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Abstract

Mild traumatic brain injury (mTBI), or concussion, is the most common type of traumatic

brain injury. With mTBI comes symptoms that include headaches, fatigue, depression, anxi-

ety and irritability, as well as impaired cognitive function. Symptom resolution is thought to

occur within 3 months post-injury, with the exception of a small percentage of individuals

who are said to experience persistent post-concussion syndrome. The number of individuals

who experience persistent symptoms appears to be low despite clear evidence of longer-

term pathophysiological changes resulting from mTBI. In light of the incongruency between

these longer-term changes in brain pathology and the number of individuals with longer-

term mTBI-related symptoms, particularly impaired cognitive function, we performed a scop-

ing review of the literature that behaviourally assessed short- and long-term cognitive func-

tion in individuals with a single mTBI, with the goal of identifying the impact of a single

concussion on cognitive function in the chronic stage post-injury. CINAHL, Embase, and

Medline/Ovid were searched July 2015 for studies related to concussion and cognitive

impairment. Data relating to the presence/absence of cognitive impairment were extracted

from 45 studies meeting our inclusion criteria. Results indicate that, in contrast to the prevail-

ing view that most symptoms of concussion are resolved within 3 months post-injury,

approximately half of individuals with a single mTBI demonstrate long-term cognitive

impairment. Study limitations notwithstanding, these findings highlight the need to carefully

examine the long-term implications of a single mTBI.

Introduction

Mild traumatic brain injury (mTBI), more commonly known as concussion, is the most com-

mon type of traumatic brain injury [1, 2]. The Mild Traumatic Brain Injury Committee of the
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American Congress of Rehabilitation Medicine [3] describes mTBI as a mild insult to the head

that results in a brief period of unconsciousness followed by impaired cognitive function.

Along with impaired cognitive function, mTBI causes an array of symptoms, most notably

headaches, fatigue, depression, anxiety and irritability, collectively referred to as post-concus-

sion syndrome (PCS)[3]. The time it takes for symptoms to resolve in the majority of individu-

als is approximately 3 months, however, some individuals continue to experience symptoms

beyond 1 year post-injury [4, 5]. Those with persistent symptoms are said to experience persis-

tent PCS [5, 6]. While persistent PCS has been defined numerous ways in the literature, gener-

ally it includes the presence of the aforementioned symptoms, including cognitive

impairment. As initially reported by Rutherford et. al., persistent PCS is estimated to impact

15% of individuals with a first-time concussion [7–9].

Amongst the many sequelae of mTBI, cognitive impairment may be paramount in relation

to its contribution to long-term dysfunction [10]. Impairment in numerous cognitive domains

has been reported in mTBI, including executive function, learning and memory, attention and

processing speed, among others [10]. Evidence indicates that a single concussion can disrupt

the neurological mechanisms underlying cognition [11]. The impairment is robust and there-

fore readily detectable in the early phase post-injury, but the long-term outcomes are unclear

largely due to a dearth of research. It is well established that a single mTBI results in patho-

physiological changes in the brain. Included amongst these pathophysiological changes is

altered white matter structure and function (e.g., diffuse axonal injury, DAI) as well as the so

called ‘neurometabolic cascade’ that is characterized by altered neurotransmitter activity and

subsequently altered levels of brain excitability [12–14]. While not observed using conven-

tional imaging, DAI has been found in numerous brain regions following a single mTBI using

diffusion tensor imaging (DTI) [15–18]. Abnormal integrity of white matter tracts has even

been observed in the absence of a clinical diagnosis of concussion [19]. Given that even a single

mTBI induces pathophysiological changes in the brain that can be detected in both the acute

and chronic phases post-injury, one might anticipate these pathophysiological changes mani-

festing as cognitive impairment. As such, why the incidence of cognitive impairment is not

higher than that reported for PCS (i.e., 15%) is not apparent. As PCS is defined as a collection

of symptoms (e.g., requiring 3 of 8 symptom categories as reported in Daneshvar and collegues

[5]), it is difficult to identify the long-term incidence of specific symptoms resulting from

mTBI, including cognitive impairment.

To date, the studies that assess long-term cognitive outcomes in singly-concussed individu-

als have not been gathered and reviewed. To address this gap in knowledge, we performed a

scoping review of the literature reporting cognitive outcomes in first-time concussed individu-

als in the chronic phase (i.e., > 3 months post-injury) to determine the impact of a single

mTBI. Establishing that even a single concussion has long-term impact on cognitive function

will add support to the notion that ‘mild’ traumatic brain injury is anything but.

Methods

Type of review

Given the study purpose, we performed a scoping, as opposed to systematic, review. As defined

in Colquhoun and colleagues [20], a scoping review is “a form of knowledge synthesis that

addresses an exploratory research question aimed at mapping key concepts. . .in research

related to a defined area or field by systematically searching, selecting and synthesizing existing

knowledge” (p. 1292–94), whereas a systematic review is intended to determine what is known

in a given area of research with a focus on making recommendations for clinical practice [21].

As detailed below, we followed the framework put forth by Arksey and O’Malley (and later

A single mTBI chronically impairs cognitive function
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revised by Levac and colleagues) to perform the review [22, 23]. Consistent with this frame-

work, our study included a descriptive numerical summary and qualitative approach, as

opposed to a quantitative statistical one [20].

Scoping search

A broad search of the literature was performed to identify all keywords and search terms for

two concepts: concussion and cognitive impairment. Three electronic databases, CINAHL,

Embase, and Medline/Ovid were used for this scoping review. Prior to conducting the search,

the keywords and search terms were organized into a search translation table (see Table 1).

The search translation table organizes both keywords and controlled vocabulary terms to assist

in maintaining equivalent searches across the three databases. Each controlled vocabulary

term for all three databases was exploded to include related terms. For the purposes of this

review, we operationally defined cognitive impairment as any impairment to the cognitive

processes related to executive function. Controlled vocabulary terms included the cognitive

domains of “learning” and “memory”. Given the inextricable relationship between learning

and memory and the various cognitive domains (i.e., executive function, attention, processing

speed, and language function), we did not believe the controlled vocabulary would pose any

limitations as the search criteria permitted inclusion of all types of cognitive testing, regardless

of their respective cognitive domains.

The scoping search was performed on July 25th, 2015. The search yielded 5900 citations,

579 from CINAHL, 2167 from EMBASE, and 3154 from Medline/Ovid. The 5900 citations

were exported into a reference manager database (Mendeley). After the duplicates were

removed, 3741 citations remained.

Refining the literature—Phases 1 & 2

Fig 1 illustrates the search process and application of the study inclusion/exclusion criteria.

The process for selecting which studies to include was broken down into four phases. In the

first phase, two independent reviewers assessed the title and abstract of each of the 3741 cita-

tions, indicating their decision for inclusion/exclusion in an Excel spreadsheet (Microsoft

Office, 2015) based on the primary inclusion/exclusion criteria outlined in Table 2. Briefly,

included citations had to have human participants with chronic (i.e.,�3 month post-injury

interval) mTBI that underwent any form of cognitive testing. A third reviewer resolved any

disagreements amongst the two reviewers regarding study inclusion/exclusion. As illustrated

in Fig 1, 648 citations remained following phase 1.

Phase 2 replicated phase 1, with a single reviewer re-assessing the full texts to ensure adher-

ence to our primary inclusion/exclusion criteria (Table 2). As illustrated in Fig 1, 274 full-text

articles remained following phase 2 review. Throughout phase 2, data were extracted from

each article that satisfied the primary inclusion/exclusion criteria, including: number and age

of participants, mTBI mechanism of injury (e.g., blast related versus motor-vehicle accident

[MVA]-induced), concussion history (e.g., number of previous concussions, time since last

concussion), cognitive test(s)/subtest(s) used to assess cognitive impairment, participant’s liti-

gation status and/or suspected malingerers, and use of treatment/intervention (e.g., hyperbaric

oxygen treatment). Other pertinent information such as comorbidities (e.g., PTSD, depression,

Alzheimer’s disease) was also noted. Data from treatment/intervention studies were limited to

the pre-treatment or pre-intervention time points. In other words, we only used baseline

scores on cognitive assessments for participants being tested on their cognition following a

treatment/intervention to ensure no confounding effects of the treatment /intervention on our

results.

A single mTBI chronically impairs cognitive function
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Refining the literature—Phase 3

In the third phase of review, we re-assessed the remaining articles with a second set of inclu-

sion/exclusion criteria (Table 2). To assess the long-term cognitive outcomes of mTBI with

temporal specificity (i.e., precise post-injury intervals), we only included articles that per-

formed assessments of cognitive function at discrete time points post-injury. Thus, we

excluded studies that only report a mean and/or range of post-injury intervals for a group of

individuals with mTBI. We opted to include studies reporting only means or ranges of post-

injury intervals if the mean and/or range corresponded to a post-injury interval of greater than

5 years. The reasons for this exception are twofold. First, cognitive outcomes will not continue

to improve long after the most recent injury—cognitive outcomes after the first five years will

likely not change in the next five (or more) years [24, 25]. In other words, the precision of the

post-injury interval becomes less relevant in the longer term. Second, the majority of studies

reporting long-term cognitive outcomes in individuals with mTBI are not often temporally

specific with respect to post-injury intervals. Excluding these studies would greatly diminish

our ability to comprehensively review the literature reporting on long-term cognitive out-

comes in mTBI.

In order to assess the relationship between the number of previously sustained concussions

and cognitive function, we also chose to exclude studies that only specify a range and/or mean

number of concussions. Thus, studies reporting that their participants sustained, for example,

between 1–5 concussions would be excluded from our analysis. Studies noting a range of con-

cussions within 1 (i.e., between 1–2 concussions) were included. This exception, like that for

the post-injury interval, minimizes the number of studies excluded, ensuring that our review is

comprehensive so that we can better synthesize the wide breadth of research.

Table 1. Search translation table.

CINAHL EMBASE Medline

Controlled Vocabulary Terms*

Concept 1: Concussion

(MH "Brain Concussion") ’brain concussion’/exp exp brain concussion/

(MH "Postconcussion Syndrome") ’postconcussion syndrome’/exp exp post-concussion syndrome/

Keywords & Phrases

(mild N5 (head OR crani* OR cerebr* OR brain*
OR skull* OR hemispher* OR intra?cran* OR

inter?cran* OR intracran* OR intercran* OR

"diffuse axonal") N3 (injur* OR trauma* OR

damag* OR? edema* OR contusion* OR

concus*))

mild NEAR/5 (head OR crani* OR cerebr* OR

brain* OR skull* OR hemispher* OR intra?cran*
OR inter?cran* OR intracran* OR intercran* OR

’diffuse axonal’) NEAR/3 (injur* OR trauma* OR

damag* OR? edema* OR contusion* OR

concus*)

(mild adj5 (head or crani* or cerebr* or brain* or

skull* or hemispher* or intra?cran* or inter?

cran* or intracran* or intercran*) adj3 (injur* or

trauma* or damag* or oedema* or edema* or

contusion* or concus*)).ab,ti.

Controlled Vocabulary Terms*

Concept 2: Cognitive Impairment

(MH "Neurobehavioral Manifestations+") mild cognitive impairment’/exp exp mild cognitive impairment/

(MH "Memory+") memory’/exp exp memory/

(MH "Learning+") learning’/exp exp learning/

Keywords & Phrases

(Learn* OR memor* OR neurobehavio* OR

cogniti* OR neurologi*) N3 (Impair* OR deficit*
OR disturb* OR impact* OR disorder* OR

outcome*)

(learn* OR memor* OR neurobehavio* OR

cogniti* OR neurologi*) NEAR/3 (impair* OR

deficit* OR disturb* OR impact* OR disorder* OR

outcome*)

((learn* or memor* or neurobehavio* or cogniti*
or neurologi*) adj3 (impair* or deficit* or disturb*

or impact* or disorder* or outcome*)).mp.

*Controlled Vocabulary Terms: CINAHL = CINAHL Headings, EMBASE = Emtree terms, and Medline/Ovid = Medical Subject Headings (MeSH) terms

https://doi.org/10.1371/journal.pone.0174847.t001
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Fig 1. Flow diagram representing each stage of the article selection process of the scoping search and citation

review.

https://doi.org/10.1371/journal.pone.0174847.g001
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During phase 3, we also excluded participants who were engaged in litigation associated

with their injury, or those suspected of malingering (i.e., exaggerating or fabricating) their cog-

nitive deficits. The exclusion of these participants ensures our sample is not confounded with

individuals who have an incentive to perform poorly on the cognitive outcome measures. Fol-

lowing phase three review, 98 articles remained.

Further refining the literature—Phase 4

The fourth phase of article selection included a set of inclusion/exclusion criteria (see Table 2)

that we developed following an examination of the data extracted in the prior phases. Specifi-

cally, we assessed the homogeneity of the 98 articles remaining after phase 3 with respect to the

following variables: number of concussions sustained; outcome measures used to assess cogni-

tive impairment; method of participant recruitment (i.e., whether the participants were

recruited based on their positive symptomology of cognitive impairment); and method for

determining cognitive impairment (i.e., comparison groups, author-defined normative data,

or author-provided cut-off scores on given outcome measures). In conducting this analysis, we

found that the majority of the participants (i.e., 4196 of 4239) had a history of a single concus-

sion while only 43 participants had a history of more than one concussion (i.e., 2 with 2

mTBIs, 1 with 3 mTBIs, 39 with 4 mTBIS, and 1 with 5 mTBIs). Given the disproportional

spread of the data with respect to concussion history (a direct result of the search strategy

design), we focused our analysis on the cognitive outcomes in individuals with a history of a

single concussion. Thus, in our final exclusion criteria outlined in the last row of Table 2, we

excluded studies examining cognitive outcome measures in individuals with a history of multi-

ple concussions or lifetime concussion exposure. In order to minimize exclusion, we chose to

include studies where the participants were likely (but not certainly) first-time concussed.

Those included studies that: (1) did not specify whether their participants were exclusively sin-

gly concussed or (2) did not exclude participants based on their history of a previous concus-

sion. Nevertheless, we included this as a variable in our data analysis, as elaborated on in the

results section.

During our preliminary examination of the data, we also found that several studies had spe-

cifically recruited their participants on the basis of their persisting cognitive symptoms. This

Table 2. Inclusion/Exclusion criteria for each selection phase process.

Phase Inclusion Criteria Exclusion Criteria

1: Titles/abstracts

reviewed*
• Human participants with chronic (post-injury interval of�3 mo.) mild

TBI

• Participants tested for cognitive impairments using neurocognitive

testing

• Foreign language articles

• Articles without accompanying full texts (i.e., conference

abstracts/posters)

• Subjective questionnaires used for cognitive testing

2: Full-text articles

reviewed

• Same as above • Same as above

3. Full-text articles

reviewed

• Participants assessed at discrete time points post-injury (i.e., exclude

studies only reporting on mean/SD for post-injury interval)

• Specific number of concussions reported (within 1 concussion)

• Participants suspected of malingering cognitive deficits

or those involved in litigation for their injuries

4. Post-analysis • Participants with a history of a single concussion • Studies recruiting participants based on their positive

mTBI symptomology

• Participants with multiple or lifetime incidence of

concussions

*Two-reviewer process

https://doi.org/10.1371/journal.pone.0174847.t002
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creates an unacceptable bias, as these studies would artificially exaggerate the presence of per-

sisting cognitive impairment among the average singly concussed participant. Thus, we

excluded case studies and other studies recruiting participants for positive symptomology.

Finally, our preliminary examination of the data also revealed that not all of the studies pre-

sented their data in a way that would facilitate the dichotomization of participants into cogni-

tively impaired and cognitively unimpaired groups (see below for Methods on

dichotomization process). Thus, we decided to only include studies that included comparison

groups (i.e., healthy controls or trauma controls), normative data, or cut-off scores on cogni-

tive outcome measures. Following these exclusions, there were 45 studies remaining for the

final scoping review (Fig 1, Tables 3–6).

