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ABSTRACT
Purpose: We investigated time to reach concussion diagnosis and recovery milestones in collegiate 
athletes relative to their schools’ National Collegiate Athletic Association (NCAA) classification.
Methods: We retrospectively examined 849 (43.1% female) concussion cases from 11 NCAA institutions 
(Division I Power 5 [n = 4], Division I Non-Power 5 [n = 4], and Division II/III [n = 3]) from the 2015–16 to 
2019–20 athletic seasons. Our primary outcome measures were days to reach specific clinical milestones 
following concussion.
Results: Median (IQR) time from injury to diagnosis was significantly longer at Division II/III institutions (1 
[0–4] days) compared to Division I Power 5 (0 [0–1] days) and Division I Non-Power 5 (0 [0–1] days) 
institutions (p < 0.001). Likewise, Division II/III athletes (15 [11–22] days) took significantly longer to return 
to sport after concussion than Division I Power 5 (10 [7–16] days) and Division I Non-Power 5 (11 [7–18.5] 
days) athletes (p < 0.001).
Conclusion: Division II/III athletes had delayed concussion diagnoses and return to sport timelines 
compared to Division I athletes. Our results suggest that differences in sports medicine resources across 
NCAA divisions may influence injury recognition and recovery in collegiate athletes with concussion.
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Introduction

Concussions are prevalent injuries in collegiate athletics, par-
ticularly among athletes who compete in contact or collision 
sports (1,2). In a review of National Collegiate Athletic 
Association (NCAA) injury data from the 2009–10 to 2013– 
14 seasons, football (36.1%), men’s ice hockey (13.4%) and 
women’s soccer (8.1%) had the highest incidence of concus-
sion (2). Additionally, concussions represent 6.8% of all inju-
ries in collegiate football games (3) and rank among the top 
five injuries in women’s soccer (4), men’s and women’s ice 
hockey (5,6), men’s and women’s lacrosse (7), men’s and 
women’s basketball (8,9) and women’s field hockey (10).

Emerging evidence has demonstrated that individuals who 
have earlier access to health care after a concussion have 
shorter recovery times (11,12). Eagle et al. (12) found that 
days to first clinical visit was the leading predictor of pro-
longed concussion recovery among children and adolescents 
diagnosed with a concussion, with an earlier time to clinic 
associated with earlier recovery. Using a systematic review 
and meta-analysis, Barnhart, Bay and Valovich McLeod (11) 
reported that patients who immediately reported their concus-
sion recovered 5.4 days earlier than those who delayed their 

reporting. In addition to suffering acute neurological impair-
ment that can affect cognition, mood, sleep, vestibular func-
tion, and/or behavior (13), athletes who experience 
a concussion are also at risk for social isolation, loss of identity, 
and neuropsychological consequences related to time lost from 
activity and disruption of social roles and networks (14,15. 
Thus, timely care and recovery from a concussion is impera-
tive for collegiate athletes to be able to heal properly, return to 
school, return to play, and to minimize the disruption the 
injury has on their lives.

In collegiate athletics, the school’s sports medicine staff 
is often the initial access point to diagnosis and care for 
concussions across all divisions of play. Discrepancies in 
sports medicine resources among schools of different sizes 
(16), NCAA classification (17,18) and/or administrative 
models have been identified and can impact injury care 
and management (19–21). Notably, athletic departments 
whose clinician-to-athlete ratio was more than one stan-
dard deviation above average had lower injury rates, 
including 6.7% fewer injuries diagnosed as concussions, 
suggesting that greater sports medicine resources may be 
associated with reduced injury rates (20).

CONTACT Thayne A. Munce thayne.munce@sanfordhealth.org Environmental Influences on Health & Disease Group, Sanford Research, 2301 East 60th St N, 
Sioux Falls, SD 57104, USA

BRAIN INJURY                                                
https://doi.org/10.1080/02699052.2024.2310800

© 2024 Taylor & Francis Group, LLC 

http://orcid.org/0000-0001-6297-7827
http://orcid.org/0000-0002-0034-2946
http://orcid.org/0000-0002-0523-0281
http://orcid.org/0000-0003-0879-2308
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/02699052.2024.2310800&domain=pdf&date_stamp=2024-02-06


