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Abstract

Background—Concussion diagnosis and management is made through the clinical exam using 

assessment tools that include self-report symptomatology, postural control, and cognitive 

evaluations. The specific timing of concussion resolution varies between individuals. However, 

despite a lack of research in concussion recovery, it is widely accepted that the majority of young 

adults will recover in 7–10 days, with youth athletes taking longer.

Objectives—The purpose of this review is to directly compare the recovery duration among high 

school and collegiate athletes on symptom reports and cognitive assessments following 

concussion.

Data Sources—Data were collected from a literature search comprising high school or college 

athletes only. This included studies (n = 6) that reported symptom or cognitive performance 

recovery to the exact day.

Results—High school athletes self-reported symptom recovery at 15 days compared with 6 days 

in collegiate athletes. Both college and high school athletes showed cognitive recovery at similar 

rates of 5 and 7 days.

Limitations—This review only included articles that were directly related to concussed high 

school or college athletes. Additionally, athletes in the high school and college setting typically 

receive a battery of neurocognitive tests that may not be as sensitive or as comprehensive as a full 

neuropsychological exam.
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Conclusion—The review finds that neurocognitive recovery rates are similar among high school 

and college athletes, while symptom reporting shows longer recovery time points in high school 

than in college.

Implications of Key Findings—An individualized and stepwise concussion management plan 

is important for proper concussion recovery regardless of age.

1 Introduction

1.1 Rationale

Concussion is defined as “a complex pathophysiological process affecting the brain, induced 

by traumatic biomechanical forces” resulting in the rapid onset of symptoms and cognitive 

impairments [1]. Nearly 4 million concussions are thought to occur in the USA each year as 

a result of sport and physical activity [2]. Nearly 300,000 of these are among youth athletes 

aged 14–19 [3]. Concussion incidence is reported to vary by sport and level of participation 

[4–9], with collegiate athletes reporting greater concussion rates than high school athletes in 

identical sports; however, the percentage of concussions out of total injuries is higher in high 

school athletes than in college athletes [10].

The concussion diagnosis is a subjective process made through the clinical exam, but often 

supported using a number of measures that assess various domains of cerebral functioning 

[1, 11]. Most commonly, these assessments include self-report symptomatology, postural 

control, and cognitive evaluations. Concussion symptoms can be categorized into 

‘cognitive’ (e.g., confusion, delayed verbal and motor responses), ‘somatic’ (e.g., headache, 

dizziness, balance disruption), ‘affective/emotional’ (e.g., emotional, irritable), and ‘sleep 

disturbances’ (e.g., trouble falling asleep, sleeping more or less than usual) [12], all of which 

may develop immediately or shortly after the time of injury [7]. Headache is the most 

commonly reported concussion symptom (93 %) [5, 13], followed by dizziness and 

confusion [4, 5, 14, 15].

The specific timing of concussion resolution varies between individuals, but a large sample 

of concussed collegiate athletes reported increased symptom reports until 1 week post-injury 

[16] and Lee et al. [17] reported symptom recovery in high school athletes at 7 days 

compared with 6 days in collegiate athletes. Erlanger et al. [18] found an average of 6 days 

until symptom resolution for both high school and college, and Zuckerman et al. [19] found 

high school athletes had symptom recovery within 8 days while college athletes took 6 days. 

Postural control has also been evaluated following injury, and deficits on computer-based 

measures show impaired balance function in collegiate athletes up to 3 days post-injury 

when compared with a pre-injury baseline [20–22], with similar results on clinical balance 

measures [16]. Balance testing directly comparing concussed high school and collegiate 

athletes showed no statistical difference in Balance Error Scoring System (BESS) 

performance between groups at days 1, 2, or 3 post-injury [23]. Lastly, cognitive function 

following concussion has been extensively evaluated among athletes using both pencil and 

paper and computer-based measures. Concussed collegiate athletes have been reported to 

return to pre-injury levels of function by 5 days [14, 16], 6 days [11, 16, 18], and 7 days post 

injury [16, 24, 25]. Less is known about high school athletes, who show larger declines in a 
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number of cognitive domains immediately following injury [23], but the literature is unclear 

on the number of days until these athletes return to pre-injury levels. One often cited study 

found high school athletes performed worse than concussed collegiate athletes at 3 days 

post-injury on the Hopkins Verbal Learning Test, but the authors did not identify the 

average number of days until recovery following concussion for either athlete group [26].