Addressing the research objective

To address our research objective of investigating the impact mTBI has on cognitive function

long after a single concussive injury, we examined the information pertaining to concussion

history (i.e., post-injury interval and number of previous concussions) and cognitive outcomes

(i.e., presence versus absence of cognitive impairment). In order to make inferences about cog-

nitive function, we dichotomized participants, assigning them the status of either “cognitively

unimpaired” (CU) or “cognitively impaired” (CI), for each cognitive outcome measure and

post-injury interval at which an assessment of cognitive function was performed. Cognitive

impairment status was assigned to groups of participants based on group outcome measure

data. An assignment of CU/CI was made using one of three comparison scores, including: 1)

studies that provided outcome measure data from control groups (i.e., healthy controls or

trauma controls); 2) studies that provided normative data for a given outcome measure; or 3)

studies that provided cut-off scores for a given outcome measure. Thus, groups of participants

were classified as CI if their outcome measure score significantly differed from those of the

control groups or the normative data, or if they were below author-identified cut-off scores.

A final consideration must be addressed regarding the process of dichotomizing partici-

pants into CU/CI groups. Since the majority of the included studies assessed groups of partici-

pants using multiple outcome measures, we defined “CI” as participants that show

impairment on any outcome measure. In other words, if a participant shows impairment on 1

of 3 outcome measures, they were assigned to the CI group. Since our study is primarily con-

cerned with demonstrating any form of cognitive impairment, it is not important if their

impairment only manifests on one outcome measure; an individual who is impaired on one

function still exhibits cognitive impairment.

Results

Global cognitive impairment

Information pertaining to each CI/CU group was extracted from each study and summarized

in Tables 3–6. Specifically, Tables 3–6 present the following information: (1) the number of

participants cognitively impaired or unimpaired at each post-injury interval; (2) the method

used to determine cognitive impairment (i.e., comparison groups, author-provided normative

data, or author-provided cut-off scores for a given outcome measure); (3) the mean age and

SD of the participants; (4) how the authors defined mTBI (note: “Standard” refers to three cri-

teria: Glasgow Coma Scale (CS) = 13–15, a Loss of Consciousness (LOC) < 30 minutes, and a

post-traumatic amnesia (PTA) < 24 hours); (5) whether the participants had complicated (i.e.,

presence of radiological findings not including a linear skull fracture) or uncomplicated mTBI;

and (6) the participant inclusion criteria given for number of previous concussion.

A single mTBI chronically impairs cognitive function
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From Tables 3–6, it is apparent that the studies included in our scoping review were not

homogeneous with respect to any of the outlined variables. For example, while we included

studies that used three different methods of comparison for determining cognitive impairment

(i.e., comparison groups, normative data, and cut-off scores), there was variability within the

comparison groups. Some studies used a healthy control group while others used either an

orthopedic injury control group or a trauma control group. Further, those that did use a

healthy control group may have included different variables that were equivalent across groups

(i.e., any combination of the following: age-matched, sex-matched, education-matched, and

socioeconomic status-matched controls). Similarly, the studies did not all adhere to one defini-

tion of mTBI. The majority of studies used the standard definition (i.e., GCS 13–15, LOC< 30

min, PTA < 24 hours)[3], however, some studies either adhered to a variation of the standard

definition (i.e., standard definition with the exception of a GCS = 14–15) or an entirely

Table 3. Study information for all participants at 3 months post-injury.

CI Study N Control/Method of Comparison Age (M, SD) mTBI Definition C/UnC # mTBIs

CI Rieger et al., [26] 39 OI: A/S/R 8–17 yr. Standard (GCS = 14–15) UnC 1a

Phillipou et al., [27] 26 HC: A 12.8 (2.1) Standard — 1b

Tay et al., [28] 31 A/S/E/R 40.6 (14.7) Standard (LOC < 20 min) UnC 1c

Kwok et al., [29] 15 HC: A/S/E 38.6 (12.4) Standard C —

Su et al., [30] 54 Cut-off scores 39.8 (0.7) Standard — 1a

Siman et al., [31] 17 HC: A/S/E 20.2 (5.4) Standard — 1b

Ponsford et al., [32] 90 Trauma controls 35.0 (13.1) Standard UnC —

Paré et al., [33] 37 A/S/E 26.7 (10.3) Standard — 1d

Kinsella et al., [34] 50 OI & HC: A/S/E 76.5 (7.6) Standard C 1b

Marsh & Smith [35] 15 A/E 27.1 (12.6) "Diagnosis of concussion"; LOC < 20

min

UnC 1f

Xu et al., [36] 40 Cut-off scores 39.3 (13.1) Standard UnC 1a

De Boussard et al., [37] 29 Normative data 37.2 (NA) Standard (GCS = 14–15) C —

Hanten et al., [38] 59 OI & HC: A/S/R/SES 18.2 (4.6) Standard UnC 1b

Heitger et al., [39] 37 A/S/E 29.1 (12.7) Standard UnC 1e, α

Bohnen et al., [40] 8 Normative data 27.2 (14.0) Standard (GCS = 15) UnC 1a

Rotarescu & Ciurea [41] 96 Normative data 10.5 (3.4) GCS = 14–15 w amnesia — —

CU Ponsford et al., [42] 119 HC: A/S/E/SES 11.3 (2.9) Standard — �1c

Su et al., [30] 159 Cut-off scores 39.8 (0.7) Standard — 1a

Ponsford et al., [43] 84 HC: A/S/E/SES 26.4 (13.9) Standard — �1c α

Xu et al., [36] 78 Cut-off scores 39.3 (13.1) Standard UnC 1a

De Boussard et al., [37] 68 Normative data 37.2 (NA) Standard (GCS = 14–15) C —

Maillard-Wermelinger et al.,

[44]

186 OI: A/S/E/SES 12.0 (2.2) Standard C 1b

Bohnen et al., [40] 33 Normative data 27.2 (14.0) Standard (GCS = 15) UnC 1a

Levin et al., [45] 36 A/S 9.8 (3.1) GCS = 13–15 — —

A: Age; C: Complicated E: Education; GCS: Glasgow Coma Scale; HC: Healthy Controls; LOC: Loss of Consciousness; OI: Orthopedic Injury Control; S:

Sex; SES: Socioeconomic Status; UnC: Uncomplicated

1a: No previous TBI

1b: No previous TBI requiring hospitalization

1c: Previous head injuries not excluded

1d: No previous TBI resulting in the loss of consciousness for >5 min

1e: No previous TBI with persisting symptoms

1f: No previous TBI requiring hospitalization in the last 6 mo.

https://doi.org/10.1371/journal.pone.0174847.t003
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different definition (i.e., PTA > 1 hour and< 24 hours). Further to the information presented

above, it is also apparent from Tables 3–6 that the studies included in our review were not con-

sistent in their inclusion or exclusion of participants with complicated mTBI (i.e., mTBI with

presence of neuroradiological findings). Some studies included those with complicated mTBI,

others excluded them, and the remaining studies failed to provide this information. Finally,

Tables 3–6 also show that the studies in our review were not consistent regarding their inclu-

sion/exclusion criteria of participants with previous mTBIs. Interestingly, 18 studies did not

specify if their participants had sustained a previous mTBI. It is thus possible that the partici-

pants in these studies were not first-time concussed. For this reason, and since some studies

did not specifically exclude those with previous concussions, we included this variable in our

data synthesis (discussed below).

Fig 2A illustrates the overall incidence of cognitive impairment in individuals with mTBI at

various post-injury intervals for all studies included in our scoping review. Fig 2B illustrates

the overall incidence of cognitive impairment at the same post-injury intervals, however, for

participants who had a reported history of a single concussion only. In other words, Fig 2B

includes only those studies that excluded participants with previous mTBI. This criteria is rep-

resented in the final column of Tables 3–6 as 1a, or “no previous TBI”. The results from each

post-injury interval are collapsed together in the final cluster of columns in each Fig 2A and 2B

to yield a total number of participants who show long-term cogntive impairment across all

studies and all time points in this review. It is important to note, however, that participants

who were tested across multiple time points could be accounted for more than once in Fig 2.

For example, prospective studies that assess participants at say, both 3- and 6-months post

injury would be represented at both time points in Fig 2. Thus, when we collapse all post-

Table 4. Study information for all participants at 6 months post-injury.

CI Study N Control/Method of Comparison Age (M, SD) mTBI Definition C/UnC # mTBIs

CI Phillipou et al., [27] 26 HC: A 12.8 (2.1) Standard — 1b

Wong et al., [46] 4 A/S/E 52 (17.9) Standard UnC 1a

Muller et al., [47] 19 Defined norms 35.1 (—) GCS 13–15; LOC/retrograde amnesia C —

Ellemberg et al., [48] 10 A/S/E/Sport* 22.7 (—) AAN Grade II concussion — —

Miles et al., [16] 4 Cut-off scores 33.4 (—) Standard UnC 1a

Wrightson et al., [49] 59 A/S/SES 3.38 “Mild head injury” diagnosis — 1a

Heitger et al., [39] 37 A/S/E 29.1 (12.7) Standard UnC 1 a, c

Bohnen et al., [40] 7 Normative Data 27.2 (14.0) Standard (GCS = 15) UnC 1a

Babikian et al., [12, 50] 36 Normative Data 12.7 (2.0) Standard; AIS level 1–2 — �1

Rotarescu & Ciurea [41] 96 Normative data 10.5 (3.4) GCS = 14–15 with amnesia — —

CU Muller et al., [47] 36 Normative Data 35.1 (—) GCS 13–15; LOC/retrograde amnesia C —

Miles et al., [16] 8 Cut-off Scores 33.4 (—) Standard UnC 1a

Barrow et al., [51] 28 A/E/R 41 (—) Standard UnC 1a

Bohnen et al., [40] 34 Normative Data 27.2 (14.0) Standard (GCS = 15) UnC 1a

Babikian et al., [12, 50] 88 Normative Data 12.7 (2.0) Standard; AIS level 1–2 — �1

A: Age; AAN: American Academy of Neurology; AIS: Abbreviated Injury Score; C: Complicated E: Education; GCS: Glasgow Coma Scale; HC: Healthy

Controls; LOC: Loss of Consciousness; S: Sex; SES: Socioeconomic Status; UnC: Uncomplicated. AAN Grade II concussion: No LOC, transient confusion,

concussion symptoms, or mental status abnormality lasting more than 15 minutes.

1a: No previous TBI

1b: No previous TBI requiring hospitalization

1c: No previous TBI with persisting symptoms

* Sport matched for type and length of involvement

https://doi.org/10.1371/journal.pone.0174847.t004
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injury intervals in the last cluster of columns, participants from those studies will have been

accounted for more than once.

Fig 2 demonstrates that the incidence of individuals who show persitent cognitive

impairment following an mTBI is much higher than previous estimates (i.e., around 15%)

reported in the literature for PCS [4, 6–9, 70]. Specifically, 1963 participants out of 3593, or

approximately 55% of our sample collapsed across all time points showed cognitive

impairment. After filtering out the studies that did not ensure their participants were first-

time concussed (Fig 2B), we still show 55% of our participant sample collapsed across all time

points were cognitively impaired (i.e., 469 participants out of 847). Thus, Fig 2B demonstrates

that the high incidence of long-term cognitive impairment in our results cannot be attributed

to the possibility that a subset of participants in Fig 2A may have experienced more than one

mTBI. Our results do not hint at a temporal relationship of cognitive impairment wherein par-

ticipants were less likely to be cognitively impaired at later post-injury intervals. This is evident

in both Fig 2A and 2B in that the incidence of cognitive impairment was not associated with

time post-injury—however, our participant sample was not restricted to prospective and longi-

tudinal study designs. Specifically, Fig 2A demonstrates that 46% of the participant sample was

cognitively impaired at 3 months, 61% at 6 months, 48% at 12 months, and 88% at>12

Table 5. Study information for all participants at 12 months post-injury.

CI Study N Control/Method of

Comparison

Age (M, SD) mTBI Definition C/UnC # mTBIs

CI Catale et al., [52] 15 A/S/E/SES 8.3 (1.3) GCS = 15; LOC < 10 min; PTA < 1 hr. UnC 1a

Lee et al., [53] 28 A/S/E 30.2 (8.0) Standard C 1a

Polissar et al., [54] 53 A/S/E/SES "Children" GCS = 13–15 C —

Kashluba et al., [55] 102 Normative data 48.6 (16.4) Standard C —

Romero et al., [56] 49 Normative data 30.9 (12.4) Standard C 1a

Stålnacke et al., [57] 69 A/S/E 40.9 (19.5) GCS = 13–15; LOC < 30 min. UnC 1c

Chadwick et al., [58] 29 A/S/SES 9.6 (2.5) 1 hour < PTA < 7 days C —

Wrightson et al., [49] 57 A/S/SES 3.38 “Mild head injury” diagnosis — 1a

Heitger et al., [39] 37 A/S/E 29.1 (12.7) Standard UnC 1d

Anderson et al., [59] 17 A/S/SES 5.1 (1.5) GCS = 13 = 15; “alteration of

consciousness”

UnC 1a

Babikian et al., [12, 50] 21 Normative Data; OI: A/S/E/SES 12.7 (2.0) Standard; AIS level 1–2 — �1

Rotarescu & Ciurea [41] 96 Normative data 10.5 (3.4) GCS: 14–15 w amnesia — —

CU Wäljas et al., [60] 103 A/S 37.8 (13.5) Standard C —

Dikmen et al., [61] 157 TC: A/S/E 28.1 (11.1) GCS = 13–15 C —

Zhou et al., [62] 19 A/S/E 34 (11.5) Standard UnC 1a

Croall et al., [63] 18 A/S/E 33.9 (14.8) Standard — —

Maillard-Wermelinger et al.,

[44]

186 OI: A/S/E/SES 12.0 (2.2) Standard C 1b

Babikian et al., [12, 50] 55 Normative Data 12.7 (2.0) Standard; AIS level 1–2 — �1

Jaffe et al., [64] 40 A/S/E/SES 6–15 yrs “Mild head injury with LOC” — 1b

Levin et al., [45] 36 A/S 9.8 (3.1) GCS = 13–15 — —

A: Age; AIS: Abbreviated Injury Score; C: Complicated E: Education; GCS: Glasgow Coma Scale; LOC: Loss of Consciousness; OI: Orthopedic Injury

Control; PTA: Post-Traumatic Amnesia; S: Sex; SES: Socioeconomic Status; UnC: Uncomplicated

1a: No previous TBI

1b: No previous TBI requiring hospitalization

1c: Previous head injuries not excluded

1d: No previous TBI with persisting symptoms

https://doi.org/10.1371/journal.pone.0174847.t005
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months post-injury. We do not take the particularly high percentage of participants that were

cognitively impaired at the>12 months post-injury interval to show that individuals are more

likely to be cognitively impaired after 12 months. Instead, this finding is likely attributable to

the limited number of studies assessing individuals past one year.

To determine whether our results were similar in both children (<18 years) and adults

(�18 years), we present the data from Fig 2A again in Fig 3, this time including age as a third

variable. On visual inspection, it does not appear that age had any impact on the high inci-

dence of long-term cognitive impairment in individuals with mTBI. While there does appear

to be many more adults in the CI group than in the CU group at the>12 months post-injury

interval, this is likely due to the limited number of studies we had reporting cognitive out-

comes at this time interval. The last cluster of columns in Fig 3 can be quantified as follows:

786 children with cognitive impairment; 786 children without cognitive impairment; 1177

adults with cognitive impairment; and 844 adults without cognitive impairment. In other

words, 50% of the children and aproximately 58% of the adults in our scoping review showed

some form of cognitive impairment.

Discussion

The last several decades of mTBI research have seen an expansion in our understanding of the

long-term cognitive and behavioural consequences. Whereas mTBI used to be thought of as a

relatively inconsequential “mild” injury, it is now more closely associated with the latter three

letters of its acronym—“traumatic brain injury”. This shift in our understanding is owing to

several revelations in mTBI research. Namely, researchers have shown that both single and

multiple mTBI(s) induce pathophysiological changes in the brain that can be detected in both

Table 6. Study information for all participants at >12 months post-injury.