Regarding NCAA classification, athletic trainers at 
NCAA Division I schools reported caring for less athletes 
per person than athletic trainers at Division II or Division 
III schools (17). Therefore, NCAA athletes at Division II/III 
schools may have reduced or impeded access to health care, 
which may influence concussion diagnosis and management. 
In a survey of high-school athletes, those who attended 
schools with midlevel or high-level athletic training availabil-
ity were more likely to report a sports-related concussion and 
interacted with an athletic trainer much sooner after injury 
compared to athletes from schools with low-level athletic 
training availability (22). In the collegiate setting, higher con-
cussion rates were reported for ice hockey players at schools 
with higher ratios of athletic training staff to non-staff mem-
bers (graduate assistants and interns), which was a surrogate 
measure of full-time athletic trainer availability, further sup-
porting the importance of adequate athletic training staffing 
and coverage for proper concussion recognition and diagnosis 
(19). However, it is unknown if NCAA classification is asso-
ciated with concussion diagnosis and recovery timelines of 
collegiate athletes. Moreover, downstream effects of institu-
tional budgets and resources associated with NCAA classifica-
tion, namely athletic training staffing and coverage, have not 
been explored in the context of concussion management and 
recovery.

Using a retrospective chart review of concussions diagnosed 
at 11 NCAA institutions (Division I – Division III), we 
explored interactions between athletic department classifica-
tion, concussion diagnosis and recovery timelines, and athletic 
training coverage. We hypothesized that concussion diagnosis 
and recovery timelines would be related to NCAA classifica-
tion and athletic training staffing, such that Division I athletes 
with a concussion would have more accessible athletic training 
care and would be diagnosed earlier and recover more rapidly 
from their injury.

Materials and methods

Research design

The current study used retrospective patient data compiled 
by the LIMBIC Military and Tactical Athlete Research 
Study (LIMBIC MATARS) consortium. Using a common 
data dictionary, data for every athlete who sustained 
a documented concussion from the 2015–16 to 2019–20 
athletic seasons were extracted from the medical records 
of 11 LIMBIC MATARS institutions and aggregated into 
a de-identified dataset. Each school’s medical professionals 
followed their own NCAA-approved procedures and sys-
tems (e.g., EMR) for concussion diagnosis, management, 

Figure 1. Determination of case eligibility and assignment to evaluate concussion diagnosis and recovery timelines by collegiate athletic department classification and 
sport subgroup.
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and reporting during the 5-year period. This study was 
approved by the Institutional Review Board (IRB) at the 
University of Virginia and each participating institution 
followed its own IRB’s procedures for participating in this 
multi-site collaboration.

Cases

Following data cleaning (see below and Figure 1 for more 
details), we retained 849 cases (age = 19.8 ± 1.4 yr; 43.1% 
female) from athletes participating in a variety of collision, 
contact and non-contact sports for analysis. We also per-
formed subgroup analyses of the most representative contact 
and collision sports for male athlete cases (football) and female 
athlete cases (lacrosse and soccer). This approach controlled 
for sport and sex and provided context for the overall analysis. 
Athlete characteristics by athletic department classification 
and sport subgroups may be found in Table 1.

Athletic department classification

Participating institutions were grouped according to NCAA 
athletic department classifications (Division I, II, III), and 
Division I subgroups (Power 5, Non-Power 5). NCAA classi-
fications are distinguished primarily by competition level, ath-
letic department budgets (expenses and revenue), and 
scholarship offerings. The highest competition level, Division 
I, is further subdivided by conference affiliation, whereby 
member schools from the five major NCAA Division 
I conferences: Atlantic Coast Conference, Big Ten 
Conference, Big 12 Conference, Pac-12 Conference and 
Southeastern Conference are Power 5 schools, while other 

Division I schools are Non-Power 5. Overall, three groups 
were designated for this study: Division I Power 5 institutions 
(n = 4), Division I Non-Power 5 institutions (n = 4), and 
Division II/III institutions (n = 3). We grouped one Division 
I school with the Power 5 institutions even though it was not 
a member of a Power 5 conference during the study period. 
Our primary justification for this grouping is that the school 
was scheduled to join a Power 5 conference by summer 2023 
and has a budget profile and competition status more on par 
with the other Power 5 schools than non-Power 5 schools. 
Summary athletic department budgets and school enrollment 
figures for the participating institutions in this study can be 
found in Table 2.