Despite a lack of supporting evidence in the literature, consensus groups and professional 

medical organizations have indicated the majority of young adult athletes will recover in 7–

10 days, with youth athletes taking longer [1, 11]. While numerous investigations have 

evaluated declines from baseline as a proxy for recovery duration (i.e., days), limited work 

has sought to define the natural history of concussion and the day on which high school and 

collegiate athletes typically return to pre-injury levels of functioning. Therefore, the purpose 

of this systematic review and meta-analysis is to directly compare the recovery duration 

among high school and collegiate athletes on symptom and cognitive assessments following 

sport concussion.

2 Methods

This review was conducted in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines [27].

2.1 Data Sources and Searches

An electronic search was conducted in PubMed from database inception to December 2013 

using the following search strategy: (athletes or sports) and (concussion or mild traumatic 

brain injury) and (recovery or symptoms or cognition). Reference lists from retrieved 

articles and other related reviews also supplemented the article search.

2.2 Study Selection

Inclusion criteria were as follows: (1) the sample included high school- or college-aged 

athletes concussed during a sporting event, (2) the dependent variable was number of days to 

recovery, and (3) recovery was defined as return to an asymptomatic state as measured by 

self-reported symptoms or neurological tests taken at baseline.

Exclusion criteria were as follows: (1) review articles, abstracts, case studies, and editorials, 

(2) studies involving imaging techniques, or (3) lack of data necessary for the calculation of 

effect size. Figure 1 presents a flowchart of study selection.

2.3 Data Extraction and Quality Assessment

Two authors (RMW, SPB) independently extracted data, and discrepancies were resolved by 

consensus judgment. Effect sizes were calculated by subtracting the number of days to 

recovery (i.e., asymptomatic relative to baseline symptoms or neurocognitive scores) from 

the day of injury (i.e., day zero) and dividing the difference by the recovery day standard 

deviation [28, 29]. Effect sizes were adjusted using Hedges’ small sample size bias 

correction [28]. Two-way (effects × raters) intraclass correlation coefficients (ICC) for 

absolute agreement were calculated to examine inter-rater reliability for effect sizes and 

moderators. The initial ICCs, based on ten effects, were ≥0.90.
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Study quality was assessed using a 15-item scale addressing randomization, sample 

selection, quality of outcome measures, and statistical analysis [30]. Quality scores were not 

used as weights or moderators because of the potential disparity in results that depends on 

the specific quality scale employed [31].

2.4 Data Synthesis and Analysis

An SPSS macro (i.e., MeanES; SPSS version 22.0, IBM Inc., Armonk, NY, USA) was used 

to calculate the aggregated mean effect size delta (Δ), associated 95 % confidence interval 

(CI), and the sampling error variance according to a random effects model [32]. Random 

effects models were used to account for between-studies heterogeneity associated with both 

study-level sampling error and population variance [32]. Each effect was weighted by the 

inverse of its variance and re-estimated after the random effects variance component was 

added [28]. Heterogeneity and consistency were evaluated with the Q statistic and the I2 

statistic, respectively [33]. Heterogeneity also was examined relative to observed variance 

and was indicated if the sampling error accounted for less than 75 % of the observed 

variance [28]. Publication bias was addressed by inspection of a funnel plot [33] and 

quantified with rank correlation [34].

2.5 Primary Moderator Analysis

Three variables were selected based on logical, theoretical, or empirical relations to 

concussion recovery: age, concussion measure (i.e., self-reported symptoms or neurological 

tests), and age × measure interaction. Variable definitions can be found in Table 1.

Using an SPSS macro (MetaReg), primary moderator variables were included in random-

effects, weighted least squares, multiple linear regression analyses with maximum-

likelihood estimation [28, 32]. All models and analyses were adjusted for non-independence 

of multiple effects contributed by single studies [35]. Tests of the regression model (QR) and 

its residual error (QE) are reported. The Johnson–Neyman procedure was conducted to 

identify the critical point (i.e., age) in significant interactions of categorical and continuous 

variables in order to define significance regions [36]. That is, to establish the point at which 

age influences the recovery process. Regions of significance can help define the exact ages 

in which there is a statistically significant difference between self-reported and neurological 

concussion symptom recovery in high school- and college-aged athletes.

2.6 Secondary Moderators and Analysis

Secondary moderators were selected for descriptive, univariate analyses based on logical, 

theoretical, or prior empirical relation with concussion recovery. Variable definitions are 

provided in Table 1. Mean effect sizes and 95 % CIs were computed for continuous and 

categorical variables using a random effects model [32].