Study PII (Yr.) N Control/Method of

Comparison

Age (M, SD) mTBI Definition C/UnC # mTBIs

CI Mangels et al., [65] 1.5 10 A/S/E 29.4 (3.3) GCS = 13–15 C —

Chadwick et al., [58] 2.25 29 A/S/SES 9.6 (2.5) 1 hour < PTA < 7 days C —

Anderson et al., [59] 2.5 17 A/S/SES 5.1 (1.5) GCS = 13 = 15; “alteration of

consciousness”

UnC 1a

Mangels et al., [65] 3.7 11 A/S/E 29.4 (3.3) GCS = 13–15 C —

Wrightson et al., [49] 3–4 57 A/S/SES 3.38 “Mild head injury” diagnosis — 1a

McCauley & Levin

[66]

5 17 OI: A/S/SES 15.3 (2.1) GCS = 13–15 C —

Geary et al., [67] 5 40 A/S/E 29.6 (1.7) Standard UnC —

Konrad et al., [68] 6 14 A/S/E 36.7 (12.4)

*
Standard C 1a

Vanderploeg et al.,

[69]

8 254 MVA & HC: A/E/R 37.8 (2.5) “mTBI with LOC” — —

CU Jaffe et al., [64] 3 40 A/S/E/SES 6–15 yr. “Mild head injury with LOC” — 1b

Konrad et al., [68] 6 19 A/S/E 36.7 (12.4)

*
Standard C 1a

A: Age; C: Complicated E: Education; GCS: Glasgow Coma Scale; HC: Healthy Controls; LOC: Loss of Consciousness; MVA: Motor-vehicle accident; OI:

Orthopedic Injury Control; PTA: Post-Traumatic Amnesia; S: Sex; SES: Socioeconomic Status; UnC: Uncomplicated

1a: No previous TBI

1b: No previous TBI requiring hospitalization

* Time of testing

https://doi.org/10.1371/journal.pone.0174847.t006
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the acute and chronic phases post-injury. They have also shown how these pathophysiological

changes manifest as measurable cognitive impairment in both single or multiple mTBI(s) [11,

71]. While studies assessing singly-concussed individuals consistently show impairment early

(3 months) post-injury, it has been suggested that only 15% of those individuals will go on to

experience persistent symptoms in the chronic phase post-injury (i.e., persistent PCS)[7–9].

Fig 2. Incidence of cognitively impaired (black bars) and unimpaired (white bars) individuals at various time points post-injury from studies

reporting cognitive outcomes using either author-supplied normative data or comparison groups (i.e., healthy or trauma controls) for the

entire sample (A) and in individuals with a confirmed history of a single concussion only (B).

https://doi.org/10.1371/journal.pone.0174847.g002

Fig 3. Incidence of cognitively impaired (black bars) and unimpaired (white bars) individuals

separated into children (no pattern) and adults (pattern).

https://doi.org/10.1371/journal.pone.0174847.g003
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Given our understanding of the underlying pathophysiological consequences of mTBI in the

chronic phase (i.e., DAI and the neurometabolic cascade), it is surprising that the literature has

not reported a greater portion of individuals with cognitive impairments in the chronic phase

(i.e., considerably more than 15%). For this reason, our scoping review assessed the evidence

in the mTBI literature for cognitive impairment in singly-concussed individuals long after the

injury (i.e., in the chronic phase post-injury).

The main finding from our scoping review relates to the incidence of persistent cognitive

impairment in individuals with chronic stage mTBI following a single concussion. The find-

ings from our scoping review do not support the conclusions of previous reports that a single

mTBI leads to PCS in 15% of individuals in the chronic stage injury, and that the other 85%

will see resolution of symptoms during the acute phase [7–9]. In contrast, we show that a large

proportion of individuals with a single mTBI will continue to demonstrate measurable

impairment in various cognitive domains including executive function, learning/memory,

attention, processing speed, and language function long after the initial injury. Further, we

show that our finding holds true in our sample of both children and adults (Fig 3), and in stud-

ies both controlling for, and failing to control for, previous concussion exposure (Fig 2). While

the methods used in this scoping review are not appropriate for determining the precise inci-

dence of persistent cognitive impairment following mTBI, our results highlight a major con-

tradiction in the mTBI literature. While the 15% estimate for PCS is widely reported in the

mTBI literature, our results suggest that for cognitive impairment, this value may well be a

gross underestimation of the true incidence. But how does the current sample of participants

compare to prior work from which the 15% estimate arose? Rutherford (1977) described the

initial sample of participants (all� 12 yrs of age) as being first time concussed, where concus-

sion was defined as “a period of amnesia resulting from a blow to the head” [72]. Initial esti-

mates indicated at 6 weeks post-injury, 49% were symptom free, 39% reported between 1 and

6 symptoms, and 2% report 6 or more. In a sub-sample of these participants (as reported in

Rutherford et. al., 1979) examined at one-year post injury, 15% reported the presence of symp-

toms [7]. While the contemporary definition of concussion is far more nuanced than that

reported in these prior studies, review of Tables 3–6 woud indicate all of the studies included

in this review (at a minimum) conform to a standard definition of mTBI which includes a loss

of consciousness and PTA < 24 hrs following the injury.

While numerous reports cite the incidence of PCS as being 15% [7–9], the primary research

demonstrating this finding suffers from several limitations. First, those studies have relied on

methods that may be insufficiently sensitive to detect subtle changes to cognition following

mTBI. For instance, studies examining singly-concussed individuals in the chronic phase post-

injury have been able to detect cognitive impairment on neurophysiological correlates of cog-

nitive function such as brain activity (i.e., event-related potentials obtained via electroencepha-

lography) whereas standard assessments of cognitive function did not show any impairment

[73]. In other words, cognitive impairments may persist undiagnosed owing to our limited

ability to detect them using standard behavioural assessments [73, 74]. Similarly, this prior

work often focused on symptoms (e.g., anxiety, loss of concentration) that could be linked to

cognitive impairment as opposed to cognitive impairment itself. Despite this discord in assess-

ment, the 15% estimate appears to be generalized to PCS and other mTBI-related impairments

in the literature. Alternatively, and as discussed earlier, it may be that clustering cognitive

impairment as one of several symptoms required for a diagnosis of PCS greatly reduces the

incidence in which cognitive impairment is reported in the literature. Regarding the sensitivity

of outcome measures, as our study relied on reviewing the evidence from research that has

used these very methods, it was not designed to overcome this limitation. By unpacking cogni-

tive impairment as a single symptom however, this work did overcome other limitations that
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may have contributed to the 15% estimate being an underestimation of the cognitive costs

associated with mTBI. Additionally, performing a scoping review overcomes single-study limi-

tations such as low power, limited numbers of participants, and lack of generalizability of the

study’s sample population. Moreover, our study was able to assess cognitive outcomes at multi-

ple time points when the majority of the individual studies only examined one post-injury

interval. Given the inability of our study to overcome the limitation of insufficiently sensitive

methodology used to assess cognition, it is possible that our results represent a further under-

estimation of the incidence of persistent cognitive impairment following a single mTBI.

Limitations

There are several limitations to the current work that should be considered when interpreting

the results. The first major limitation pertains to the article selection process used. Our exclu-

sion of studies reporting only group data for post-injury interval or number of concussions

greatly decreased the sample size. Including these studies, however, would have greatly

increased heterogeneity and thus increased the difficulty of pooling data across studies. Fur-

ther, we would not have been able to temporally organize our data (i.e., with respect to post-

injury interval) had we included studies reporting mean post-injury intervals. Unfortunately,

the mTBI literature has not emphasized the reporting of individual participant data for post-

injury intervals or number of previous concussions. This artefact of the mTBI literature sug-

gests that the primary interest of mTBI research has not been on establishing the relationship

between post-injury interval and the amelioration of cognitive symptoms. This relates to

another limitation of our work—the participants in our review were not all gathered from lon-

gitudinal studies assessing the same participants across each post-injury interval. Solely look-

ing at data from longitudinal studies, however, would have greatly diminshed our sample size.

We included studies using three different methods of comparison for assessing outcome

measures—that is, those using normative data, those using cut-off scores, and those providing

control groups. While the control group method of comparison is applied to group data, the

cut-off score and normative data methods were applied to individual data. Thus, for studies

providing control groups, the entire mTBI group would be assigned to either the CI/CU group

whereas studies providing cut-off scores or normative data, individual participants were allo-

cated to each CI/CU group. Individual participant binarization is not prone to the limitations

posed by group data binzarization using control groups. Group data binarization inevitably

bins groups of participants together disregarding the individual data on outcome measures.

Despite the obvious limitation of working with group data, excluding these studies would have

greatly diminished our sample size. Given our main research objective—that is, to synthesize

the breadth of literature reporting on long-term cognitive outcomes in individuals with a sin-

gle mTBI—we opted for a methodological approach that would maximize the number of stud-

ies included while still balancing the need to control for limitations. In any case, the

limitations posed by group homogeneity (or lack thereof) should be taken into consideration

when interpreting the results.

Conclusion

A widely cited figure in the literature suggests that only 15% of first-time concussed individuals

will go on to experience persistent PCS and concomitant long-term cognitive impairment.

While duly noting the limitations of our scoping review and the addressed studies, our find-

ings suggest that this number is likely a gross underestimation at least in relation to cognitive

impairment and should be carefully examined in future prospective, longitudinal studies.
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OBJECTIVE: A 6-year study was conducted to determine the signs, symptoms, and
outcome of concussions with 7 or more (7�) days out from play or extended postcon-
cussion recovery in the National Football League (NFL).
METHODS: From 1996 to 2001, reporting of concussion was performed by NFL teams using
a special standardized reporting form filled out by team physicians. Signs and symptoms were
grouped by general symptoms, somatic complaints, cranial nerve effects, cognition problems,
memory problems, and unconsciousness. Medical action taken and management were re-
corded. In all, 887 concussions were reported in practices and games.
RESULTS: There were 72 concussions (8.1%) involving 7� days out from play. The highest
frequency occurred in quarterbacks (14.8%), the return unit on special teams (11.8%), and
secondary (10.8%). Quarterbacks had the highest odds ratio (OR) of 7� days out with
concussion (OR � 2.10, P � 0.049), whereas running backs had the lowest relative risk (OR
� 0.13, P � 0.021). The greatest fraction of 7� days out occurred in passing plays (36.1%) and
kickoffs (22.2%). Many signs and symptoms occurred at a greater frequency on initial exam-
ination in players 7� days out; the average number per player was 4.64 with 7� days out
versus 2.58 with fewer days out (t � 6.02, df � 77.1). The signs and symptoms with the highest
incidence for 7� days out were disorientation to time (�2 � 51.2, P � 001), retrograde amnesia
(�2 � 33.2, P � 0.001), fatigue (�2 � 28.1, P � 0.001), and the general category of cognition
problems (�2 � 21.7, P � 0.001). Loss of consciousness for more than 1 minute was a predictor
of 7� days out (�2 � 33.5, P � 0.001), although it occurred in only 7.9% of cases. Of players
with 7� days out, 72.2% were removed from the game and 12.5% were hospitalized. These
frequencies were significantly greater than for players with fewer than 7 days out (�2 � 68.03,
df � 3, P � 0.0001). Approximately 90% of players were managed by rest, irrespective of days
out, but a greater fraction were given drug or medical therapies with prolonged days out.
CONCLUSION: The most vulnerable players for 7� days out with concussion were
quarterbacks and the secondary in professional football. Although 8.1% of concus-
sions involved 7� days out, only 1.6% involved a prolonged postconcussion syn-
drome. They recovered from symptoms and had a consistent return to play in the NFL.

KEY WORDS: Concussion, Concussion guidelines, Epidemiology, Injury surveillance, Postconcussion
syndrome, Sport injury, Traumatic brain injury
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The great majority of athletes who sustain
concussion (mild traumatic brain injury
[MTBI]) make a relatively quick recovery

and return to play in a short period of time. How-
ever, a relatively small number of athletes develop
persistent postconcussion symptoms and are un-
able to return to play for an extended period. Of-
ten, the persistent postconcussion symptoms are
seen 1 or more weeks after the injury. The postcon-
cussion syndrome follows head injury that is usu-

ally mild and consists of any combination of
symptoms and signs that occur after MTBI (19; see
also the Operational Definitions section of this
article).

Although physicians have known of postcon-
cussion symptoms for hundreds of years, the term
“postconcussion syndrome” was first coined in
1934 to describe the “subjective posttraumatic syn-
drome . . . due directly to the blow on the head”
(45). Some authors have divided the postconcus-

1100 | VOLUME 55 | NUMBER 5 | NOVEMBER 2004 www.neurosurgery-online.com

Downloaded from https://academic.oup.com/neurosurgery/article-abstract/55/5/1100/2753655
by guest
on 30 March 2018



sion syndrome into an early and a late postconcussion syndrome
when it persists for more than 6 months (7, 19). However, it is not
exactly clear at what point in time the symptoms that characterize
cerebral concussion (MTBI) come to be those of postconcussion
syndrome. In other words, when does cerebral concussion end and
postconcussion syndrome begin? Very few data are available on the
evolution from head injury to postconcussion syndrome in athletes.
Detailed analysis of the cohort of athletes who are out 7 or more
(7�) days after MTBI can provide such data and help shed light on
the recovery from concussion in professional football players.

Over the years, there have been numerous attempts to determine
the severity of concussion in athletes. These have generally ap-
peared in the form of guidelines for the evaluation and manage-
ment of MTBI (1, 4, 9, 11, 12, 31, 40). With the exception of a recent
revision of Cantu’s earlier work (5), the symptoms for the grading of
concussion severity have relied on events immediately surrounding
the head impact to determine or predict the severity of injury. Their
focus has been on the presence or absence of loss of consciousness
after impact, the presence or absence of posttraumatic amnesia, and
the presence or absence of symptoms such as confusion, dizziness,
and headaches. These observations are made within a few minutes
of concussion to determine the grade or severity of the injury. The
MTBI Committee and many physicians who treat athletes with
concussion have been uncertain of these grading systems because
they often do not seem to correlate with the patients’ clinical course
after concussion in National Football League (NFL) players.

Clinicians, including the present authors, frequently treat
athletes with a prolonged and/or severe postconcussion syn-
drome who by the grading criteria had only very mild con-
cussions and conversely, often treat patients who make a
complete, rapid recovery after experiencing what was
“graded” as a severe concussion. This raises questions about
the sensitivity and specificity of the grading criteria.

The purpose of this article is to compare the small group of NFL
players who do not return to play for 7� days after an MTBI with
the majority of NFL players who do return within 7 days. By
analyzing this cohort with 7� days out, the authors hope to deter-
mine the demographic and clinical differences between the two
groups that might account for the extended period of missed play-
ing time. Such data may shed light on possible prognostic factors
that can aid treating physicians in the early evaluation of athletes
who sustain concussion. These data may also be useful in the
refinement of existing concussion grading and management criteria.

The 7-day dividing line between the groups does not reflect an
arbitrary distinction. Because NFL teams play games only once a
week, the players in this study cohort all missed at least one game.
NFL teams play only 16 games per season. Therefore, missing one
game implies a significant loss of playing time. Therefore, the study
cohort all had significant functional impairment secondary to MTBI,
although the recovery from many of the signs and symptoms may
have occurred a few days after concussion.

BACKGROUND

In 1994, the NFL formed the Committee on MTBI in response
to safety concerns regarding head injuries. Background on the

committee has been provided by Pellman (35). Its mission was to
investigate MTBI in the NFL by various scientific methods.

The MTBI Committee undertook a series of research projects
aimed at defining concussion biomechanics in professional football.
On the basis of analysis of game video and laboratory reconstruc-
tion of severe impacts using instrumented test dummies, the bio-
mechanics of concussion has been determined for professional play-
ers. This has included data on the head acceleration of injury (38)
and the location and direction of impacts (39).

