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Single Isolated Concussion 
Part I: Definitions, 
Classification, and Prognosis
Providing sound advice after a single isolated concussion. 

By Gerald S. Steiman, MD

When accompanying a patient for evaluation 
of recent minor head trauma, family mem-
bers often express concerns about the risk 
of permanent sequelae. Physicians need to 
understand diagnostic criteria, clinical manifes-
tations, treatment, and prognosis of mild trau-

matic brain injury (mTBI), also known as concussion, including 
the relationship among concussions, postconcussion syn-
drome, and TBI-related neurocognitive disorder. This review 
presents data from well-designed, controlled studies to assist 
the treating physician in meeting the needs of these patients.

Here in part I, the definitions and classifications of mTBI 
are reviewed, and data on prognosis for a patient with a 
single isolated concussion are presented. Diagnosis and 
treatment n will be covered in part II, in the next issue of 
Practical Neurology in May, 2018.

Classifications and Definitions
According to the National Institute of Neurological 

Diseases and Stroke, “Traumatic brain injury, a form of 
acquired brain injury, occurs when a sudden trauma causes 
damage to the brain.”1 A closed head injury is a type of TBI 
in which the skull and dura mater remain intact. 
 
Classification Systems

Classification systems are important for comparing study 
results and conclusions. These systems, as well as other 
screening tools, have been used for diagnostic purposes, 
although none have been validated as diagnostic to date. 
As screening tools, these and other questionnaires help 
predict the likelihood of mTBI. Screening tools may guide 
bystanders in when to seek clinical care and may also assist 
the clinician in diagnosis, which will be addressed in part 

II of this article. Here, classifications are discussed to aid in 
understanding the published literature regarding prognosis 
of a single isolated concussion. 

There are 2 systems for classifying TBI: the Glasgow 
Coma Scale (GCS)2 score and the Mayo Clinic classifica-
tion3 (Tables 1 and 2). The GCS was designed for “assess-
ing the depth and duration of impaired consciousness 
and coma” so emergency services personnel could quickly 
inform emergency physicians of the seriousness of a 
patient’s presentation by describing his or her level of con-
sciousness. The GCS was never intended or validated as a 
diagnostic tool. It is based on the sum of an individual’s 
best motor, verbal, and eye-opening responses. The Mayo 
Clinic classification categorizes TBI as moderate to severe 
(definite), mild (probable), or symptomatic (possible) 
based on acute injury characteristics, including changes in 
consciousness, amnesia, the GCS, subjective complaints, 
and imaging studies. It is important to note that mTBI 
defined by the GCS is not mTBI according to the Mayo 
Clinic classification. Specifically, an mTBI, defined by the 
GCS score methodology, refers to an individual with a GCS 
score of 13 to 15 within 30 minutes of the event (regard-
less of whether the patient was transiently unconscious 
or amnestic). According to the Mayo Clinic classification, 
mTBI refers to an individual who demonstrated a loss of 
consciousness (LOC) lasting less than minutes and/or amnesia 
lasting less than 2 to 4 hours (regardless of GCS score).

The Role of Imaging in Classification of  
Traumatic Brain Injury 

Multiple studies4-6 have documented abnormal findings 
on imaging from patients diagnosed with mTBI. CT findings 
may be present in 3% to 21% of patients with a clinically 
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diagnosed mTBI and MRI findings may be present in 10% to 
57%. A reasonable criticism of the GCS classification is that 
it does not include any imaging findings or other evidence 
of intracranial injury. For example, a patient with subarach-
noid, subdural, or intraventricular bleeding, which is clearly 
a severe injury, would be classified as having an mTBI on the 
GCS scale if they did not lose consciousness, exhibit amnesia, 
or have a GCS of 13 to 15 within 30 minutes of the injury. 
This is significant because the recovery profile and prognosis 
for a patient with a contusion or intracranial bleed differs 
significantly from that of a patient with a GCS score of 13 to 
15 and no findings from imaging studies.