3 Results

Six studies of 702 high school- and college-aged athletes were included in the meta-analysis 

and are presented along with their characteristics and study quality assessment in Tables 2 

and 3 [17–19, 37–39]. A funnel plot was inspected and found to be roughly symmetrical 
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(Fig. 2). The Begg’s rank correlation analysis was not statistically significant, suggesting an 

absence of publication bias [τ(15) = 0.30, p = 0.150].

3.1 Primary Moderator Analyses

During the recovery period, significant changes were noted for concussion symptoms 

(increase) and neurocognitive function (decline) (Δ = 1.14; 95 % 1.04–1.25; z = 21.16, p < 

0.001). Distribution of the effects is presented in Fig. 3. The effect was heterogeneous 

[QT(15) = 29.54, p = 0.001]. Sampling error accounted for 53.3 % of the observed variance. 

The effect was not consistent across studies (I2 = 52.6 %; 95 % CI 36.4–64.7).

The overall multiple regression model of concussion recovery in high school- and college-

aged athletes was significantly related to effect size [QR(4) = 11.57; p = 0.021, R2 = 0.39; 

QE(11) = 17.97, p = 0.082]. The interaction of age and concussion measure (Fig. 4) was 

independently related to effect size (β = 0.132, z = 2.13, p = 0.001). The Johnson–Neyman 

procedure yielded a critical point for age at 17.8 years (β = 0.17, t = 2.18, p = 0.050). Further 

decomposition revealed (1) greater and more variable recovery times in high school than in 

college athletes based on self-reported concussion symptoms (15 vs. 6 days), and (2) more 

similar and less variable recovery times in high school and college athletes based on 

cognitive measures (7 vs. 5 days; Fig. 5).

3.2 Secondary Moderator Analyses

The number of effects (k), mean effect Δ, 95 % CI, p value, and I2 for each level of each 

moderator are presented in Table 1.

4 Discussion

This meta-analytic review sought to define the natural history of concussion among injured 

high school and collegiate athletes by incorporating self-reported symptomatology, postural 

control, and cognitive recovery. The analysis indicated greater variability in self-reported 

concussion symptom recovery periods among high school athletes than among college-aged 

athletes. Symptom recovery is characterized as an athlete’s self-reported feeling of being 

asymptomatic. High school athletes self-reported symptom recovery at 15 days compared 

with 6 days in collegiate athletes. In addition, there was less variability and more similar 

time points on cognitive recovery measures when comparing high school and college 

athletes following concussion. High school athletes showed cognitive recovery at 7 days, 

similar to college athletes, who showed recovery within 5 days.

Self-reported symptoms are the most commonly used assessment tool implemented by 

clinicians for concussion diagnosis and injury management [1, 11, 16, 40]. Their use is 

supported by their strong reliability and sensitivity [24, 41] and backed by consensus groups 

and medical organizations [1, 11, 42, 43]. One investigation evaluated concussed collegiate 

(male football and female soccer) and high school (male football and male soccer) athletes 

compared with age-related matched controls on a variety of neuropsychological tests and 

self-report symptomatology at fixed post-injury time points (24 h, 3, 5, and 7 days) [26]. The 

subjects were administered a 20-item Likert scale post-concussion symptom checklist as 

well as the following neuropsychological tests: Hopkins verbal learning, Digit Span Test, 
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Symbol Digit Modalities Test, Trail-making Test A/B, Controlled Oral Word Association 

Test, Brief Visual Memory Test Revised. Symptom reports among the concussed high 

school athletes were higher at 24 h, and days 3 and 5 compared with the matched controls, 

while collegiate athletes showed significant differences compared with matched controls 

only at 24 h and day 3. Direct comparisons between concussed collegiate and high school 

athletes were not completed. In addition, Field et al. [26] observed that both high school and 

collegiate athletes reported fewer self-reported symptoms at days 5 and 7 than at baseline. 

This paper suggested recovery in both ages in 7 days or less; however, without a direct 

comparison between the high school and collegiate athletes, it is not possible to conclude 

that the two groups recovered at different intervals.