The committee also determined a strong need to monitor the
frequency of MTBI in the NFL and at the same time to identify
the clinical signs and symptoms associated with concussion. The
initial study focused on the characteristics of 787 concussions
during regular-season NFL games, its signs and symptoms, and
the relative risk by player position (36). A more recent study by
Pellman et al. (37) addressed 887 concussions occurring over a
period of 6 years, from 1996 to 2001, in practice and in all games.
It evaluated repeat concussions in professional football, includ-
ing the clinical signs and symptoms with repeat and multiple
(three or more) concussions. The second impact syndrome was
not found in this population.

PATIENTS AND METHODS

The MTBI Committee devised a simple form for team physicians
to complete on observed and reported signs and symptoms on
initial and follow-up examinations whenever they evaluated a
player who sustained concussion. At the NFL level, there is close
cooperation between team physicians and athletic trainers on player
medical issues, and they worked together to collect cases and data
for this study. All players were examined by team physicians, and
all management decisions were made by physicians. During the
study period, two teams were added to the NFL. This registry of
concussions involved MTBI data from 30 teams in the NFL. The
median number of concussions reported by the teams was 26
(range, 6–72) during the study period. Player’s names were not
included on the forms to maintain confidentiality. They were iden-
tified by a six-digit number.

Operational Definitions

The definition introduced by the committee in 1996 and
used for the study is as follows. A reportable MTBI is a
traumatically induced alteration in brain function, which is
manifested by 1) alteration of awareness or consciousness,
including but not limited to being dinged, dazed, stunned,
woozy, foggy, amnesic, or, less commonly, rendered uncon-
sciousness or, even more rarely, experiencing seizure; and 2)
signs and symptoms commonly associated with postconcus-
sion symptoms, including persistent headaches, vertigo, light-
headedness, loss of balance, unsteadiness, syncope, near-
syncope, cognitive dysfunction, memory disturbance, hearing
loss, tinnitus, blurred vision, diplopia, visual loss, personality
change, drowsiness, lethargy, fatigue, and inability to perform
usual daily activities. The definition is a natural extension of a
much earlier one from the Ad Hoc Committee to Study Head
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Injury Nomenclature of the Congress of Neurological Sur-
geons (13) and is consistent with a more recent definition by
the American Congress of Rehabilitation Medicine (2).

Alteration of Awareness

There is some difficulty in eliciting a history of loss of con-
sciousness or a transient alteration in awareness in professional
football players. MTBIs may be very short-lived and thus not
witnessed by the athletic trainer or medical staff. In addition, the
player may not want to admit that such an event occurred
because of a concern that he may lose playing time. Accordingly,
any player who met any of the above criteria as determined by
the athletic trainer or medical staff was included as an MTBI.
Despite this, it is possible that a player could have sustained an
MTBI but not have been included because of a lack of coopera-
tion or a very transient and unrecognized episode.

Signs and Symptoms

MTBI is a clinical syndrome that may present with a broad
spectrum of signs and symptoms, many of which are nonspecific
and can be associated with other clinical diagnoses. The MTBI
Committee members who are team physicians in the NFL, as well
as MTBI Committee consultants with special expertise in the fields
of sport neuropsychology and sport neurology, developed a list of
the most common signs and symptoms with concussion. They were
grouped into six categories: 1) general symptoms, 2) somatic com-
plaints, 3) cranial nerve findings, 4) cognitive abnormalities, 5) mem-
ory problems, and 6) unconsciousness. The checklist was filled out
for each player with a concussion.

A purposely large and inclusive list was selected to capture all
of the possible clinical signs and symptoms with MTBI in pro-
fessional football players. The signs and symptoms that were
recorded are consistent with previous medical literature on the
postconcussion syndrome and the symptoms and signs seen
after traumatic brain injury. Most of the items are symptoms the
player may complain of or that the physician may elicit by
history. However, some items are mental status findings (retro-
grade amnesia, anterograde amnesia, and problems with infor-
mation processing, attention, and immediate recall). The commit-
tee did not distribute uniform testing instruments to the team
physicians but rather left the assessment of these parameters to
the discretion of the individual team physicians. The rationale for
the various signs and symptoms can be found in Pellman et al. (36).

The form contained questions about physical examination find-
ings, initial management, tests ordered, and disposition regarding
return to play. A form was generated for each player’s MTBI,
including the initial evaluation and all subsequent follow-up visits
until the player was cleared for return to play. The individual team
physicians were to complete the initial and follow-up forms on the
basis of their clinical findings. In the final analysis, the signs and
symptoms were designed to be interpreted by the physicians in the
context of the case. In a few cases, the initial examination form may
have been completed the next day, which would have allowed a
sleep disturbance finding on the form. Team physicians and their
consultants used their own evaluation procedures to manage the

injury. The committee did not impose outside medical decision-
making on the medical staffs of the individual teams. The individual
team physicians were to complete the initial and follow-up forms on
the basis of their clinical findings.

Return to Play

The following definitions apply to the return-to-play aspect of
the medical report. NFL team physicians clear a player for return
to play only after he becomes asymptomatic (with the exception
of a mild headache) and has a normal neurological examination.

Return immediately: The player returns after an evaluation by
the team physician demonstrates that the player is asymptom-
atic. The key here is that the player, because of his relative
position on the team, may not be called to action for several
minutes. For example, if the player was on the kickoff team
and sustained an MTBI, the physician would perform an
evaluation and determine that the player is ready to return,
yet, depending on the game, it may be minutes or possibly an
hour or so before he actually gets back on the field.

Rest and return: The player is evaluated, and it is determined that
there should be some protracted time before a decision is made to
return. The key would be that the player did eventually return to the
same game or practice. An example might be that the injury occurs
in the last 5 minutes of the second quarter. Because it is close to
halftime, the decision to return is not made until the third quarter.

Removed from play: This means that the player was not allowed
to return to the game or session in which he was injured.

Hospitalized: The player was admitted to the hospital, generally
characterized as more than 18 hours. This would mean that going to
a local hospital for an x-ray, head computed tomographic scan, etc.,
and then going home would not be classified as “hospitalized.”

Days Out

The definition of days out is the time between the date of injury
and the date that the player was permitted to return to full and
unlimited participation (41). Full and unlimited participation means
that the player must be able to perform all the activities of the
session at the same intensity as his teammates. If a player were in a
practice session and were not allowed to participate in contact drills,
he would not be considered to be returned to participation, because
he was not able to perform all of the activities expected of his
teammates. In essence, this tells us that on the date of return, the
player was expected to participate fully in all of the activities that
were planned for the team practice or game.

Efforts to Improve Compliance

The Commissioner of the NFL encouraged all team physicians to
complete and return forms whenever they examined a player with
a head injury. The project was designed to record information about
the injury. The forms were designed for ease of completion, and the
data were limited to those points that would provide the most
relevant information on MTBI to improve compliance. The data
forms were sent to the NFL epidemiologist and entered into a
database with a blinded coding to maintain anonymity of the play-
ers. When an initial evaluation form was submitted but the
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follow-up visit form was not, committee members contacted team
athletic trainers and doctors directly to remind them to submit the
follow-up forms. During biannual meetings, the committee moni-
tored the data and discussed findings.

Quality Assurances
The MTBI evaluation forms were logged in by the committee’s

epidemiologist and scanned into a database by use of a commercial
software program (Teleforms, Cardiff, CA). During the data log-
ging, the individual forms were reviewed manually. Each form was
then scanned into a temporary database and verified before being
entered into the final database. Any fields that were incomplete or
inconsistent triggered a follow-up contact with the team athletic
trainer or physician to verify the data. The final database includes
information from the initial and follow-up evaluation forms submit-
ted by team physicians.

Statistics
Descriptive statistics were used to characterize those players who

were out fewer than 7 (�7) days and those who were out 7� days
from play during the 6 years of surveillance. �2 and t tests were used
to compare the signs and symptoms, medical action, management,
and time loss to the team of those players who were out �7 days
and those who were out 7� days from play. Combinations and
presence of signs and symptoms that might predict 7� days out
were explored in multiple ways. The final screening was derived
from a multiple logistic regression model with forward conditional
selection using variables that were at least twice as common in those
7� days out than in those with �7 days out. Cantu’s (5) suggestion
of 1 minute or more of unconsciousness was used to categorize loss
of consciousness for statistical analysis, because of many unknown,
missing, or indeterminate cases. Data are presented on all known
cases of loss of consciousness, those reported as zero (or no loss of
consciousness), and the unknown cases.

The median duration between the first concussion and con-
cussion in those with 7� days out was more than 1 year. The
longest interval between the first concussion and concussion
in those with 7� days out was 4.6 years, but seven players
experienced the second injury during the same week.

Signs and Symptoms from Initial and Follow-
up Examinations

The physicians were asked to record at least one follow-up per
case at the time of return to play. If a player did not return on the
same day, they were to complete a follow-up each time they
performed an evaluation until the player was cleared to return to
play. The follow-up examination dates and times were recorded
on the individual forms. All cases with 7� days out were
searched for follow-up medical forms, and each was coded by
the order of occurrence using the date and time recorded by the
physicians. Using the onset time of the case, the initial examina-
tion date and time and each follow-up date and time were
calculated, along with the time between the initial examination
and the first follow-up, then the second, and so on. The median
and percentiles were determined. This information showed the
change in signs and symptoms during recovery.

Video of 182 NFL Game Impacts

Video of severe and concussive impacts in NFL games was
evaluated for impact types and locations by Pellman et al. (38, 39). In
a further analysis, it was possible to use the date, team, and player
identifications to match cases with concussions in the MTBI data-
base. In all, 89 matches (49%) were made with verified concussions
and medical evaluations. There were 18 concussions with 7� days
out caught on game video, typically with multiple views of the
impact and with clear visual evidence of the injury; one case was
obscured from view. This allowed an analysis of the type of plays
and collisions associated with lengthy stays out from play. The
general characteristics of the impacts was observed and compared
with other concussion blows involving fewer days out. This in-
cluded the type of play, tackle, and speed of impact.

RESULTS

Table 1 shows the number of days out from practice and
play in the NFL with single and repeat concussion. For this
study, the cases involving 7� days out were investigated.
They represent 7.8% of single concussions, 10.0% of those with
a second injury, and 14.1% (P � 0.09) of players experiencing
the third to seventh concussion in the 6-year study period. On
average, concussions with 7� days out represent 8.1% of all
MTBIs in the NFL, but it is an important group if there is a
way to differentiate the likelihood of having 7� days out at
the time of the initial medical evaluation.

There were 72 cases with 7� days out involving 68 players.
The average age of the players was 27.6 � 3.6 years, similar to
the average of players with 0, 1, 2, and 3 to 6 days out with
concussion. Of these injuries, 38 were single concussions in the
study period, 8 were the first of repeat concussion, 16 were the
second, 7 the third concussion, and so on in the study period.
The median duration between first injury and 7� days out
was 364 days, and the median duration between last injury
and 7� days out was 329 days, statistically similar.

Four players had two concussions with 7� days out in the study
period. Two of these players had successive concussions in the same
season. For one player, it was the second and third concussions. The
third injury occurred 38 days after the second. The second injury
involved 13 days out, and the third, 32 days out. For the other
player, it was the first and second concussions. The second injury
occurred 40 days after the first, and each injury involved 9 days out.
Two players had concussions with 7� days out in successive sea-
sons. For one player, it was the fourth and fifth concussions, involv-
ing 22 and 15 days out. That player had a sixth concussion, involv-
ing 6 days out in the study period. For the other player, it was the
first and third injuries, involving 9 and 46 days out. The intervening
concussion occurred 18 days before the third injury and involved 3
days out. The player with 98 days out with the third concussion had
experienced the second injury in the previous season, and that
injury involved 0 days out.

Table 2 shows the incidence of concussion by player position for
all concussed players in the six NFL seasons. There were 650 players
who experienced 887 concussions during the study period, and
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their position for each concussion was counted in this analysis. The
left columns show the number of concussions by player position
with �7 and 7� days out. As a group, special teams (29.2%) expe-
rienced fewer concussions with 7� days out than the defensive
(34.7%) and offensive (36.1%) teams. Individually, the position
groups most often associated with 7� days out are the defensive
secondary (23.6%), kick unit (19.4%), quarterbacks (12.5%), and
wide receivers (12.5%).

The fraction of players in a position with 7� days out versus
all in that group was highest for the quarterback (14.8%), the
return unit on special teams (11.8%), the secondary (10.8%),
followed by the kick unit (10.4%) on special teams. Also in-
cluded is the odds ratio (OR) for those positions statistically
different for 7� days out with concussion versus other posi-
tions on the team. Quarterbacks had the highest odds ratio
(OR � 2.1, P � 0.049) of 7� days out with concussion, whereas
running backs had the lowest relative risk (OR � 0.13, P �
0.021). As a position group, special teams have a higher inci-
dence of 7� days out (OR � 1.34, P � not significant [NS]).
The punter in the 7� days out group sustained his injury

during practice, early in the season. He had a “collision with
the ground” in some game-like scrimmage on Astroturf.

Table 3 shows the team activity associated with concussion
and the number of days out from the NFL. The highest inci-
dence of 7� days out occurs in passing plays (36.1%), followed
by kickoffs (22.2%). The frequency of 7� days out for concus-
sions in an activity category is also included. The highest
frequency of 7� days out by activity versus all concussions is
in kickoffs (12.4%), runs inside tackle (8.6%), and passing
plays (8.5%). There was no statistical difference in team activ-
ity for comparison of �7 and 7� days out (P � NS).

Table 4 summarizes the signs and symptoms of concussion
by days out during the 1996 to 2001 seasons. The players
experiencing 7� days out have more signs and symptoms
than those with MTBIs involving fewer days out. The symp-
toms with the highest incidence are headaches (70.8%), dizzi-
ness (52.8%), immediate recall problems (44.4%), and delayed
retrograde amnesia (41.7%) with concussion having 7� days
out. Many of the symptoms occur at a statistically higher rate.
On the basis of �2 analysis, the symptoms most frequently

TABLE 1. Days out with single and repeat concussions in the National Football League, 1996–2001

Days out
Single

concussion

Repeat concussions Total
concussions1st 2nd 3rd 4th 5th 6th 7th

0 261 98 92 32 7 5 1 1 497
1 50 18 14 1 2 85
2 82 21 20 8 2 1 1 135
3 34 8 11 53
4 9 4 4 1 18
5 5 1 6
6 11 3 3 2 1 1 21

7 8 8
8 8 1 1 10
9 8 6 10 3 1 28

10 3 1 4
11 2 2
12 1 1
13 2 2 1 5
15 1 1 2
16 2 2
17 1 1
18 2 2
20 1 1
22 1 1
33 1 1 2
41 1 1
46 1 1
98 1 1

No. of concussions 490 160 160 51 15 7 3 1 887
No. of 7� days out 38 8 16 7 2 1 0 0 72
% 7� days out 7.8% 5.0% 10.0% 13.7% 13.3% 14.3% 0.0% 0.0% 8.1%
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occurring with 7� days out are not oriented to time (�2 � 51.2,
P � 0.001), loss of consciousness �1 minute (�2 � 33.5, P �
0.001), retrograde amnesia (�2 � 33.2, P � 0.001), fatigue (�2 �
28.1, P � 0.001), and the general category of cognition prob-
lems (�2 � 21.7, P � 0.001). There was also a higher incidence
of problems with immediate recall (�2 � 17.2, P � 0.001) and
the general category of memory problems (�2 � 18.0, P �
0.001). On average, there were 4.64 signs and symptoms with
7� days out compared with 2.58 for concussions with �7 days
out (t � 6.0, df � 77.7, P � 0.001).

For the �7 days out group, of 326 players with an entry
recorded at the time of concussion, there were 40 players who
experienced loss of consciousness. The other cases were listed
as indeterminate, unknown, or unrecorded. The duration of
unconsciousness ranged from 1 second to 15 minutes. Seven
players were unconscious 1 minute or more. For the 7� days
out group, of 28 recorded cases, 19 players experienced loss of
consciousness. The duration of unconsciousness ranged from

6 seconds to 22.5 minutes, and there were 7 cases with 1
minute or more of unconsciousness. Seven of the 19 players
with loss of consciousness were hospitalized, and the remain-
der were removed from play. Although the typical duration of
unconsciousness was less than 1 minute, the four longest
ranged from 3 minutes 20 seconds to 22.5 minutes, but inter-
estingly, none of these patients were hospitalized. The nine
hospitalized patients usually showed loss of consciousness
and many signs and symptoms; however, one player had only
two. It was his fourth concussion. On the basis of reported
cases, the rate of unconsciousness was 5.5 times greater in the
7� days out group than in those out �7 days (P � 0.001).