Data collection and cleaning procedures

Investigators at participating LIMBIC MATARS sites per-
formed retrospective medical record reviews at their insti-
tutions. All documented concussion cases that occurred 
between the 2015–16 and 2019–20 athletic seasons were 
eligible for inclusion. Variables collected were standardized 
for all members of LIMBIC MATARS, including patient 
demographic information, dates of injury, diagnosis, symp-
tom resolution and return to sport, as well as medical 
history (23. Cases with missing data were retained in the 
master dataset. Investigators at each site also reported the 
overall number of athletes who participated at their institu-
tion during the 2015–16 through 2019–20 athletic seasons, 
as well as athletic training staff sizes and coverage (e.g., 
full-time, part-time; designated to a particular team, etc.) 
during the study period.

Table 1. Case information.

NCAA Classification

Variable
Division I Power 5 

n = 449
Division I Non-Power 5 

n = 230
Division II/III 

n = 170
All 

n = 849

Overall Sample
Age (yr), mean (SD) 19.8 (1.4) 19.7 (1.4) 19.8 (1.5) 19.8 (1.4)

Sex
Female 180 (40.1%) 105 (45.7%) 81 (47.7%) 366 (43.1%)
Male 269 (59.9%) 125 (54.4%) 89 (52.4%) 483 (56.9%)

Race & ethnicity, n (%)
Black or African American 86 (19.2%) 52 (22.6%) 21 (12.4%) 159 (18.7%)
White 281 (62.6%) 123 (53.5%) 74 (43.5%) 478 (56.3%)
Other 17 (3.8%) 4 (1.7%) 3 (1.8%) 24 (2.8%)
Unspecified or not reported 65 (14.5%) 51 (22.2%) 72 (42.4%) 188 (22.1%)

lFootball Subgroup
n (%) 173 (38.5%) 93 (40.8%) 44 (25.9%) 310 (36.6%)
Age (yr), mean (SD) 20.0 (1.6) 20.0 (1.3) 20.9 (1.6) 20.1 (1.5)

Race & ethnicity, n (%)
Black or African American 64 (37.0%) 39 (41.9%) 15 (34.1%) 118 (38.1%)
White 72 (41.6%) 39 (41.9%) 25 (56.8%) 136 (43.9%)
Other 7 (4.1%) 0 (0.0%) 2 (4.6%) 9 (2.9%)
Unspecified or not reported 30 (17.3%) 15 (16.1%) 2 (4.6%) 47 (22.1%)

Women’s Lacrosse & Soccer Subgroup
n (%) 38 (8.4%) 30 (13.0%) 32 (18.8%) 100 (11.8%)
Age (yr), mean (SD) 19.6 (1.2) 19.3 (1.2) 18.9 (1.0) 19.3 (1.1)

Race & ethnicity, n (%)
Black or African American 0 (0.0%) 2 (6.7%) 1 (3.1%) 3 (3.0%)
White 30 (78.9%) 19 (63.3%) 9 (28.1%) 58 (58.0%)
Other 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Unspecified or not reported 8 (21.1%) 9 (3.0%) 22 (68.8%) 39 (39.0%)
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Researchers from each participating institution then sent 
coded data to the lead investigator (JR) who compiled an 
aggregated dataset for analysis. Upon receipt of the final data-
set, we cleaned the data to remove cases with missing dates of 
injury (n = 50) or diagnosis (n = 64), and those with 
a symptom resolution date preceding the date of injury or 
diagnosis or both (n = 15). For subjects who had multiple 
observations (66), we retained the earliest case and removed 
the remaining case(s). We then analyzed the data for outliers 
using boxplots. Any datapoint flagged as an outlier was ana-
lyzed for clinical accuracy. No additional data points were 
removed beyond those meeting our a priori criteria. Details 
pertaining to data cleaning procedures can be found in 
Figure 1.