Despite the heavy reliance on symptom reports by medical personnel for concussion 

assessment and management, they are inherently subjective. In addition to purposeful 

manipulation, as mentioned below, there are also circumstances where athletes are unaware 

of symptoms or misinterpret symptoms, which may not necessarily represent 

‘manipulation’. For example, several studies suggest symptom-reporting issues and 

concussion under-reporting among athletes continues to be an issue for medical 

professionals and researchers [44–49]. General concussion awareness and concussion 

education efforts have increased, but research indicates that players continue to under-report 

concussions and symptoms alike to continue playing or return to play sooner. For example, 

McCrea et al. [44] reported that 52 % of concussed high school athletes would not report 

concussion-related symptoms to a medical professional, coach, or parent. Register-Mihalik 

et al. [45] found similar results, where high school athletes were significantly under-

reporting concussions as well as continuing to play in their sport while experiencing 

concussion symptoms. In addition, Sefton et al. [50] reported that 80 % of concussed 

collegiate athletes will similarly not report concussion-related symptoms. The reasons for 

not reporting the injury are likely multifactorial. For example, one investigation reported 

that concussed collegiate athletes did not report their concussions because they did not 

realize their symptoms were concussion related [47, 48]. One possibility is that collegiate 

athletes may feel they have more to lose by reporting concussion symptoms and risking 

being withheld from play. High school athletes, on the other hand, may not perceive the loss 

of playing time to be as great and may be more honest in their reporting when approached 

by an adult about a medical condition.

In addition to athlete unawareness of symptoms or the deliberate hiding of known 

symptoms, the team environment established by coaches, parents, and teammates may 

influence symptom reports. Sullivan et al. [51] found that 83 % of high school parents were 

able to recognize, and had basic knowledge of, concussion symptoms and understood the 

significance and seriousness of a concussion. However, McLeod et al. [52] found that 26 % 

of youth coaches would let a symptomatic athlete return to play. The majority of coaches in 

this study were able to recognize basic signs and symptoms of concussion; those with 

previous coaching education were able to correctly identify concussion symptoms [52]. 

Sarmiento et al. [53] studied coaches and found that coaches typically face barriers from 

athletes and athletes’ parents who do not understand or discount the severity of the 

concussion. Factors such as these may influence both concussion identification at the time of 

injury and may be taken into account when interpreting ‘concussion recovery’ based only on 
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symptom reports. Education for players, parents, and coaches is important and could 

increase concussion reporting and potentially decrease the number of athletes who choose to 

play while symptomatic.

In addition to symptom reports, the evaluation of cognitive function has been established as 

a vital component to concussion recovery [1, 11, 42, 43]. Cognitive function has been shown 

to decrease immediately following a concussion [54] and has been indexed with measures of 

reaction time, information processing, memory, and attention [14, 55–58]. Despite the 

commonly stated extended neurocognitive recovery time for concussed high school athletes 

[26], the findings from this review do not support this conclusion. Indeed, this analysis 

indicates that high school-and college-aged athletes demonstrate cognitive recovery within 5 

and 7 days of injury, respectively. Iverson et al. [59] found similar results while studying 

amateur athletes at junior high, high school, and university settings and found that symptoms 

and performance decrements largely resolved within 5 days post-injury and fully resolved 

by 10 days [59]. Additionally, McCrea et al. [16] found cognitive recovery reaching baseline 

measures in concussed collegiate athletes at 5–7 days post-injury.

This review indicates that concussed high school and collegiate athletes have similar 

recovery rates for cognitive functioning (5 vs. 7 days), yet symptom recovery among high 

school athletes is longer than their collegiate counterparts (15 vs. 6 days). The difference in 

symptom and cognitive recovery reported here is likely explained by two factors. First, the 

biological response to injury among the younger high school athletes may result in a longer 

recovery period. This topic is beyond the scope of this review, but some literature has shown 

that the immature brain has several developmental vulnerabilities to traumatic brain injury 

(TBI). Preclinical studies indicate that, after TBI, the young brain is more susceptible to 

impaired neurotransmission and plasticity [60, 61] and that un-myelinated axons are more 

vulnerable to biomechanical insult [62]. In addition, college-level athletes are more 

physically gifted than their high school counterparts and may be self-selected as less likely 

to develop concussion symptoms.

A second potential explanation is the larger under-reporting of concussion symptoms by 

collegiate athletes for the reasons outlined above. This explanation is supported by previous 

research showing ongoing cognitive impairment among 40 % of concussed collegiate 

athletes who report being asymptomatic [41]. Other reports have shown that concussed 

athletes no longer reporting concussion-related symptoms perform worse on computer-based 

examinations of cognitive function than control athletes [63]. That is, based on the results 

reported here and in previous work, athletes over the age of 18 years (i.e., collegiate level) 

may be under-reporting post-concussion symptoms, resulting in a shortened symptom 

recovery time, yet the cognitive recovery times reported between the two groups is similar, 

as these tests cannot be manipulated as easily as symptom reports. Conversely, high school 

athletes may be influenced by parental concerns, and younger athletes may be more likely to 

attribute or misattribute symptoms to concussion.