Knowing which players will experience prolonged removal
from play would be valuable to team physicians and players.
The simple assumption that all players will return to play in
�7 days would miss all those players out 7� days; that is, this
assumption has a sensitivity of 0%. To increase the sensitivity
of that estimate, signs and symptoms occurring at least twice

TABLE 2. Incidence of concussions involving <7 and 7� days out by player position in six National Football League seasonsa

Player position
Days out

Odds ratiob 95% confidence interval
<7 7� % 7�

Offense
Wide receiver 101 9 8.2% 1.01 0.49–2.09
Running back 77 1 1.3% 0.14c 0.02–0.99
Quarterback 52 9 14.8% 2.10d 0.99–4.45
Offensive line 71 5 6.6% 0.78 0.31–2.00
Tight end 45 2 4.3% 0.49 0.12–2.06
Subtotal 346 26 7.0% 0.77 0.46–1.26

Defense
Secondary 140 17 10.8% 1.49 0.84–2.65
Defensive line 73 5 6.4% 0.76 0.30–1.94
Linebacker 62 3 4.6% 0.53 0.16–1.73
Subtotal 275 25 8.3% 1.04 0.63–1.73

Special team
Kick unit 121 14 10.4% 1.38 0.75–2.56
Return unit 30 4 11.8% 1.54 0.53–4.50
Return ball carrier 20 2 9.1% 1.14 0.26–4.96
Punter 7 1 12.5% 1.63 0.20–13.40
Kicker, FGA 1 0 0.0% 0.00
Kicker, PAT 1 0 0.0% 0.00
Holder 1 0 0.0% 0.00
Undesignated 11 0 0.0% 0.00
Subtotal 192 21 9.9% 1.34 0.78–2.28

Unknown 2 0 0.0% 0.00

Total 815 72 8.1%

a FGA, field goal attempt; PAT, point after touchdown.
b Unit of observation is concussion. Also tested using unit of observation as the player, with virtually the same results.
c P � 0.021, �2 � 5.36.
d P � 0.049, �2 � 3.87.
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as frequently in those players experiencing 7� days out were
entered into a multivariate logistic regression with forward
selection to arrive at a parsimonious group of signs and symp-
toms. The presence of fatigue, photophobia not oriented to
time, or retrograde amnesia correctly identified 50 of the 72
players experiencing 7� days out, for a sensitivity of 69%, and
correctly identified 599 of the 815 players who did not expe-
rience 7� days out, for a specificity of 73%. Unfortunately, the
presence of any one of those signs and symptoms also iden-
tified 216 players who did not experience 7� days out, for a
positive predictive value of 19%. Adding loss of consciousness
for 1 minute or more to the screening increased the sensitivity
to 72% but decreased the specificity.

Table 5 summarizes the medical action taken after concussion
by the number of days out. The majority of players with 7� days
out with concussion are removed from the game (72.2%). The
next highest fraction is players who are hospitalized (12.5%).
Only 6.9% of the players who experienced 7� days out returned
to the game immediately. In terms of percentage of players with
7� days out versus those with �7 days out by action taken, a
higher fraction (45.0%) were hospitalized and removed from
play (12.6%). The differences in action taken are statistically
significant (�2 � 68.03, df � 3, P � 0.0001 for comparison of �7
versus 7� days out). For players who returned immediately or
rested and returned to the game, the median time was 15 min-
utes (mean, 30.1 min) for those out �7 days. For the 10 players
out 7� days, it was not possible to determine the time to return
to the same game, but the median time to the next return to play
was 10 days (mean, 12.1 d).

Table 6 shows the management of players with concussion
by number of days out. The majority of players with concus-
sion (88.9%) are rested with 7� days out, compared with
90.7% with �7. In terms of percentage of players with 7� days
out versus fewer days by management, a greater fraction

are given medical procedures (22.2%), immobilized (20.0%),
and given therapeutic procedures (18.2%) with 7� days out.
Overall, the data show a conservative treatment of concussion.
There was no statistical difference in player management for
comparison of �7 and 7� days out (P � NS).

Signs and Symptoms from Initial and Follow-
up Examinations

Figure 1 shows the time to initial and follow-up examinations for
the players with 7� days out. The initial examination was typically
made within a couple of minutes for the majority of players. The
median first follow-up examination was within 19.3 hours (3.2 and
43.1 h were the 25th and 75th percentiles). Typically, the fourth
median follow-up examination was made in 4.7 days and the sev-
enth at 13 days for the most severely injured players.

Between the initial examination and first follow-up, most of
the signs and symptoms started to decrease, except for increases
in the general category of memory problems (24–39 cases with
problems), fatigue (17–22 cases), irritability (1–3 cases), and sleep
problems (3–4 cases). Curiously, the large increase in the general
category of memory problems was not seen in the specific symp-
toms of attention problems, retrograde amnesia, antegrade am-
nesia, and information processing, which decreased 30 to 60% by
the first follow-up examination.

By the fourth follow-up examination, all memory and cogni-
tion problems had cleared. However, the following signs and
symptoms were present in some players. Nine (17.7%) still
showed a general symptom, which was exclusively headaches.
Eight (18.2%) of the initial 44 players with cranial nerve symp-
toms remained. The two specific symptoms were dizziness in 5
(16.7%) and photophobia in 2 (25%) from the initial examination.
Somatic complaints remained in 4 players (16%), including 1
(14.3%) with personality change and another with fatigue. By the

TABLE 3. Team activity at time of injury and days out with concussion in the National Football Leaguea

Team activity
Days out

Total % <7 % 7� % 7� versus all
0 1 2 3 4 5 6 7�

Passing 167 27 42 26 10 3 4 26 305 34.2% 36.1% 8.5%
Interception 5 0 0 1 0 1 3 0 10 1.2% 0.0% 0.0%
Run inside tackle 88 15 23 5 1 1 6 13 152 17.1% 18.1% 8.6%
Run outside tackle 75 11 26 8 1 0 0 8 129 14.8% 11.1% 6.2%
Fumble 3 0 0 0 0 0 0 0 3 0.4% 0.0% 0.0%
Punt 40 9 15 6 1 0 1 5 77 8.8% 6.9% 6.5%
Field goal attempt 1 1 0 0 0 0 0 0 2 0.2% 0.0% 0.0%
Point after touchdown 1 0 0 0 0 0 0 0 1 0.1% 0.0% 0.0%
Kickoff 71 12 19 5 2 1 3 16 129 13.9% 22.2% 12.4%
Other 28 5 5 2 3 0 2 1 46 5.5% 1.4% 2.2%
Unknown 18 5 5 0 0 0 2 3 33 3.7% 4.2% 9.1%
Total 497 85 135 53 18 6 21 72 887 815 72 8.1%

a P � not significant for comparison of �7 and 7� on team activity.
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TABLE 4. Initial signs and symptoms of concussion by days out from the National Football Leaguea

Signs and symptoms

Days out; no. of cases (n � 887)
% <7
(815)

% 7�
(72)

7� injuries
versus all
(8.1%)

Comparison of <7
and 7�

0
(497)

1
(85)

2
(135)

3
(53)

4
(18)

5
(6)

6
(21)

7�
(72)

P
value

�2

General symptoms 281 56 106 37 16 5 15 55 63.3% 76.4% 9.6% 0.026 4.93
Headaches 243 52 95 34 15 4 15 51 56.2% 70.8% 10.0% 0.016 5.80
Nausea 32 7 18 7 2 1 5 6 8.8% 8.3% 7.7%
Vomiting 5 2 4 1 1 0 2 0 1.8% 0.0% 0.0%
Neck pain 44 8 33 5 3 2 7 14 12.5% 19.4% 12.1%
Back pain 3 0 0 0 0 0 0 0 0.4% 0.0% 0.0%
Syncope 9 1 0 1 0 0 1 1 1.5% 1.4% 7.7%
Seizures 0 0 0 0 1 0 0 0 0.1% 0.0% 0.0%

Somatic complaints 65 15 33 17 8 3 8 29 18.3% 40.3% 16.3% 0.001 19.95
Irritability 14 1 6 3 1 0 0 1 3.1% 1.4% 3.8%
Anxiety 17 6 12 2 3 0 0 7 4.9% 9.7% 14.9%
Depression 0 0 1 0 0 0 1 1 0.2% 1.4% 33.3%
Personality change 14 4 7 3 2 2 5 8 4.5% 11.1% 17.8% 0.015 5.93
Fatigue 26 5 11 11 4 2 3 19 7.6% 26.4% 23.5% 0.001 28.12
Sleep disturbance 1 1 1 0 0 0 0 3 0.4% 4.2% 50.0% 0.001 14.21
Loss of libido 0 0 0 0 0 0 0 0 0.0% 0.0% —
Loss of appetite 1 1 0 0 0 0 0 0 0.2% 0.0% 0.0%

Cranial nerve effects 258 47 70 31 6 3 9 50 52.0% 69.4% 10.5% 0.005 8.07
Dizziness 208 32 56 26 4 2 8 38 41.2% 52.8% 10.2%
Vertigo 13 3 10 1 0 1 0 5 3.4% 6.9% 15.2%
Tinnitus 11 1 5 1 0 0 1 4 2.3% 5.6% 17.4%
Nystagmus 2 4 0 1 0 0 1 1 1.0% 1.4% 11.1%
Hearing loss 0 0 0 0 0 0 0 0 0.0% 0.0% —
Diplopia 11 0 1 2 0 1 0 3 1.8% 4.2% 16.7%
Photophobia 12 4 3 3 1 1 1 9 3.1% 12.5% 26.5% 0.001 14.34
Blurred vision 69 17 26 10 1 2 1 16 15.5% 22.2% 11.3%
Pupil response 3 1 0 1 1 0 0 0 0.7% 0.0% 0.0%
Pupil size 1 0 0 0 0 0 0 0 0.1% 0.0% 0.0%

Cognition problems 83 23 50 24 11 3 7 36 24.7% 50.0% 15.2% 0.001 21.69
Not oriented to person 6 1 6 2 2 1 0 6 2.2% 8.3% 25.0% 0.002 9.43
Not oriented to place 11 3 12 5 2 2 0 10 4.3% 13.9% 22.2% 0.001 12.65
Not oriented to time 22 3 10 7 3 2 0 21 5.8% 29.2% 30.9% 0.001 51.17
Immediate recall 76 20 45 23 11 2 7 32 22.6% 44.4% 14.8% 0.001 17.17

Memory problems 144 32 60 32 11 2 11 44 35.8% 61.1% 13.1% 0.001 17.97
Attention problems 45 12 23 11 4 0 4 18 12.1% 25.0% 15.4% 0.002 9.54
Information processing 63 13 30 15 4 0 4 18 15.8% 25.0% 12.2% 0.045 4.03
AGA delayed 23 9 16 12 5 1 2 12 8.3% 16.7% 15.0% 0.018 5.59
RGA delayed 60 11 24 17 4 1 5 30 15.0% 41.7% 19.7% 0.001 33.21

Unconsciousness (�1 min) 0 0 3 1 2 1 0 7 1.7% 9.7% 50.0% 0.001 33.46
All loss of consciousness 14 6 9 6 3 2 0 19 4.9% 26.4% 32.2%
All reported as zero 193 27 38 12 7 2 7 9 36.2% 12.5%

Mean no. of symptoms 2.10 2.61 3.37 3.85 4.22 4.50 3.48 4.64 2.58 4.64 0.001 t � 6.02,
df � 77.7,
P � 0.001

a AGA, antegrade amnesia; RGA, retrograde amnesia.
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seventh examination, only headaches remained to clear, because
all other signs and symptoms had returned to normal.

Video of 182 NFL Game Impacts

There were 18 concussions involving 7� days out that were
caught on video and showed clear evidence of the collision.
They fell into three general types. The first type involved 6
helmet impacts (33.3%) on the facemask of the concussed
player in the 0- to 45-degree quadrant (see Pellman et al. [39]
for a description of the quadrant and level). The blows were
mostly low on the facemask (3 at �Q3 and 2 at �Q1), because
the player’s head was pushed up and backward. The second
type involved 6 helmet (33.3%) (4 cases) or shoulder pad (2
cases) impacts to the side of the helmet in the 45- to 135-degree
quadrants. These were usually high on the helmet (2 at �Q2
and 3 at �Q3) at a downward angle toward the neck. The
third type involved 6 impacts to the back of the helmet (135–
180 degrees) (33.3%) either from a fall to the ground (3 cases)
or helmet impact (3 cases). The majority (4 cases) of these
impacts were at level �Q2 on the back of the helmet. The
general characteristics of the impacts were observed and com-
pared with other concussion blows involving fewer days out.
This included the type of play, tackle, and speed of impact.

The review of 18 cases involving 7� days out caught on
game video supports this point. Most of the cases involve
open-field impacts in which the players are running at high
speeds before the collision. The most severe impacts seem to
occur on kickoffs and passing plays, in which the offensive
and defensive players are running at full speed. In a few cases,
players from the same team converge on the ball carrier or
receiver, missing their target and colliding together. In others,
the collision involves a targeted impact with players lowering
their helmets and driving through the other player, or the
player is thrown hard to the ground. In a few cases, the
collision involved a double impact, which may be a factor in
the severity of injury. These cases involved different directions
of loading in the collision sequence.

Two of the cases of 7� days out caught on game video were
also reconstructed in the laboratory with crash test dummies.
They are cases 69 and 124 in Pellman et al. (38, 39) and

involved very high impact speeds, 10.3 m/s (23.0 mph) and
11.4 m/s (25.5 mph), respectively. These speeds are in the
highest range of the collision severities for concussion in the
NFL, close to average plus 1 standard deviation in collision
speed. Pellman et al. (38) found that the average concussion
impact in the NFL was at 9.3 � 1.9 m/s (20.8 � 4.3 mph), so
the average plus 1 standard deviation is 11.2 m/s (25.0 mph).
Interestingly, the two reconstructed cases did not produce the
highest head accelerations or velocity changes, even though
the collisions were in the upper extreme in impact severity.

DISCUSSION

The present study involved specifically a large cohort of
athletes with relatively extended return to play after MTBI.
Data are presented on 72 cases involving 68 players in a 6-year
study. It must be emphasized that this represents only a small
percentage (8.1%) of all NFL MTBIs and an even smaller
percentage (2.1%) of the approximately 3200 players involved
in the NFL during the study years. However, this is a very
important group, which represents the most severely injured
of the NFL concussion cases.

Postconcussion Syndrome

Prolonged postconcussion syndrome has been reported in a
significant percentage of the general population of mild head
injury patients (30). The various symptoms that are part of the
postconcussion syndrome also persist in many of these patients.
There have been a number of previous studies in nonathletes on
the persistence of postconcussion symptoms for extended peri-
ods of time after mild head injury. Headaches have been re-
ported in between 36 and 71% of patients at 1 week, between 31
and 90% at 1 month, between 47 and 78% at 3 months, between
8 and 35% at 1 year, and in 24% of patients 4 years after head
injury (7, 14, 17, 19, 25, 34, 42–44). Dizziness is reported to occur
in 53% of patients in the first week and persists after 2 years in
18% of patients (7, 19, 25). Photophobia was reported in 7% of
patients 14 days after head injury (19, 22).