The terms uncomplicated and complicated have been 
proposed.7 A complicated mTBI is associated with imaging 
evidence of a depressed skull fracture and/or a space-occu-
pying intracranial finding (contusion, hemorrhage, or hema-
toma).7-9 This subclassification is practical, not academic, 
as patients with complicated mTBIs have worse outcomes 
compared to those with uncomplicated mTBIs.10,11

Definitions
Although there are numerous concussion definitions and 

consensus statements,12-20 the Congress of Neurological 
Surgeons definition that a “concussion is a clinical syndrome 
characterized by the immediate and transient posttraumatic 
impairment of neural function”12 has been the most widely 

accepted. The American Academy of Neurology (AAN) 
defines a concussion as “a clinical syndrome of biomechani-
cally induced alteration of brain function, typically affecting 
memory and orientation, which may involve LOC.”13 The 
American Medical Association proposes “a clinical syn-
drome characterized by the immediate and transient post-
traumatic impairment of neural function such as alteration 
of consciousness, disturbance of vision or equilibrium due to 
brainstem involvement.14 

Regardless of the specific definition used, the consensus 
diagnostic criteria of a concussion include the following: 

1. Any immediate alteration in LOC (defined as altered wake-
fulness and/or confusion) or LOC lasting <30 minutes

2. Posttraumatic amnesia lasting from minutes to a few 
hours but < 24 hours

3. Normal structural imaging studies (CT scan or MRI)
4. A nonfocal neurological examination.
Amnesia following a concussion may be anterograde or 

retrograde. Typically, the amnesia shrinks over time, even-
tually lasting no more than a few seconds. The length of 
anterograde amnesia is thought to be an accurate guide to 
the severity of the head trauma.

TABLE 2. MAYO CLINIC CLASSIFICATION OF 
TRAUMATIC BRAIN INJURY

Classification Criteria

Moderate-severe 
(definite):

Death

Loss of consciousness > 30 minutes

Antegrade amnesia > 24 hours

GCS score < 13 in the initial 24 hours

Intracerebral, subdural, epidural, or sub-
arachnoid hemorrhages; cerebral or hem-
orrhagic contusion, penetrating TBI (dura 
penetrated), or brainstem injury

Mild (probable): Loss of consciousness—momentarily to 
< 30 minutes,

Post-traumatic anterograde amnesia—
momentarily to < 2 - 4 hours

Depressed basilar or linear skull fracture 
(dura intact).

Symptomatic 
(possible):

None of the “moderate-severe” or “mild” 
criteria apply

One or more of the following are present: 
blurred vision, confusion (mental status 
changes), dizziness, headache, nausea or 
focal neurological symptoms

TABLE 1. GLASGOW COMA SCALE

Parameter Response Score

Best eye-opening 
response

Spontaneously 4

To verbal request 3

To pain 2

No response 1

Best verbal 
response

Oriented and conversational 5

Disoriented and conversational 4

Inappropriate words 3

Incomprehensible sounds 2

No response 1

Best motor 
response

Obeys request 6

Appropriate withdrawal 5

Flexion: withdraw 4

Flexion: decorticate 3

Extension 2

No response 1

NOTE: The score is the sum of the best response in each of the 3 requests. A 
score of 3 to 8 indicates severely depressed consciousness; 9 to 12, moderately 
depressed consciousness; and 13 to 14, mildly depressed consciousness.
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Consciousness and Concussion
As per the consensus criteria, LOC is not required for diag-

nosis of concussion and may be present in as little as 8.9% of 
patients with concussion.21 However, diagnosis of a concussion 
does require at least an alteration in consciousness, making it 
important to understand the term. The origin of the modern 
concept of consciousness is often attributed to John Locke’s 
Essay Concerning Human Understanding,22 published in 1690. In 
1890, Dr. William James23 described consciousness as “the state 
of awareness of self and environment.” Dr. James noted that to 
be aware, one must be awake. An individual may be awake but 
not aware (ie, persistent vegetative state) but cannot be aware 
without being awake. Hence, consciousness requires wakeful-
ness and awareness. The President’s Commission for the Study 
of Ethical Problems in Medicine and Biomedical and Behavioral 
Research defines unconsciousness as “the inability to experience 
the environment.”24

Wakefulness. Descriptions of altered wakefulness reflect a 
spectrum ranging from fully awake to comatose (Table 3) and 
are not as useful as the GCS score to document a patient’s 
depth of altered consciousness.25

Awareness. An individual’s cognizance of self and environ-
ment is the most widely accepted definition of awareness 
and can be clinically evaluated via the Mini-Mental Status 
Examination, which assesses orientation, attention span, mem-
ory, and language.26 Awareness of environment is assessed via 
the external senses (ie, the ability to see, hear, smell, taste, and 
touch). The state of altered awareness is referred to as confusion. 
Awareness requires a functional and intact cerebrum.