4.1 Limitations

Although these findings are compelling, this review is not without limitations. The most 

significant limitation of the analysis includes the neurological data tied to eight effects from 
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one study. However, despite a growing scientific interest in concussive injuries, the 

manuscripts included here were the only ones that directly identified the day of recovery 

among concussed high school and collegiate athletes. This limitation identifies the need for 

additional research to clarify the natural history of concussion using clinically based 

timepoints (e.g., immediate post-injury, asymptomatic, return to play, etc.) to better 

understand the difference between these two groups. In addition, we were unable to include 

any investigations to identify the recovery profile of concussed high school and collegiate 

athletes on measures of postural stability. Clinical and laboratory-based measures of postural 

control are widely accepted among the clinical community and implemented within 

scientific protocols [1, 11, 54], but their use to define the natural history of concussion is 

limited. Lastly, neuropsychological testing is a comprehensive exam that encompasses a 

larger cognitive spectrum than typically achieved in the high school and college settings. 

However, the neurocognitive battery of tests that athletes are given are relatively sensitive, 

but more sensitive measures (e.g. diffusion tensor imaging, and functional magnetic 

resonance imaging, and/or magnetic resonance spectroscopy) may help elucidate the 

differences in cognitive and symptom recovery reported here. Although there are known 

effects on concussion recovery based on gender [23, 64], assessment intervals [1, 11], and 

concussion history [1, 5, 11, 12], these were not the aim of this review. In addition, it is 

plausible that the culture surrounding different sports or the person who evaluated and 

treated the athlete may have influenced recovery times. It should also be noted that there are 

no age-specific data comparing concussion recovery between ages younger than high school 

with collegiate/young adult athletes; thus, conclusions for athletes younger than high school 

are currently mostly extrapolated. This also identifies a gap in knowledge on which future 

investigations should be focused.

5 Conclusion

In the final review, this analysis indicates that recovery from concussion-related symptoms 

among high school athletes is longer than among college athletes, yet cognitive recovery is 

similar between the two groups. Clinically, these findings do not change practice standards, 

as each athlete should be managed individually, regardless of age, but considerations for 

symptom recovery compared with cognitive recovery should be noted. Although not 

reviewed here, clinicians managing sport-related concussions should include measures of 

motor control (e.g., balance and gait) in their assessment and management strategy. The 

combined use of athlete-reported symptoms, neurocognitive function, and motor control has 

been shown to have large effect sizes immediately post-injury [54] and provide the highest 

sensitivity to injury [41].

Ultimately, the injured athlete’s clinical management and return-to-play process should be 

dictated by the clinical exam findings and supported by objective assessment tools from a 

multi-disciplinary management team. When available, pre-morbid measures of symptoms, 

postural control, and cognitive functioning are recommended by consensus and medical 

groups [1, 11, 43] with additional input from coaches, parents, school administrators, 

athletic trainers, and other healthcare professionals.
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Key Points

High school athletes report longer symptom recovery than college athletes following 

concussion.

High school and college athletes show similar neurocognitive recovery rates 

following concussion.

The heterogeneous nature of concussion necessitates an individualized concussion 

management strategy.
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Fig. 1. 
Study selection process
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Fig. 2. 
Funnel plot evaluating publication bias. Visual inspection indicates symmetrical distribution, 

and the Begg’s rank correlation analysis was not statistically significant, suggesting an 

absence of publication bias [τ(15) = 0.30, p = 0.150]
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Fig. 3. 
Distribution of effect sizes for concussion-related symptoms and neurological declines. 

Overall, there was a significant change (Δ = 1.14 [1.04–1.25]; z = 21.16, p < 0.001)
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Fig. 4. 
The interaction of age and concussion measure with the Johnson–Neyman procedure 

indicating the critical point for age at 17.8 years. This age represents the point at which age 

moderates the recovery process
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Fig. 5. 
Days for recovery based on assessment measure. High school athletes demonstrated greater 

and more variable recovery times than college athletes based on self-reported concussion 

symptoms, and more similar and less variable recovery times based on neurocognitive tests
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