Statistical analysis

Athletic department classification, as defined above, served as 
the independent variable for our study. We chose four time-
lines as our dependent variables a priori, time (in days) from 
injury to diagnosis, time (in days) from diagnosis to symptom 
resolution, time (in days) from symptom resolution to return 
to sport and time (in days) from injury to return to sport. 
Separate analyses for each timeline were performed for A) 
overall cases, B) football cases and C) women’s lacrosse and 
soccer cases. Due to violations of homogeneity of variance and 
normality in the dependent variables (p < 0.05 for all Levene’s 
and Shapiro-Wilk’s tests), we used Kruskal–Wallis tests (SPSS 
version 27, IBM Inc, Armonk, NY) to determine differences in 
dependent variables across the levels of athletic department 
classification. We set the alpha value to less than or equal to 
0.05 a priori for all main effects and post hoc analyses. 
Bonferroni corrections for multiple comparisons were per-
formed when appropriate. In particular, for the primary time-
line analyses, 12 independent hypotheses tests were performed 
(4 timelines x 3 groups), reducing the main effect alpha value 
to 0.004.

Results

There were 849 concussion cases used in the full analysis, 
including 449 (52.9%) from Division I Power 5 institutions, 
230 (27.1%) from Division I Non-Power 5 institutions, and 170 
(20.0%) from Division II/III institutions. In the subgroup 
analysis for football, there were 310 (36.6%) cases, with 173 
(55.8%) reported at Division I Power 5 schools, 93 (30.0%) at 
Division I Non-Power 5 schools and 44 (14.2%) at Division II/ 

III schools. There were 100 (11.8%) cases in the subgroup 
analysis for women’s lacrosse and soccer, with 38 (38.0%) 
from Division I Power 5 schools, 30 (30.0%) from Division 
I Non-Power 5 schools and 32 (32.0%) from Division II/III 
schools.

Time from injury to diagnosis was significantly different 
(p < 0.001) across all divisions, with Division II/III athletes 
(1 [0–4] days; median [IQR]) taking significantly longer to 
be diagnosed (p < 0.001) compared to athletes from 
Division I Power 5 schools (1 [0–1] days) and Division 
I Non-Power 5 schools (0 [0–1] days), respectively 
(Figure 2a). Time from injury to diagnosis was also sig-
nificantly protracted at Division I Power 5 schools com-
pared to Division 1 Non-Power 5 schools (p < 0.001), 
though the majority of all Division I athletes were diag-
nosed within 1 day of injury (Figure 2a). Among the foot-
ball subgroup, time from injury to diagnosis was not 
significantly different across divisions when adjusting for 
multiple comparisons (p = 0.02) (Figure 2b). In the 
women’s lacrosse and soccer subgroup, there was 
a significant main effect for all groups (p = 0.003), with 
Division II/III athletes having significantly longer times to 
diagnosis (2 [0–4] days) than Division I Non-Power 5 
athletes (0 [0–1] days) (Figure 2c). Female soccer and 
lacrosse players from Division II/III schools also took 2 
days longer on median to be diagnosed with a concussion 
than their counterparts at Division I Power 5 schools (0 
[0–1] days), but this difference was not statistically signifi-
cant (p = 0.053) (Figure 2c).

Time from diagnosis to symptom resolution was not sig-
nificantly different across divisions in the overall sample 
(p = 0.030) (Figure 3a). Likewise, there were no significant 
differences by division in time from diagnosis to symptom 
resolution for football (p = 0.363) or women’s lacrosse and 
soccer (p = 0.093) subgroups (Figure 3b,c).

Time from symptom resolution to return to sport was 
significantly different across divisions (p < 0.001), with 
Division II/III athletes (5 [4–7] days) having significantly 
longer return to sport times than Division I Power 5 
(3 [3–5]; p < 0.001) and Division I Non-Power 5 (3 [1–6]; 
p < 0.001) athletes, respectively (Figure 4a). In the football 
subgroup, time from symptom resolution to return to sport 
was also significantly different across divisions (p < 0.001), 
with Division I Non-Power 5 athletes (5 [1–4]) having sig-
nificantly shorter return to sport times following symptom 
resolution than Division I Power 5 (4 [3–5]; p < 0.001) and 
Division II/III athletes (5 [4–6]; p < 0.001) (Figure 4b). Time 

Table 2. Institutional information.