After a traumatic event, patients may report they were 
dazed or stunned; this typically represents the time it took 
for the patient to realize what was happening versus confu-
sion related to altered awareness. “Seeing stars” or stating 
that “everything went black” indicates an alteration in blood 
pressure or heart rate. In both cases, the patient must have 
been aware to have these perceptions; thus, neither are indi-
cators of confusion or altered awareness.

Concussion Symptom Complex
The subjective complaints following a concussion are 

typically classified into 3 categories: somatic, cognitive, and 

behavioral. In a meta-analysis of 600 patients with con-
cussion, McCrea reported the most common immediate 
complaints were headache (80%-90%); dizziness (70%-80%); 
slowed mentation, mental fog, or poor concentration  
(60%-70%); memory problems, fatigue, and sensitivity to 
light and noise (50%-60%). The same meta-analysis showed 
that the most common symptoms remained the same at 3 
and 7 days, but only 10% to 40% of patients had symptoms 
at 3 days; at 7 days fewer than 20% of patients had any 
symptoms.27 These symptoms are also present in numerous 
concussion study control groups and in patients with neu-
rologic and psychiatric conditions (Table 4),28-41 making it 
easy to understand why the AAN concluded, “the diagnosis 
of a concussion should not be made based on the presence 
or absence of somatic, behavioral, or cognitive complaints 
at some arbitrary point in time.”13 Another consensus state-
ment notes, “. . .these symptoms and signs also happen to be 
nonspecific to concussion, so their presence simply prompts 
the inclusion of concussion in a differential diagnosis for 
further evaluation, but the symptoms are not diagnostic of 
concussion.”19 The presence of symptoms no more estab-
lishes the diagnosis of concussion than the absence of symp-
toms excludes the diagnosis.

TABLE 3.  ALTERED WAKEFULNESS  
DEFINED BY DESCRIPTOR

Descriptor Characteristics

Awake Attends to the environment; responds appro-
priately to verbal instruction or gesture

Lethargic Oriented when awake but will sleep if left alo 
ne; requires verbal or gentle touch stimulation 
to initiate a response

Obtundation Requires repeated moderate stimulation to 
maintain attention; responds slowly and goes 
back to sleep

Stupor Can be aroused by vigorous stimuli; decreased 
reaction to external stimuli

Coma Cannot be aroused, no response to external 
stimuli, no voluntary movements

TABLE 4. PREVALENCE OF CONCUSSION SYMPTOMS

Symptom Group Headache Dizziness Irritability/
Nervousness

Memory 
Problems

Concentration
Problems

College students 36% 18% 36% 17% 42%

Chronic pain 80% 67% 39% 33% 63%

Depression 37% 20% 52% 25% 54%

Non-TBI injured 77% 41% 63% 46% 71%

Concussion (day 1) 30%-40% 10%-20% 10%-20% 10%-20% 10%-20%
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Natural History of Concussion Recovery
Several large prospective controlled studies have analyzed 

the natural history and recovery profile of a single isolated 
concussion using standardized concussion symptom check-
lists, baseline measurement, and follow-up neuropsychologi-
cal tests.42-59 The recovery profile of patients with a single 
concussion has been compared to matched controls (Table 
5). Subjects were primarily high school and college students, 
professional athletes, and members of the armed forces. 
Together, these studies show that recovery from a single iso-
lated concussion begins as early as 48 hours after injury, and 
full recovery occurs for most patients within 1 to 5 weeks. 
None of these studies showed significant differences between 
patients with concussion and normal controls 12 weeks after 
the concussive injuries occurred. In 1 study, there were no 
significant differences between patients with concussion and 
the control group as long as 1 year after injury. 

