive in progressing an athlete back to participation.

Consistent with prior work, higher initial post-injury
symptom burden lengthened the recovery process [12],
perhaps serving as a marker of injury severity [24]. Also
of interest is the association between symptoms evalua-
tion frequency and reduced symptom resolution time and
total RTP duration. It is doubtful that a daily evaluation
alters the biological recovery process, but missed symptom
checks within the first 14 days may preclude the clinician
from identifying the exact day of resolution and initiation
of the RTP protocol. In addition, local medical staff may
not perform daily checks in athletes with persistent but
stable symptoms, but rather ask the athlete to return when
the symptom presentation changes.

Concussion history has long been described as a factor
influencing recovery, with each successive injury length-
ening the recovery time [5]. Our findings noted that only
those reporting three or more injuries prior to the incident
concussion had a significantly longer recovery process,
taking 1.6 and 1.3 days longer to begin the RTP protocol
and for total RTP duration, respectively. While cumulative
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biological injury may have influenced the time to RTP pro-
tocol initiation, it did not appear to change the RTP pro-
tocol duration, suggesting clinicians are managing those
with and without a significant concussion history similarly.

The biological foundation for shorter recoveries among
those reporting ADHD medication use is beyond the scope
of this investigation. ADHD medication use decreased from
baseline (32%) to post-injury (28%) among those report-
ing an ADHD diagnosis. Regardless, ADHD medications
are known to improve concentration [25], which may have
assisted athletes in a post-concussion state to perform nor-
mally on concussion assessments. These findings, however,
are consistent with a systematic review addressing concus-
sion recovery in those with ADHD [4], but differ from work
done in pediatric participants [26].

A shortening of the recovery timeline was noted between
sexes, whereby male athletes reported RTP protocol initia-
tion 1 day earlier than females (6 vs 7 days) and a total RTP
duration that was abbreviated by 1.0 day (12.2 vs 13.2 days).
Women are known to have higher concussion rates when
participating in comparable sporting events (e.g., soccer)
[27] and larger post-concussion deficits [28], but the lit-
erature directly addressing concussion recovery duration
between the sexes is sparse and the findings are mixed [15,
29]. Females aged < 18 years are at greater risk for protracted
symptoms [30], but the reasons are not clear, although some
have speculated that recovery differences may have biologi-
cal underpinnings [31] or females may have a greater will-
ingness to disclose symptoms [22].

This study is not without limitations. As with all investi-
gations, selection bias (e.g., by institution, sport, division)
is a potential concern. The large and diverse sample of col-
legiate sports and athletes minimizes this concern. In addi-
tion, the data are regularly screened and compared against
national collegiate participation rates, which mirrors the
expected distribution of athletes with regard to attributes
such as year (freshman, sophomore etc.), sport, position,
etc. Further, concussion remains a clinical diagnosis with
no objective gold standard, making it likely for there to be
variation in how injuries were diagnosed and managed both
within and between the 30 participating sites. A standard
definition [9] was provided to all study personnel and slight
variation in its interpretation strengthens the clinical appli-
cability of our findings. Some athletes may also have been
motivated to mitigate their symptom experience, unnatu-
rally shortening the time to RTP protocol initiation. While
this is certainly possible, recent findings demonstrate RTP
protocol initiation duration has increased over the previous
two decades [14], likely showing a more accurate represen-
tation of the recovery timeline. Notably, this investigation
addresses symptom resolution and tolerance to resumption
of full activity, which may not equate with neurobiologi-
cal recovery. Additional research is needed to evaluate the

recovery trajectory of concussed athletes on standard and
emerging post-concussion metrics as there is some emerg-
ing evidence that return to pre-injury baseline measures of
brain structure and function may lag behind both resolution
of symptoms and tolerance of full participation [32-34].
The factors investigated herein do not preclude others from
influencing the recovery trajectory. For example, pre-exist-
ing factors and post-injury rehabilitation may influence
injury recovery, but were not adequately captured to allow
for inclusion in the recovery models. Lastly, we categorized
sports based on injury risk [8], leaving room for additional
research investigating recovery profiles for athletes partici-
pating in specific sports and events outside of collegiate ath-
letics. Conversely, this investigation has several strengths,
notably the size, breadth, and prospective study design that
is nationally representative of young adults participating in
sports across the entire spectrum of collegiate athletics.

5 Conclusions

This investigation highlights the enhanced understanding
of concussion, concussion recovery, and influence of mod-
ern approaches to concussion management across a diverse
cohort of male and female athletes participating in multiple
collegiate sports. Consistent with prior work, our findings
demonstrate variability in injury recovery duration, but the
normal recovery window from concussion for a majority
of athletes may extend up to 1 month. Both intrinsic and
extrinsic factors slightly altered that timeline, but the magni-
tude of influence on the recovery trajectory between cohorts
was ultimately small, suggesting a largely unified approach
to recovery monitoring and concussion management across
all athletes in all sports. As such, clinicians should continue
implementing a conservative management strategy based on
contemporary guidelines, but remain aware of the reality of
individual athlete recovery trajectories and associated risk
factors.
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