Median (minimum, maximum)

Group School Enrollmenta Annual Athletic Department Expensesb,c

Division I Power 5 24,726 (11,938 , 34,737) 109 (74, 115)
Division I Non-Power 5 17,129 (9,344, 45,949) 20 (16, 43)
Division II/III 2,080 (1,700, 2,800) 4 (4, 10)

aSchool enrollment data obtained on March 1, 2023 via Wikipedia (https://en.wikipedia.org) by searching for school 
name and using total enrollment value. 

bAthletic department budget data obtained on March 1, 2023 via College Factual (https://www.collegefactual.com) 
by searching for school name and accessing athletic department data under ‘Sports Programs,’ ‘Total Expenses.’ 

cDollars (USD) in millions.
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from symptom resolution to return to sport was not signifi-
cantly different across divisions for the women’s lacrosse 
and soccer subgroup (p = 0.008) (Figure 4c)

Time from injury to return to sport was significantly different 
for all divisions (p < 0.001), with significant pairwise differences 
between athletes at Division II/III schools (15 [11–22] days) 
versus Division I Power 5 (11 [7–16]; p < 0.001) and Division 

I Non-Power 5 (11 [7–18.5] days; p < 0.001) schools, respectively 
(Figure 5a). In the football subgroup, time from injury to return 
to sport was not significantly different across divisions (p = 0.085); 
however, median time to return to sport was 3 to 4 days later for 
Division II/III football players (14 [9.5–19] days) as compared to 
Division I Power 5 (11 [8–18] days) and Division I Non-Power 5 
(10 [6.75–15.75] days) players (Figure 5b). In the women’s 

Figure 2. Time (days) from date of injury to date of diagnosis by collegiate athletic department classification for a) overall cases, b) football cases, and c) women’s 
lacrosse and soccer cases. *p < 0.001, **p < 0.01.
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lacrosse and soccer subgroup, time from injury to return to sport 
was significantly different across all groups (p < 0.001), with 
Division II/III female lacrosse and soccer players (17 [11–22.25] 
days) having significantly longer return to sport times than their 
counterparts from Division I Power 5 schools (9 [7–11]; 
p < 0.001) (Figure 5c).

There were distinct differences in the number of collegiate 
athletes and full-time athletic trainers by divisional classifica-
tion, with each measure increasing progressively from Division 
II/III to Division I Power 5 (Table 3). However, athlete to full- 
time athletic trainer ratios were the opposite, with the highest 
ratios found at Division II/III schools.

Figure 3. Time (days) from date of diagnosis to symptom resolution by collegiate athletic department classification for a) overall cases, b) football cases, and c) 
women’s lacrosse and soccer cases.

6 T. A. MUNCE ET AL.



Discussion

Collegiate athletic departments vary in size and resources, 
which may impact the care that athletes receive for concus-
sions. We observed several significant differences from the 
time of concussion until return to sport for collegiate athletes 
that supported our overarching hypothesis that concussion 
diagnosis and recovery timelines would be accelerated at 
schools with a higher NCAA classification. Notably, collegiate 
athletes from Division II/III schools who experienced 
a concussion had a significantly delayed time to diagnosis, 

time from symptom resolution to return to sport and time 
from injury to return to sport compared to their Division 
I peers. Moreover, athletic training coverage was progressively 
greater at each level of NCAA classification and was a plausible 
factor influencing the more rapid diagnosis and recovery time-
lines of Division I athletes.

Access to medical professionals trained in the care and 
management of concussions is thought to be a limiting factor 
in timely diagnosis of concussion (11,24). In collegiate sport 
settings, athletic trainers are often the first healthcare 

Figure 4. Time (days) from date of symptom resolution to return to sport by collegiate athletic department classification for a) overall cases, b) football cases, and c) 
women’s lacrosse and soccer cases. *p < 0.001.
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providers who are able to evaluate and recognize a concussion 
(25. Inadequate athletic training coverage may limit direct 
observations of a concussion and/or make it more challenging 

for athletes to seek care. Baugh et al. (19 reported that overall 
injury rates and non-time-loss injuries were lower at NCAA 
schools with greater patient loads (i.e., higher athlete to staff 

Figure 5. Time (days) from date of injury to return to sport by collegiate athletic department classification for a) overall cases, b) football cases, and c) women’s lacrosse 
and soccer cases. *p < 0.001.