In the most detailed and largest concussion study to date, 
McCrea45 completed a meta-analysis of 3 large, multicenter, 
controlled, prospective studies that together included 
16,624 individuals, 658 of whom had a concussion as defined 
by the AAN. Each patient with concussion was thoroughly 
evaluated with a symptom checklist, a balance test, the stan-
dardized assessment of concussion survey, and a neuropsy-
chological test battery (Table 6). More than 85% of patients 

with concussion had a complete recovery in 7 days, and 
more than 97% recovered within 30 days. At 90 days, there 
were no statistical differences between the scores of those 
with concussion and the control group. The meta-analysis 
demonstrated that the highest incidence and prevalence of 
concussion symptoms were present within minutes of the 
event and that measurable improvement occurred within 
hours. There was a predictable pattern of improvement over 
time without subsequent deterioration or later develop-
ment of new or different complaints. 

Overall, numerous randomized, controlled, prospective 
studies with baseline (prior to the concussion) symptom 
checklists, balance studies, and neuropsychological testing 
have provided convincing evidence that recovery from the 
cognitive, behavioral, and somatic complaints following a 
concussion occurs within the third month postinjury.

Patients and caregivers may underestimate how often 
symptoms such as headache, fatigue, and forgetful-
ness occur prior to mild head trauma and be prone to 
attribute those same symptoms to the recent trauma. 
The AAN guidelines recommend cognitive restructuring 
consisting of reassurance and education to help patients 
properly understand their symptoms, citing evidence that 
such treatment reduced the incidence of postconcussion 
syndrome.13 

TABLE 5. THE NATURAL HISTORY OF RECOVERY FOLLOWING A CONCUSSION

Author No. of 
Patients

Conclusions

Gentillini 50 No statistically significant difference in neuropsychological test results 1-month post event

Leven 57 Somatic, behavioral, and cognitive complaints recovered within 3 months

Heugenholz 22 No difference in “simple reaction time test” scores within 14-17 days, nor in “easy or complex reac-
tion time” test scores by 90 days

Butler 86 No evidence of neuropsychological dysfunction at follow-up (average, 201 days)

Maddocks 10 Subjective complaints resolve in under 5 days but the cognitive complaints last longer than 5 days

Macciochi 183 Neuropsychological complaints cleared within 10 days. Subjective complaints nearly cleared by 10 
days and completely cleared by 12 weeks

Hinton-Bayre 22 All neuropsychological scores returned to baseline, and all subjective complaints cleared by 5th week

Collins 16 Neuropsychological test differences cleared by 5th day

Echemendia 29 No difference in complaints after 48 hr, no difference in neuropsychological test scores after 1 month.

Delaney 361 99% recovered within one month

McCrea 91 Neurocognitive effects resolved within 48 hours

McCrea 94 Symptom checklists and neuropsychiatric findings resolved within 3 months

McCrea 658 85% recovered within 1 week, all recovered within 3 months

Berlanger 790 Full-scale recovery at 7-10 days

Berlanger 1,463 Full neuropsychological recovery within 3 months

Frencham 634 Neuropsychological recovery in the initial 3 months
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Summary
TBIs occur when trauma causes damage to the brain. 

The 2 most commonly used grading systems are the GCS 
and the Mayo Clinic classification. Concussions represent 
a TBI characterized by a loss or alteration in LOC, a period 
of amnesia, a nonfocal neurologic examination, and nor-
mal structural imaging studies of the brain. Consciousness 
requires an individual to be awake and aware. Altered 
awareness is evidenced by confusion. Following a concus-
sion, patients often present with various somatic, behavioral, 
and cognitive complaints; however, such complaints are 
often encountered in normal populations as well as individ-
uals with psychological diagnoses, chronic pain syndromes, 
and non-head-injury. 

Based on numerous large, controlled, prospective studies, 
the natural recovery from a concussion is approximately 3 
months. When an individual sustains a single isolated con-
cussion, whether at home, in the athletic arena, at the job 
site, or because of a motor vehicle accident, a physician can 
confidently advise the patient, spouse, family, attorney, or 
any other interested party that the somatic, behavioral, and 
cognitive complaints will resolve. n
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TABLE 6. THE TYPICAL RECOVERY FOR A SINGLE,  
ISOLATED CONCUSSION

Recovery course Average

< 1 day 21.1%

> 1 but < 7 days 64.3%

> 7 but < 30 days 11.9%

> 30 days 2.7%