Psychological and somatic complaints such as personality
change, anxiety, irritability, and depression have been reported

TABLE 5. Action taken with players experiencing concussion by days out from the National Football Leaguea

Action taken
Days out

Total % <7 % 7� % 7� versus all
0 1 2 3 4 5 6 7�

Removed from play 137 55 95 37 14 4 18 52 412 44.2% 72.2% 12.6%
Rest and return 241 19 28 9 1 1 5 304 36.7% 6.9% 1.6%
Hospitalized 1 1 2 3 1 1 2 9 20 1.3% 12.5% 45.0%
Return immediately 111 5 8 3 2 1 5 135 16.0% 6.9% 3.7%
Unknown 7 5 2 1 1 16 1.8% 1.4% 6.3%
Total 497 85 135 53 18 6 21 72 887 815 72 8.1%

a �2 � 68.03, df � 3, P � 0.0001 for comparison of �7 versus 7� days out on action taken.
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in 51 to 84% of patients after 3 months and persist in 15 to 33%
at 1 year and 15% after 3 years (14, 19, 42–44). One study reported
persistent fatigue in 23% of patients 6 months after mild head
injury (19, 34). Disrupted sleep patterns have been found in 15%
of patients 6 weeks after injury (19, 44). Memory problems re-
portedly occur in 19% of patients at 1 month after head trauma,
59% at 3 months after injury, and 15% at 6 months after injury
(19, 34, 42, 44). Persistent cognitive impairments (impaired atten-
tion, slowed reaction times, and slowed processing speeds) have
been described in a significant percentage of patients 3 months
after MTBI (3, 15, 19, 24).

Another way to evaluate persistent postconcussion impair-
ments is by assessing ability to return to work after mild head
injury. There have been three prospective studies of time
interval to return to work after mild head injury (15, 19, 42).
All patients were hospitalized after their injury, so it is not
clear that these are truly representative of MTBI patients. One
study found that 57 to 100% had returned to work at 3 months.
A second study found that 20% had not returned to work at 2
months. The third study reported that 75% had not returned to

work at 1 month, 37% had not returned at 6 months, and 20%
had not returned to work at 1 year after the injury.

A review of these previous studies suggests that there are
clearly a significant minority of general population patients
with persistent postconcussion syndrome after “mild head
injury.” However, there is a great deal of variability in the
actual percentages reported. This most likely reflects the vari-
ability of inclusion criteria, definitions of mild head injury,
means of data collection, and extent of neurological, neuro-
psychological, and radiological investigations of the patients.

The results of the present NFL study are very different from
those of the previously cited studies. Postconcussion symptoms
and signs resolved much more quickly in NFL players than in
nonathletes. Furthermore, only a very small percentage of NFL
players missed 7� days, and even fewer were impaired for more
prolonged periods. After MTBI, a large percentage of NFL play-
ers recover fully within minutes to 1 hour. A smaller percentage
have persistent postconcussion symptoms for a period of hours
up to 2 days before becoming asymptomatic.

These athletes can be considered to be in the recovery phase
after MTBI with postconcussive symptoms but do not truly have
a postconcussion syndrome. These players return to practice
within a few days and play in the next week’s game. Only 8.1%
of the NFL players with concussions in this study had persistent
symptoms and/or signs for 3 to 5 days or longer after injury and
were out 7� days (they missed at least one game). This small
group can truly be seen as experiencing a postconcussion syn-
drome. The great majority of these players (80.5%) become
asymptomatic in 7 to 11 days and return to play before the
second game after injury (14 d after injury). Thus, almost all the
NFL players who experience postconcussion syndrome recover
in less than 2 weeks. Only a very small number (19.5% of the 7�
days out group) have symptoms persisting for longer than 2
weeks and thus miss more than two games.

This study defines four groups of NFL MTBI patients, classi-
fied by time course of recovery (Table 7). The immediate recovery
group represents 56.0% of the NFL concussions and becomes
asymptomatic within minutes to 1 hour after MTBI. They return

FIGURE 1. Median time to initial and follow-up examinations for players
with 7� days out based on 63 cases with at least a first follow-up exami-
nation (n � the number of patients with follow-up examinations).

TABLE 6. Management of players experiencing concussion by days out from the National Football Leaguea

Management
Days out

Total % <7 % 7� % 7� versus all
0 1 2 3 4 5 6 7�

Immobilization 1 1 1 1 1 5 0.5% 1.4% 20.0%
Therapeutic modality 3 2 3 1 2 11 1.1% 2.8% 18.2%
Prescription drug therapy 5 2 1 1 1 10 1.1% 1.4% 10.0%
Proprietary drug therapy 4 2 1 7 0.7% 1.4% 14.3%
Rest 449 78 121 52 15 5 19 64 803 90.7% 88.9% 8.0%
Medical procedures 5 1 1 2 9 0.9% 2.8% 22.2%
Unknown 31 3 6 1 1 42 5.0% 1.4% 2.4%
Total 497 85 135 53 18 6 21 72 887 815 72 8.1%

a P � not significant for comparison of �7 and 7� days out on management.
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to play on the day of the injury. The early recovery group is
35.9% of the cases and has postconcussive symptoms and signs
for between 1 hour and 2 days after injury before becoming
asymptomatic. These players return to play in �7 days. They do
not develop a postconcussion syndrome. The small number
(6.5%) of players who fall into the short-duration postconcussion
syndrome are symptomatic for 3 to 10 days before making a full
recovery and are kept out of play for more than 7 but fewer than
14 days (they miss only one game after injury). The extremely
small number (1.6%) of players who are symptomatic for more
than 10 days and thus miss two or more games after injury
constitute the prolonged postconcussion group.

There are multiple possible explanations for these differences
between MTBI recovery in nonathletes and NFL players. Patients
more than 40 years old reportedly have a worse prognosis after
MTBI than younger patients (15, 19–21, 42). Because virtually all
NFL players in this study are under 40 years old (most are in
their 20s), one would expect an overall quicker recovery in the
NFL players. The cited studies on nonathletes with concussion
involved patients with multiple causes of injury and variable
definitions of concussions. In contrast, the present study in-
volved MTBI patients with specific, definite inclusion criteria and
known football-related causes only. The nature of the MTBI
injuries may also have been different.

One of the other processes that may account for some of these
differences between NFL players and the general population might
be deemed to be a type of artificial selection. Most NFL players have
been involved with organized football since junior or senior high
school and on through college. It is well known that MTBIs occur at
all these levels of the sport. For whatever reasons, certain individu-
als undoubtedly are more prone to MTBI than others. Some indi-
viduals are more prone to delayed or poor recovery after MTBI.
These groups may overlap. It is likely that many of these individuals
will stop playing organized football before reaching the professional
level. They are “selected out” either of their own volition or because
their head injuries prevent them from continuing to participate in
the sport. As a result of this winnowing process, those players who
ultimately play in the NFL are probably less susceptible to MTBI
and prolonged postconcussion syndrome than the general
population.

Previous work from the present authors (38, 39) has docu-
mented that the accelerations and durations of impacts in NFL
head injuries are much different from those seen in automobile
accidents and other common causes of MTBIs in nonathletes. The

protective benefits of football helmets may also improve the
prognosis of MTBI in NFL players compared with the general
nonhelmeted population. The nature of the injured patients may
also play a significant role in improved prognosis. NFL players
are a highly conditioned, physically fit population accustomed to
playing with pain and highly motivated to return to play as soon
as possible. In these regards, they are much different from the
general population. In addition, NFL players receive a high level
of individualized medical care from the day they reach training
camp that is often not available to the general public. All of these
factors probably play a role in the differing clinical courses seen
in NFL versus nonathlete MTBI patients.

Previous studies on nonathletes have found that age is a sig-
nificant prognostic factor in MTBI patients (15, 19, 21, 42). The
evidence showed that patients more than 40 years old have an
increased risk of prolonged postconcussion symptoms and de-
layed return to work. The authors are unaware of any such data
in athletes. The results of this present study indicate that there is
no difference in median age between the groups with 7� days
out and those with �7 days out. This demonstrates that within
the age groups of 20 to 40 years, age differences are not associ-
ated with an alteration in prognosis after MTBI.

Very few data are available regarding persistent postconcus-
sion symptoms in athletes after MTBI. There are a number of
studies reporting the results of neuropsychological testing for 7
to 10 days after injury (8, 9–11, 16, 18, 26, 27, 29). These generally
indicate that the neuropsychological test performance falls off
from baseline immediately after MTBI but almost always returns
to baseline by 7 to 10 days after injury. A 4-year prospective
study of football players at one university also recorded subjec-
tive symptoms of 200 players after MTBI (40). Memory distur-
bances were reported by 34% of players at 1 day, 27% at 5 days,
and 8% at 10 days. Complaints of dizziness were reported by
similar percentages of the players at similar time intervals.

Another recent study of 196 concussions in collegiate football
players collected data from questionnaires filled out by team athletic
trainers (23). This study reported that 167 players had headaches at
the time of injury, 149 (89%) had headaches at 3 hours, 110 (65.9%)
had headaches 1 day after injury, 41 (24.5%) had headaches 5 days
after injury, and 23 (13.8%) had headaches at Day 7. It was also
reported that 12.2% of the players did not achieve full symptom
resolution within 1 week. The same group also reported on recovery
time after concussion in collegiate football players (32). The study
reported the results on the basis of symptom checklists, standard-

TABLE 7. National Football League concussion recovery groups by signs and symptoms and return to playa

Concussion recovery group Signs and symptoms Return to play % NFL MTBI

Immediate recovery �1 h On the day of injury 56.0%
Early recovery 1 h–2 d 1–6 d out 35.9%
Short-duration postconcussion syndrome 3–10 d 7–14 d out 6.5%
Prolonged postconcussion syndrome �10 d �14 d out 1.6%

a NFL, National Football League; MTBI, mild traumatic brain injury.
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ized concussion assessment scores, and results of standardized bal-
ance testing along with results of a neuropsychological test battery.
The study reported a pattern of more severe dysfunction in all
spheres immediately after injury, followed by a gradual improve-
ment over the next few days. Neuropsychological cognitive deficits
persisted up to Day 5 and usually resolved by Day 7. None of these
previous studies focused on the more severely injured of the MTBI
patients.

Game Video of Concussion Impacts

The present study found that players at certain positions
(quarterbacks, defensive backs, wide receivers, return team
players) have a higher incidence of delayed recovery com-
pared with other position players. Earlier studies from the
NFL MTBI Committee (36, 37) found that these same position
players were at increased risk of sustaining any concussion
and repeat concussions compared with players at other posi-
tions. Players at higher-risk positions are subjected to the
highest impact speeds and blindside hits, thus accounting for
the increased risk of sustaining concussion.

Running backs have a statistically lower (OR � 0.14) incidence
of 7� days out with concussion. There are several reasons why
they have a much lower rate of concussion causing 7� days out.
In part, their running stance helps them avoid very high-speed
collisions when they are unprepared, their peripheral vision
allows them to make lateral movements avoiding direct impacts,
and their experience allows them to get ready for impacts by
aligning their head, neck, and torso to present a greater effective
mass when a head impact collision occurs. The opposite is true
with blindside impacts of the quarterback and some collisions of
the secondary and during kickoffs and punts.

These cases and the game video of the 7� days out impacts
point to the possible need for special helmets for the most
vulnerable players and plays in the NFL and for testing the
performance of protection systems in up to 11.2-m/s (25.0-
mph) impacts. This is one way to address the risks of concus-
sion with prolonged recovery and the means to reduce con-
cussion risks in the most severe NFL collisions. High-speed
testing may lead to new innovations in helmet design.

Predictors of 7� Days Out

Some previous studies have indicated that loss of conscious-
ness is correlated with severity of MTBI, whereas other studies
have disagreed with this position (14, 24, 28, 33). The results of
this present study indicate that loss of consciousness is a risk
factor for missing 7� days after MTBI, although few players in
the 7� days out group experienced loss of consciousness for 1
minute or more. This is the threshold suggested by Cantu (5).
Loss of consciousness occurs across all severities of concussion in
the NFL, so it is not, per se, a specific hallmark of the most
severely injured. The results of this study nevertheless support
those who believe that loss of consciousness is a factor that is
related to grading the severity of concussion.

There are multiple other factors that are of prognostic sig-
nificance; loss of consciousness alone is certainly not the only

factor that determines prognosis. A number of researchers
have suggested that the presence and duration of posttrau-
matic amnesia is an even better predictor of prognosis after
MTBI than is loss of consciousness (6, 17, 19, 33, 34). The
present study found that the presence on initial evaluation of
retrograde amnesia, difficulties with immediate recall, and
memory problems in general were significantly correlated
with ultimate inclusion in the group of players who were out
7� days. This certainly lends support to the notion that am-
nesia after MTBI has prognostic significance.

The present results also indicate that disorientation to time and
general cognitive difficulties are also correlated with inclusion in
the study cohort. Thus, it may be more accurate to state that the
presence of disorientation, amnesia, or other cognitive problems
after MTBI is very predictive of a more delayed recovery. In fact,
one could generalize even further and state that it is the absolute
number of postconcussion signs and symptoms reported on the
initial evaluation that are as important as specific signs and
symptoms in assessing prognosis. The present data showed a
highly statistically significant difference between the number of
signs and symptoms seen in the study group and in the players
who were out �7 days. On initial evaluation, the players who
ultimately would end up in the 7� days out group had an
average of 4.64 signs and symptoms versus an average of 2.58
signs and symptoms in the players who would ultimately end up
in the �7 days out group. Players with more signs and symp-
toms presumably have more widespread central nervous system
dysfunction, which translates into a slower recovery.

The present study also indicates that hospitalizations after
injury and the removal from play after injury are statistically
associated with ultimately ending up in the group of players who
are out 7� days. A very revealing finding is that only 6.9% of
players who eventually were out for 7� days were allowed to
return to play on the day of the injury. This indicates that NFL
team physicians and athletic trainers are extremely effective in
screening out the most severely injured players on the sidelines
within a short period of time after injury. It is important to note
that team medical personnel were making these decisions on an
individual case-by-case basis without the imposition of any for-
mal management or evaluation guidelines. Team physicians
used their clinical judgment along with whatever ancillary test-
ing (neuropsychological testing, magnetic resonance imaging
scans, etc.) they deemed necessary to make these decisions. Many of
the NFL players included in this study had neuropsychological
testing, which will be reported later. Those results are consistent
with the clinically based findings presented in this article.

Players with repeat concussion were more likely to end up in the
study cohort than players with only a single concussion. Although
this could indicate a cumulative effect of previous injury, a previous
study (37) did not find evidence of such cumulative effects. It is
certainly possible that team physicians are more cautious in treating
patients with repeat injuries and are thus more likely to delay their
return to play. The results of this present study indicate that having
a concussion that results in 7� days out does not result in an
increased risk of sustaining a repeat injury after the player has
returned to play. Only 11 players who were out 7� days went on to
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sustain a repeat concussion. However, 4 of them were out 7� days
on the repeat concussion. Over the 6 years of this study, there were
152 players who sustained an MTBI, returned to play in �7 days,
and subsequently went on to sustain a repeat concussion at some
point. Of these players, 19 were out 7� days after the repeat con-
cussion. These data would argue against there being any long-term
predisposition to repeat MTBI in players who experience delayed
recovery after a first MTBI. However, there was one player who
sustained his fourth and fifth concussions in the 7� days out group.

Headaches were seen more frequently in the study cohort than in
other players. However, because headache is such a common symp-
tom in both groups of MTBI patients, its presence alone does not
have prognostic significance to the clinician. Photophobia was noted
in a statistically significantly increased percentage of players in the
study cohort. It is well known that photophobia is frequently seen in
migraine-type headaches. It is likely that the photophobia seen in
these study patients was part of a postconcussion migraine-type
syndrome. The results suggest that players with postconcussion
migraine-type syndromes are at increased risk of experiencing de-
layed return to play. This is not surprising, given the well-known
propensity of migraine headaches to be debilitating and disabling to
victims in the nonathlete general population.