Table 3. Athletic training staff sizes.

Median (minimum, maximum)a

Group # Full-Time ATs # Athletes Athlete:AT Relative Athlete:AT

Division I Power 5 18 (12, 22) 599 (475, 828) 34 (26, 59) Reference
Division I Non-Power 5 9 (8, 12) 397 (332, 524) 46 (32, 52) 1.4
Division II/III 5 (2, 6) 427 (225, 515) 86 (85, 112) 2.5

Abbreviations: AT, athletic trainer. 
aGroup median was derived from the 5-year means reported by each participating institution from 2015–16 to 2019–20.
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ratios), indicating a potential barrier to timely and appropriate 
injury diagnosis. Moreover, Galucci et al. (18) noted signifi-
cantly higher levels of full- and part-time athletic training 
coverage at Division I schools compared to those at Division 
II, Division III or National Association of Intercollegiate 
Athletics (NAIA) levels of competition. Athletic trainers 
from Division II/III schools in this study cared for approxi-
mately 2–2.5 times more athletes per person than their 
Division I counterparts, which may have contributed to 
delayed concussion diagnoses at the Division II/III level. 
Having fewer athletic trainers suggests that more practices 
and competitions may occur without adequate athletic training 
coverage; thus, injuries sustained in these sessions may not be 
observed by an athletic trainer and readily managed. Without 
athletic training staff present for injury surveillance, concus-
sion recognition often becomes the sole responsibility of ath-
letes and coaches, which introduces additional errors 
associated with nondisclosure. Research has demonstrated 
that reliance on patient self-reporting may lead to missed 
diagnoses or mismanagement of concussions (26).

In addition to disparities in athletic training coverage, access 
to other sports medicine professionals (e.g., physicians) was 
likely another discriminating factor between Division I and 
Division II/III schools and may have contributed to delays in 
diagnosis, return to sport or both among Division II/III athletes. 
For schools that rely on physicians to diagnose or clear athletes 
with a concussion for return to sport, physician access can be 
a rate-limiting step and prolong the concussion management 
process (27). Previous research demonstrates that Division 
I schools are more likely than those in Division II to have 
a physician on staff (17). Rankin (16) reported sharply greater 
budgets for major football Division I schools, which were 
equivalent to Division I Power 5 schools in our analysis. These 
findings mirror immense disparities in athletic department bud-
gets of participating schools in this study, with Division I Power 
5 schools spending, on average, nearly 30 times more than 
Division II/III institutions (Table 2). While many athletic 
department expenses are allocated for salaries, personnel and 
scholarships, providing additional sports medicine resources for 
athlete care is to be expected.

A decade ago, it was common for most collegiate ath-
letes to return to sport within 10 days following 
a concussion (28,29); more recently, however, investiga-
tors have reported a median return to sport duration of 
12.8 days in this population, though approximately 15% 
are not cleared within 28 days post-injury (30. The 
increased time for collegiate athletes to be cleared to 
return to sport has been associated with a greater under-
standing of concussion and its physiological recovery 
(31,32). In the current study, collegiate athletes had com-
parable median return to sport times of 10 and 11 days at 
the Division I Power 5 and Division I Non-Power 5 level, 
respectively, whereas Division II/III athletes’ median 
return to sport time was 15 days.

Several investigations have reported that early concus-
sion diagnosis and care is associated with less severe 
symptoms and faster recovery (12,33,34). In our study, 

delayed diagnosis was also associated with an extended 
recovery. Athletes from Division II/III schools were diag-
nosed with their concussion later and had a prolonged 
return to sport (4–5 days on median) compared to their 
Division I counterparts. Interestingly, Division II/III ath-
letes also had a longer period from symptom resolution to 
return to sport, which contributed to their protracted 
clearance from time of injury. It is unknown if their 
delayed diagnoses adversely affected their physiological 
recovery following symptom resolution. An alternative 
explanation to Division II/III athletes having slower 
recoveries could be that Division I athletes may have 
progressed through their return to sport protocols more 
rapidly, perhaps facilitated by more robust athletic train-
ing staff supervision or greater demands to return to 
competition. The latter could be influenced by media 
exposure, earning potential through name, image and 
likeness opportunities, institutional pressure or other fac-
tors that may be more prevalent at Division I schools, 
particularly those that compete at the Power 5 level. 
However, assuming that Division I status and influence 
is more predominant in football compared to women’s 
lacrosse and soccer (i.e., media presence and revenue 
generation), the observation that relative to Division 
I athletes, return to sport was delayed to a greater extent 
(5–8 days on median) in Division II/III female lacrosse 
and soccer players than Division II/III football players 
(3–4 days on median) suggests that undue pressure for 
Division I athletes to return to sport sooner was not 
a strong driver of our findings.