Sleep disturbance is also statistically correlated with delayed re-
turn to play. However, the very small absolute number of players
who experience this symptom suggests a very cautious approach to
its prognostic use. Fatigue is another symptom prominently associ-
ated with delayed return to play. Although it is by nature a non-
specific, vague complaint, the listlessness, tiredness, and lack of
energy that are implied certainly represent a major challenge to
return to play in such a physical contact sport as professional foot-
ball. The data suggest that the presence of fatigue on initial evalua-
tion has prognostic significance that might be of value to treating
physicians. It is interesting to note that fatigue was more commonly
noted on the first follow-up evaluation the day after injury than it
was on the initial evaluation. It should be noted that dizziness was
also seen frequently in players in the study cohort. However, it
is also seen frequently in players who return to play in �7 days and
therefore has no prognostic significance.

Follow-up Examinations

Analysis of the evaluation of signs and symptoms over time
reveals some interesting results. Especially notable is the in-
creased frequency of memory and cognitive impairments at
first follow-up (usually the day after the injury) compared
with the initial evaluation, usually on the day of the injury.
This may suggest that the MTBI sets off intracranial processes
that result in worsening cognitive functioning over the first 24
to 48 hours after injury. It is also of interest to note that these
clinical cognitive and memory impairments almost always
resolve over the next few days, suggesting that the intracranial
processes are self-limited and short-lived. These results also
confirm the clinical impression of team physicians and athletic
trainers that persistence of headaches is the most common
reason for extended delays in return to play.

There are multiple factors that help determine return-to-play
decisions in this group of athletes. Most of the players who will
ultimately miss 7� days are identified as having significant
MTBI shortly after the traumatic event. They have multiple
symptoms and signs at initial evaluation, especially signs of
cognitive and memory impairments. As a result, they are very
rarely allowed to return to the game on the day of injury. When
seen in the first follow-up evaluation the next day, most of these
players still have multiple symptoms and signs, with even more
frequent memory impairments and complaints of fatigue. Head-
aches and photophobia are often prominent as well. Over the
next few days, the signs and symptoms generally improve to a
point at which headaches alone are the most common isolated
residual symptom. Almost all the players are asymptomatic by 5
to 6 days after the injury.

Why, then, are the players in this group kept out of play for 7
or more days? First, they have missed practice all week long, and
most teams will not allow players who miss so many practices to
participate in a game. Second, most team physicians adopt a
cautious approach and want these players to practice for a few
days without a reemergence of symptoms before being allowed
to play in a game situation. Third, some of these players may
have had abnormalities on neuropsychological testing (not part
of the database for this article but certainly part of the database
available to the team physicians as part of their decision-making
process) that may suggest a delay in return to play.

Players with persistent signs and symptoms are not allowed
to return to play until they become asymptomatic. It seems
that of all the signs and symptoms, persistent headaches are
the most common reason for a delayed return to play. How-
ever, players who have had newly apparent cognitive and
memory impairments and/or fatigue at first follow-up visit
also account for a large number of the players in the study
cohort, even though these signs and symptoms resolve within
the next few days. Worsening of symptoms and signs over the
first day suggests that the affected players had sustained an
MTBI on the more severe end of the spectrum.

General Discussion

The results of the present analysis stand in contrast to those
presented in an earlier study of concussions in college football
players (23). The present study shows a statistically significant in-
crease in the absolute number of signs and symptoms as well as in
the frequency of many specific signs and symptoms, such as pho-
tophobia, fatigue, disorientation to time, anterograde amnesia, and
cognitive and memory impairments on initial evaluation in patients
who ultimately will miss 7� days of play. The study of college
players reported that those with a “moderate to severe concussion”
had a lower frequency of all these symptoms compared with the
overall group of players with MTBI (23). There are a number of
plausible explanations for these different results. The two studies
used different means of collecting data. The college study collected
data on the symptoms from a standardized symptom checklist filled
out by the athletic trainer on the basis of the athletes’ self-rated
reports on the presence and severity of 17 symptoms.
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In contrast, the present NFL study collected data through
physician reports of their history and physical examination
findings on the athletes. Furthermore, the two studies differed
in the definition of moderate to severe concussion. The college
study classified players into this category by grading them
using criteria in one of the standardized grading scales. In
contrast, this present NFL study used the criteria of being held
out of play for 7� days (a functional impairment) for inclusion
in the study group. The inadequacies of using standardized
scales to grade concussion severity are illustrated by the in-
ability to correlate patients’ clinical picture (at least their signs
and symptoms) with their group classification. Conversely,
the strength of using a functional approach to classifying
concussion is confirmed by the strong correlation with the
clinical picture seen in this present study.

The data presented in this article allow for the development of
profiles of two groups of concussed NFL patients. The first group is
the small minority of players who ultimately do not return to play
for 7� days after injury. Members of this group are more likely to be
quarterbacks, defensive backs, wide receivers, and special teams
return players injured in high-speed, high-acceleration collisions
often occurring during passing plays or kick returns. They are more
likely to experience loss of consciousness as a result of the head
injury. The significance of their injuries is usually quickly recognized
on the field and sidelines by team physicians and athletic trainers,
who therefore only rarely allow them to return to play on the day of
the injury. They are more likely to be hospitalized on the day of the
injury. At the time of initial evaluation, these players complain of
and exhibit a multitude of postconcussion signs and symptoms and
have a significantly increased number of signs and symptoms com-
pared with the other group. They are likely to complain of migraine-
type headaches with photophobia, fatigue, and perhaps sleep dis-
turbance. On initial examination, they are very likely to be
disoriented to time and to have retrograde amnesia, difficulties with
immediate recall, and overall difficulties with cognition and general
memory.

It must be emphasized that the cognitive and memory impair-
ments were noted on clinical mental status testing and that the
results of this study do not include results of neuropsychological
evaluations. The day after the injury, these players are more
likely to exhibit fatigue and overall memory disturbances. There
is no evidence, however, that when they do return to play, these
players are at increased risk of sustaining another MTBI. The �7
days out group includes the large majority of NFL players who
return to play in less than 1 week after MTBI. These players are
more likely to be running backs than players at other positions,
and, if not running backs, more likely to be linemen or lineback-
ers. Their injuries are more likely to occur on running plays with
presumably lower-speed and -acceleration impacts. They are less
likely to sustain loss of consciousness as a result of the injury.
They are much more likely to be cleared by medical personnel to
return to play on the same day of the injury. They are less likely
to be hospitalized on the day of the injury. On initial evaluation,
they exhibit a significantly lower total number of signs and
symptoms than their counterparts. Although they also fre-
quently complain of headaches, the headaches are more often

nonmigrainous in nature, without associated photophobia. These
players are much less likely to experience fatigue and sleep
disturbance. On examination, they are much less likely to exhibit
disorientation, difficulties with memory, or cognitive impair-
ments. The above information should be of great value to clini-
cians who treat athletes after MTBI. By focusing on the factors
that distinguish between these two groups, physicians may be
able to make an accurate prognostic evaluation soon after MTBI.

Key symptoms and signs that team physicians should be aware
of include fatigue, photophobia, disorientation to time, and retro-
grade amnesia. The presence of any one of these symptoms and
signs increases the risk of prolonged removal from play. Loss of
consciousness for 1 minute or more adds some additional predictive
power, but it occurred only rarely in the NFL and infrequently
(9.7%) in players out 7� days. However, the slight increase in
sensitivity with it was offset by a decrease in specificity.

There are different ways to interpret these findings. Players
who miss 7� days may do so because their MTBI was on the
more severe end of the spectrum of concussion. The recovery is
delayed because they sustained a more severe brain injury. The
statistically significantly increased absolute number of symptoms
and signs and the increased frequency of many specific postcon-
cussion symptoms and signs certainly support this position. The
fact that team medical personnel were able to quickly determine
that these players should not return to play on the day of the
injury again points to the increased severity of the injury. The
finding that certain player positions are predisposed to miss 7�
days and that these players’ positions are those most susceptible
to the highest-velocity acceleration impacts also supports the
view that these players sustained more severe MTBIs than their
counterparts. The data showing the time course for resolution of
symptoms also indicate that these players had symptoms for at
least 3 to 5 days after injury, which suggests that they could not
be allowed to return to play until at least 6 to 7 days.

However, some of the data are also consistent with a different
viewpoint, namely, that team physicians took an overly conserva-
tive and cautious approach to players who they thought were more
severely injured and thus were kept out longer even though some of
the players might have been able to return to play sooner. The data
on time course of resolution of symptoms argue somewhat against
this position. It is likely that there are elements of both of these
viewpoints at work in trying to correctly interpret the data from this
study and apply them to management of MTBIs.

In addition to the recorded signs and symptoms from the
database, physicians on the MTBI Committee have a consistent
impression of players who will experience a lengthy recovery.
These impressions appear on the first or second day after con-
cussion. Players who develop prolonged postconcussion syn-
drome often complain of “feeling hung over” and/or of trying to
“look out past a fog.” These feelings often linger after their other
complaints have abated. In other cases, the player reports a
feeling of fatigue, blurred vision, or dizziness, and the treating
physician notes a change in personality. Players often complain
of migraine-type symptoms, including pounding, throbbing
headaches with nausea and photophobia. These feelings are
common and tend to persist in players eventually out 7� days. In
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other cases, the player complains of “just not feeling right,” not
feeling ready to work out or even practice with a no-contact shirt
on and “feeling queasy.” In some cases, conditioning exercises
increase the player’s symptoms.

Concussion Evaluation and Management Guidelines

The results of this present study and previous studies from the
MTBI Committee (36, 37) prompted the authors to critically
analyze the widely promoted guidelines for the evaluation and
management of concussion in sport. It must be emphasized that
this critique arises from data obtained exclusively from profes-
sional football. This 6-year study indicates that no NFL player
experienced the second-impact syndrome or cumulative chronic
encephalopathy from repeat concussions. While the study did
not follow players who left the NFL, the experience of the au-
thors is that no NFL player has experienced these injuries. This
finding may lead to future research aimed at challenging two of
the expressed rationales for developing management guidelines
to prevent the second-impact syndrome and cumulative chronic
brain injury from repeat concussions.

The most widely used guidelines propose that concussion sever-
ity be graded by use of a limited number of criteria, such as presence
or absence of loss of consciousness and posttraumatic amnesia at the
time of injury, presence or absence of confusion and other postcon-
cussion symptoms, and presence or absence of mental status
changes very soon after injury (1, 9, 11, 12, 31, 40). The guidelines
then make clinical management recommendations on the basis of
the grade of concussion diagnosed by these criteria. The proponents
of these guidelines clearly believe that the grade of concussion
severity is linked to prognosis after MTBI. They also assume that
delaying return to play for a prolonged time interval after injury can
somehow prevent or alter poor outcomes, repeat injury, or cata-
strophic brain injury.

The results of this NFL study confirm that loss of consciousness
and posttraumatic confusion and/or cognitive or memory impair-
ments are predictors of longer recovery after MTBI than a few days.
However, the data also reveal that there are other prognostic factors
of equal importance that are not included in the grading systems.
These include photophobia, fatigue, and increased absolute num-
bers of signs and symptoms. Furthermore, the grading systems do
not consider factors such as the position played by the injured
athlete and the type of play during which the injury occurred, both
of which have been demonstrated in this study to have prognostic
value. This NFL study also found that the presence of signs and
symptoms such as fatigue, sleep disturbance, irritability, and/or
cognitive or memory impairments on examination the day after
injury also has significant prognostic usefulness; yet, none of the
grading systems incorporate any results from examinations other
than on the day of injury. Although the grading systems use some
important prognostic findings, they are limited in their scope and
fail to incorporate a number of other factors that have been demon-
strated to be predictors of delayed recovery.

The present study also suggests that grading concussions im-
mediately after injury is prone to error. A number of players with
signs and symptoms suggesting a poor prognosis in fact recov-

ered very quickly and returned to play on the day of or within a
few days of injury. Conversely, there were two players with
minimal signs or symptoms suggesting good prognosis who
ultimately were kept out of play for 7� days after MTBI. None of
the prognostic factors or combination of factors uncovered by
this present analysis was 100% accurate in predicting delayed
recovery. The presence of any of the five signs or symptoms (loss
of consciousness for 1 min or more, fatigue, photophobia, not
oriented to time, or retrograde amnesia) correctly identified 72%
of the players with delayed recovery. However, it also identified
216 players who did not have a delayed recovery. Using these
signs and symptoms as a prognostic tool would mean that only
19% of those identified would actually have delayed recovery.
The authors believe that, if one insists on grading concussion
severity, the best way is retrospectively, on the basis of how long
it actually takes the player to become asymptomatic, with a
normal neurological examination.

It follows from this analysis that the current attempts to link
prospective concussion grading symptoms to arbitrary rigid man-
agement decisions are not consistent with the scientific data. For
example, current guidelines indicate that all players who sustain
loss of consciousness should be removed from play for at least 7
days. The present data show that although loss of consciousness is
one factor related to prognosis, it is certainly not the only factor, and
most players have an early return to play with loss of consciousness.
Photophobia, fatigue, sleep disturbance, and cognitive and/or
memory impairments and/or disorientation have also been shown
to be predictors of delayed recovery. There were many players in
this NFL study who sustained an MTBI with loss of consciousness
and subsequently returned to play on the day of the injury or within
1 to 2 days after injury without any cases of adverse outcome.
Current guidelines also indicate that players who sustain three
MTBIs in a single season should be removed from play for the
remainder of that season. There were only two players who expe-
rienced three concussions in the same season, so this aspect of the
guidelines cannot be addressed with the NFL data.

The authors of the guidelines must believe that there is some
increased risk associated with three MTBIs in one season that
requires removal from play for the remainder of the season.
Certainly, it is reasonable for physicians to take a cautious ap-
proach to such clinical situations, but there are no data from any
of the NFL studies indicating that there is any difference between
a second MTBI and a third, or between three MTBIs in one
season and three MTBIs occurring over a few seasons. Thus,
there are no data to support that guideline recommendation.

One of the prominent guidelines (1) states that players who
have symptoms and/or signs for more than 15 minutes after
MTBI should be removed from further play that day and not be
allowed to return until at least the next game (7 d later in NFL
football). The 15-minute threshold guideline is inconsistent with
the results of the NFL study. Many players (35.9% of all NFL
MTBIs, Table 7) who were symptomatic shortly after injury made
full recoveries within 24 to 48 hours and returned to full practice
when they had recovered without incident. The guideline rec-
ommendation is therefore inconsistent with the natural history of
MTBI in the NFL. The presence of multiple postconcussion
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symptoms and/or mental status changes and/or specific symp-
toms such as fatigue and photophobia at the time of initial
evaluation is linked to delayed return to play not because of the
imposition of arbitrary restrictions but rather because the athletes
who exhibit these signs and symptoms are more likely to have
persistent symptoms and signs for 3 to 5 days after injury.

It is apparent that the guidelines have strengths and weak-
nesses. Although their aim is to assist the treating physician in
making clinical management decisions on concussed athletes, the
rationale for their development seems not to be based on suffi-
cient scientific evidence about patient recovery and outcome. The
grading criteria and their linkage to management recommenda-
tions are not consistent with the current NFL data. The guide-
lines focus on some findings that are not clinically relevant and
ignore other factors that are. Most physicians would agree that
players should not return to play until they are asymptomatic,
with normal neurological and mental status examinations. There
is no evidence from the NFL data that keeping players out of
play for longer arbitrarily determined time periods results in any
improved outcomes. The only way to determine when injured
players are asymptomatic with normal clinical findings is for
physicians to do what they are trained to do: to take histories and
examine their patients as part of regular follow-up visits after
injury. One cannot make these determinations by relying solely
on rigid and possibly inappropriate guidelines for professional
football players. The currently available guidelines therefore
should not be used in the evaluation and management of MTBI
in professional football until a thorough refinement is made to
bring consistency with the NFL data. It is the recommendation of
the authors and the MTBI Committee that team physicians con-
tinue to manage their players on an individual case-by-case basis,
using their best clinical judgment based on the most relevant,
objective medical data obtained from this and other studies.

Limitations

These limitations follow those described in Pellman et al. (37).
The MTBI Committee did not collect retrospective data on previous
concussion history as part of the study. Some of the players may
have had previous concussions either in the NFL in the years before
the study began or during their playing careers in high school,
college, or other levels of football. It is also possible that some of the
players sustained cerebral concussions at earlier times in their lives
in nonfootball athletic or nonathletic endeavors. Previous concus-
sion history may affect our conclusions regarding repeat concus-
sions because a certain number of the concussions that we labeled as
initial concussions may in fact have been repeat concussions for
some players.