Our subgroup analyses of football and women’s 
lacrosse and soccer revealed that observed differences in 
clinical timelines of concussion diagnosis and recovery by 
NCAA division varied by sex, sport or both. For example, 
across all sports, median time to diagnosis was 1 day later 
for Division II/III athletes versus Division I athletes, who 
were typically diagnosed on the day of injury. However, 
there was no difference in median time to diagnosis for 
football players, whereas Division II/III female lacrosse 
and soccer players had a median time to diagnosis 2 
days later than their Division I counterparts. 
Furthermore, Division II/III female lacrosse and soccer 
players’ median time from injury to return to sport was 
2 days longer on median compared to Division II/III 
football players and was also more protracted relative to 
their Division I counterparts (5–8 days longer for Division 
II/III women’s lacrosse/soccer vs. 3–4 days for Division II/ 
III football, respectively). We did not capture sport- 
specific athletic training information, so we are unable 
to conclude that delayed diagnosis and return to sport 
were related to disparate athletic training coverage across 
divisions by sport or identify the extent to with these 
differences were a function of sex, sport or their interac-
tion. However, if athletic training coverage was less robust 
for Division II/III women’s lacrosse and soccer than foot-
ball, this would be consistent with our overall hypothesis. 
Clearly, additional research is needed to better understand 
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how sports medicine coverage and clinical care provided 
by schools with varying resources may differentially 
impact the health of collegiate athletes with concussion.

Limitations

As this was a retrospective analysis, injury assessments and 
documentation were not standardized across sites, and 
some sites had inconsistent internal processes from year 
to year. This resulted in many cases having missing or 
incomplete information. While the total case count was 
sufficient to perform the planned analyses for this study, 
many documented concussions that occurred at participat-
ing sites during the study period were excluded. Also, all 
concussions in this analysis were treated as equal and did 
not consider severity (e.g., symptom burden) or other miti-
gating factors such as concussion history, head impact char-
acteristics, etc. Furthermore, demographic characteristics 
such as sex, race, and sport were not independently con-
sidered in our overall analysis. However, our subgroup 
analyses using football-only cases and women’s lacrosse 
and soccer cases controlled for sex and sport and had 
comparable race and ethnic compositions. These subgroup 
analyses confirmed differences in clinical concussion time-
lines across NCAA divisions, while also identifying addi-
tional disparities related to sex, sport or both that are 
consistent with unequal access to athletic training coverage 
and sports medicine resources, warranting further investi-
gation. Still, it is possible that important determinants of 
concussion diagnosis and recovery were unaccounted for, 
including factors inherently different between NCAA divi-
sions, which may have impacted our findings. Additionally, 
we did not attempt to delineate differences in concussion 
management approach and any such differences were not 
factored into the analyses. In terms of athletic training 
coverage, only full- and part-time athletic trainers were 
reported, and we did not account for athletic training stu-
dents. Finally, the schools and cases presented here are 
relatively small samples and may not be representative of 
all schools from a particular division. Thus, reported differ-
ences should be approached from that perspective until 
larger, prospective studies can be performed.

Conclusions

Concussion diagnosis and recovery timelines of collegiate 
athletes varied by NCAA classification; however, differ-
ences across divisions were not consistent by sport or sex. 
Overall, Division II/III athletes had delayed diagnoses and 
returned to sport later than athletes from Division 
I schools. It is unknown if these disparities had any 
adverse consequences on the injured athletes’ health or 
well-being. NCAA Division I schools had greater athletic 
training coverage and sports medicine resources than 
their Division II/III counterparts, which may have con-
tributed to the observed differences. Our findings support 
a possible benefit of increasing athletic training availabil-
ity for concussion management in collegiate athletics.
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