The authors also realize that some MTBIs were not reported by
the affected player to team medical personnel and therefore were
not included in this database. Such unreported injuries most
likely were very mild in nature and associated with rapid recov-
ery to escape detection by very involved NFL athletic trainers
and physicians. There was also difficulty collecting data on loss
of consciousness. The initial data collection sheet did not ask for
data regarding loss of consciousness. Once this was corrected, we

found that many of the reports that were submitted did not
answer the question in the loss-of-consciousness part of the form;
therefore, we do not have definitive loss-of-consciousness data
on a certain number of players. What has been reported are the
cases with a known time of unconsciousness and those cases
reporting a zero or no loss of consciousness.

It is also important to note that in a multisite study such as
this, there are numerous different examiners. In some cases,
different examiners from a given medical staff may evaluate
that team’s players. There was no uniform method of evalu-
ation of concussion in this study, which will give rise to
variability in assessments among the 30 teams and, on occa-
sion, within the same team. It must be emphasized that play-
ers were not cleared to return to play until they were asymp-
tomatic, with normal medical examinations, and able to return
to full, unrestricted participation in a team practice or game.
There were some players who returned with headaches.

Many of the players in the database had neuropsychological
testing at baseline and/or after MTBI. The results of the neu-
ropsychological test batteries are not in this database and
therefore not part of this study. It is possible that including the
results of the neuropsychological testing on the players will
provide more information on the injury and recovery.

There are a number of possible explanations for the absence of
second-impact syndrome in NFL players. Most obvious is the
small sample size versus the expected incidence rate. The inci-
dence of second-impact syndrome in high school and college
football is 1 to 2 in 1,500,000 players. Thus, one would need 375
to 750 years to expect to see a case of second-impact syndrome,
assuming 2000 players involved per year.

Although the medical condition of the player is certainly the
most important factor in determining return to play by team
physicians, many other factors go into the decision of when the
player should return to play. The importance of the player to the
team; the importance of the upcoming game to the team; and
pressure from owners, players and their families, coaches,
agents, and media certainly may influence the final decision of
when the player returns to play. The authors believe, however,
that the medical factors regarding the patient’s recovery are and
should be the overriding facts that guide the team physicians’
decision-making on return to play. Furthermore, our results ap-
ply to NFL-level players, and extrapolation to younger athletes
has not been demonstrated. It is clear that differences may exist
between MTBI in high school and professional athletes.
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COMMENTS

In Part 5 of the National Football League (NFL) Committee on
Mild Traumatic Brain Injury (MTBI) study, the authors have

studied those players with greater injury and extended recovery
times lasting 7 days or more after the traumatic event. They
analyzed 72 concussions that represented 8.1% of athletes injured
in the NFL during the years 1996 to 2001. The data were collected
by team physicians who completed evaluation forms on the
injured players. Several interesting aspects emerged from the
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study. First, it affirms the widespread observation by previous
researchers that those players injured are usually involved with
high-speed collisions, such as defensive secondary, kicking unit,
quarterbacks, and wide receivers. These players had more signs
and symptoms compared with players who missed less playing
time, including the symptoms of headaches, dizziness, fatigue,
photophobia, and amnesia. Between the initial and subsequent
examinations, they found trends indicating diminishment in
symptoms with the exception of persistent memory disturbance,
fatigue, irritability, and insomnia. In their series, only one-fifth of
this prolonged-injury group required removal from participation
for more than 2 weeks. They thought that their players experi-
encing a lengthy recovery were often discerned early after their
brain injury with feelings of being “hung over,” also with fatigue,
blurred vision, dizziness, or a change in personality noted.

Although the above findings are noteworthy and of interest to
all those participating in the care of contact or collision athletes,
several aspects bear discussion. First, as the authors acknowl-
edge, this represents a group of highly conditioned, motivated,
financially incentivized, and skilled athletes. At this level of play,
they have most likely already undergone an intensive selection
process for various characteristics, some of them germane to the
phenomenon of MTBI. This study does not use any ancillary
testing, whether it be routine neuroradiological studies, neuro-
psychological testing, balance testing, or formal neurological
evaluation. In addition, no studies of cerebral metabolism were
performed. Numerous researchers have previously demon-
strated that the reporting of symptoms and the clinical signs on
physical examination may not be reliable indicators of ongoing
cerebral metabolic function. Capturing the true incidence of
MTBI has always been and continues to be difficult in football
players. A recent study of professional athletes in the Canadian
Football League has shown that 45% sustained a concussion
during a single season, whereas only one of five (19%) realized
that cerebral injury had occurred (1). There is also evidence that
MTBI is more common in football than previously estimated,
with the incidence in high school athletes being reported to be as
high as 47% annually (3, 4). Another study in active professional
football players showed that those older players who possessed
the APOE4 allele had poorer performance on cognitive assess-
ment than players who did not have this allele or who were
younger with any genotype (2). Thus, MTBI is a complex clinical
issue in contact athletes that is still incompletely understood.

The authors state that their data refute two of the expressed
rationales for development of guidelines, that is, to prevent the
second-impact syndrome and to avoid cumulative brain injury from
repeat concussions. The former would not be expected in this age
group and in a relatively small number of exposures, and the latter
could not be assessed without long-term studies, including after
retirement. They go on to criticize currently accepted concussion
management guidelines that use only a limited number of criteria as
opposed to their series with findings of multiple symptoms in
concussed players with prolonged loss of playing time.

However, the conventional guidelines have been promoted in
great part for usefulness and brevity in the recognition and diagno-
sis of an athlete with MTBI. Certainly, no clinician would base the

ultimate management solely on an initial examination and not con-
sider subsequent clinical data relevant. Although the playing posi-
tion of the injured athlete is of interest, those regularly treating
patients with MTBIs do not consider the human brain to react,
recover, and have a propensity for cumulative effects on the basis of
playing position per se. Current management guidelines have
been developed on the basis of the largest number of exposed
athletes, developed primarily for the amateur or scholar contact
athlete, and therefore a more conservative position and manage-
ment scheme has always been known to be better for recovery of
cerebral function. If there is any doubt, most authorities and neuro-
logical specialists have not felt a great rush to return a player several
days earlier to exposure to repetitive brain impacts. The authors
state that they cannot make clinical return-to-play decisions by
using rigid and possibly inappropriate guidelines in NFL players,
and current clinical guidelines should not be used in the evaluation
and management of MTBI in professional football. We eagerly await
results and publications of findings in their players, including long-
term outcomes, for further elucidation concerning proper head-
injury management.

Julian E. Bailes
Morgantown, West Virginia
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This is the fifth article emanating from the NFL Committee on
MTBI, which analyzed 887 concussions occurring during a

6-year period from 1996 to 2001 in practice and games in NFL
athletes. The purpose of this study is to compare and analyze
concussions in 68 players who did not return to play for 7� days
after an MTBI.

The wealth of data is analyzed and subsequently extrapo-
lated to management guidelines in the NFL. It is no surprise
that quarterbacks, defensive backs, and wide receivers have
the highest incidence of 7� days out. Similarly, most concus-
sions occur among the defensive secondary, the kick units,
and then the quarterback, which appears to be the most sus-
ceptible position for MTBI. The greatest incidence of concus-
sions occurred during passing plays. The most significant
symptoms include headache, dizziness, problems with imme-
diate recall, and retrograde amnesia. Headaches are the pri-
mary symptom resulting in delay of return greater than 7
days. The authors emphasize that fatigue, photophobia, dis-
orientation to time, and retrograde amnesia are the most fre-
quent symptoms and signs of a delayed nature.

Unfortunately, neuropsychological test data were not used
in this analysis, but the results confirm what previously has
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been documented by such tests: the great majority of athletes
with MTBI quickly recover from their symptoms. In fact, in
this study, athletes out for 7� days included only 8% of all
MTBIs in the NFL. Furthermore, 80% of these athletes re-
turned to play within 14 days, so only 1.6% of concussions
resulted in a prolonged postconcussion syndrome.

Significant negative findings include the absence of any
identifiable cases of second-impact syndrome and also the
failure, in this study, to document cumulative brain damage
from multiple concussions. To further substantiate this latter
observation, I believe neuropsychological test data would
need to be included in future prospective studies.

Most pertinent is the authors’ discussion of existing man-
agement guidelines for MTBI. These have been promulgated
primarily to avoid repeat and/or cumulative chronic brain
damage from reinjury. Arbitrary criteria including loss of
consciousness, mental status changes, and various symptoms
associated with postconcussion syndrome are used. It is now
generally appreciated that loss of consciousness, previously
thought to be the most significant prognosticating factor of
subsequent brain injury, may have minimal long-term conse-
quences, and yet a seemingly minor head injury with associ-
ated photophobia, fatigue, and amnesia can lead to a pro-
longed postconcussion syndrome. The authors make four
points that support neuropsychological testing as the standard
of care to replace the guidelines presently being used: 1) none
of the grading systems incorporate any results from examina-
tions other than on the day of injury; 2) the present study
suggests that grading concussions immediately after injury is
prone to error; 3) current attempts to link prospective concus-
sion grading systems to arbitrary rigid management decisions
are not consistent with the scientific data; and 4) the manage-
ment guidelines are too simplistic and too rigid for the NFL.
Serial neuropsychological testing is the only way, presently, to
immediately and longitudinally document the symptoms of
postconcussion syndrome, avoid grading concussions imme-
diately after injury, provide objective scientific data for man-
agement decisions, and avoid the simplicity and rigidity of
current guidelines. Indeed, the authors state that, “the cur-
rently available guidelines therefore should not be used in the
evaluation and management of MTBI in professional football
. . . .” For this reason, the majority of NFL teams have evolved
to using neuropsychological test batteries as the primary in-
strument for making return-to-play decisions. The authors
have presented a superb prospective study, which brings new
information concerning MTBI in athletics.

Joseph C. Maroon
Pittsburgh, Pennsylvania

With all contact sports, especially American football, we now
are recognizing MTBI as a serious phenomenon with poten-

tial long-term side effects to our athletes. The study by Pellman et al.
demonstrates the significance of these consequences to athletes who
sustain an MTBI. The purpose of this study and its goals are well
stated. The data collected are excellent and need to be published.

The authors’ points could be made with less peripheral text, but
otherwise it is extremely valuable information. Dr. Pellman, and the
NFL MTBI Committee collectively, are to be commended for
the work they have done and continue to do. From these data, we
can establish guidelines for returning our athletes safely after they
have sustained an MTBI. It is imperative that this type of research
continue, for it directly affects how we can provide better care for
our athletes.

Michael A. Colello
Head Athletic Trainer
Cleveland Browns
Cleveland, Ohio

Concussion management in sports is a hot topic right now.
The National Athletic Trainers Association will release a

position statement on concussion management in the summer
of 2005. At the recent PAC 10 Student Athlete Health Confer-
ence, the topic of computerized neuropsychological testing
was discussed. All 10 schools plan to use Immediate Post-
concussion Assessment and Cognitive Testing (ImPACT) or
Automated Neuropsychological Assessment Metrics (ANAM)
to assess baseline and evaluate postconcussion under their
protocol in the upcoming football season.

I appreciate that Neurosurgery has provided a forum to
evaluate and debate the series of NFL concussion articles. In
Part 5, Pellman et al. investigate and differentiate the con-
cussed athletes who were held out of participation for more
than 7 days versus those who returned in less than 7 days.
Although this particular study design was limited to NFL
players in a 6-year period, there were interesting findings with
regard to the most vulnerable positions, types of plays in
football, correlating symptoms, and how these concussions
were managed. The authors challenge concussion grading
scales and management recommendations.

In my experience at the University of Southern California,
we have a team approach to evaluation and management of
concussion. We use the Standard Assessment of Concussion
(SAC), the Balance Error Scoring System (BESS), the Post
Concussion Symptom Scale (PCSS), and ANAM for both base-
line and postconcussion evaluation. After injury, a sideline
evaluation is performed. Depending on the signs and symp-
toms and any change of direction in which the signs and
symptoms are heading, emergency medical services may be
used or an athlete may be admitted to the hospital for obser-
vation. Team physicians may order diagnostic studies to fur-
ther assess injury. Concussion grading scales and manage-
ment recommendations are merely reference guidelines.
Before we clear an athlete to return to play, even after he
becomes asymptomatic, we consider his physical stature and
style of play and discuss the importance of honesty in report-
ing symptoms. The “bottom line” is that, after all of the
baseline testing, sideline evaluation, postconcussion evalua-
tions, results from diagnostic studies, opinions from other
team physicians, staff athletic trainers, and coaches, and ref-
erences to acceptable medical guidelines are accounted for, the
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final decision rests with the clinical judgment of our team
neurosurgeon.

Russ Romano
Director of Sports Medicine, Head Athletic Trainer
University of Southern California
Los Angeles, California

As I commented in Part 4 of this series of articles, I believe
that the NFL’s MTBI Committee’s original articles on

impact biomechanics and concussive injuries made significant
contributions to the literature on sport concussion. However,
I have some of the same concerns with the current article as I
had with Part 4. The current study (Part 5) on “Concussion in
Professional Football: Injuries Involving 7 or More Days Out”
is flawed with respect to the study design and the interpreta-
tion of the findings. Although the authors outline the study’s
limitations, they unfortunately make conclusions that are very
suspect given the potential impact of the limitations on the
findings.

The authors’ choice of “days lost” to categorize concussed
players, rather than symptom duration and symptom severity,
complicates the interpretation of the findings. This is espe-
cially problematic since the authors state in Part 4 that “play-
ers were not cleared to return to play until they were asymp-
tomatic, with normal medical examinations, although some
players may return with headaches,” and again, in Part 5, that
“NFL team physicians clear a player for return to play only
after he becomes asymptomatic (with the exception of a mild
headache) and has a normal neurological examination.” Send-
ing the message that it is acceptable to return players while
still symptomatic with a headache—regardless of whether or
not the clinician thinks the headache is related to the concus-
sion—is the wrong message to send. The authors’ findings do
not necessarily support their conclusions that “they [con-
cussed NFL players] recovered from symptoms and had a
consistent return to play in the NFL.”

The authors go on to state essentially that concussion grad-
ing scales and return-to-play guidelines are not useful to the
NFL team physician and that they should “not make these
determinations by relying solely on rigid and possibly inap-
propriate guidelines for professional football players.” I defi-
nitely agree with the authors’ opinion that more variables
should be considered than loss of consciousness and amnesia
and that each athlete should be evaluated and managed on an
individual basis. But I disagree with their accompanying opin-
ion that there is no difference between a first, second, and

third concussion. This is where the concussion grading scales
become even more valuable.

First, there are sufficient data in the literature to support the
notion that athletes with repeat injuries respond differently
than those with initial injuries and that previous concussive
injuries likely predispose players to future injuries (2–5). In-
terestingly, the authors of the current study did not even
factor concussion history (before the study period) into their
analyses. Secondly, within-season repeat concussions have
been found to occur 75% of the time within 7 days of the first
injury (3). These findings would seem to lend some credence
to the proposed concussion guidelines that recommend a
7-day asymptomatic waiting period after an initial concussion.

Most people would agree that concussions should be man-
aged on an individual basis. However, to suggest that the
proposed concussion grading scales—especially those, such as
the revised Cantu guidelines (1), that consider symptom du-
ration—should be ignored is again sending the wrong mes-
sage. The professional football players in the present study are
not very different from the players studied at the collegiate
level. Is this not where they came from? Hopefully, future
NFL studies based on more comprehensive clinical evalua-
tions of symptom duration and neuropsychological function
will provide team physicians and athletic trainers with better
guidance for making return-to-play decisions. These studies
should consider both the acute and chronic effects of recurrent
concussion in NFL players.

Kevin M. Guskiewicz
Director, Sports Medicine Research Laboratory
University of North Carolina
Chapel Hill, North Carolina
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