
Is a diagnosis of ‘‘mild traumatic brain injury’’ a category mistake?
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BACKGROUND: Efforts to produce definitions and diagnostic standards for mild traumatic brain injury (TBI) have a long and complex history. The
diagnosis of TBI must be considered in the larger context of neuropsychiatric diagnosis. A major reconceptualization of diagnosis is
now underway in which the classical syndrome conceptualization is being discarded. We address the question, what are the implications
of this revision of thinking in the specific context of TBI?

METHODS: A recent literature on logical structures for neuropsychiatric disorders was reviewed. The symptom pattern of TBI was identified, and
a literature survey determined the frequency of these symptom patterns in other disorders and in healthy control populations.

RESULTS: The frequency of symptom endorsement in populations without a history of TBI can be equal to endorsement frequencies in populations
with a history of mild TBI. In some studies, the frequency of symptom endorsement in healthy controls having no history of head injury
actually exceeded the endorsement rates in a comparison group with a history mild TBI.

CONCLUSION: The heterogeneity of this clinical population and their clinical presentations, the absence of a unitary etiology of postinjury deficits,
and the complex idiosyncratic time course of the appearance of these deficits argue against the valid implementation of the classical
model of diagnosis. In addition, the accepted criteria of diagnostic utility are not satisfied. TBI is not a disease; it is an event. More
precisely, TBI is an event or a sequence of events that can, in some instances, lead to a diagnosable neurological or psychiatric disorder.
(J Trauma Acute Care Surg. 2012;73: S13YS23. Copyright * 2012 by Lippincott Williams & Wilkins)
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A rguably, the diagnosis of traumatic brain injury (TBI), and
in particular mild TBI (MTBI), is an example of what

Ryle1 would have called a category mistake. A category mis-
take occurs when a property is associated to an object that
cannot meaningfully possess that property or when a process
is implemented in a context where it cannot be meaning-
fully implemented. For example, the statement ‘‘all asteroids
are philosophers’’ is a category mistake. Similarly, a classi-
fication of asteroids according to philosophical school is a
category mistake.

Diagnosis is a process that can be meaningfully associ-
ated with a disease. ATBI is not a disease. It is an event. More
precisely, TBI is an event or a sequence of events that can, in
some instances, lead to a diagnosable neurological or psychi-
atric disorder. Although acute and chronic neurological and
psychological deficits that follow brain injury can be as-
sessed, the diagnosis of TBI as a discrete clinical entity is not
a logical possibility. An analogy can be made with a myo-
cardial infarction (MI). An MI is not a disease; atheroscle-
rosis is the disease, and an MI is the acute event related to
the disease and may result in a host of complications or
resulting disabilities.

PATIENTS AND METHODS

The analysis presented here is constructed on a review of
the recent literature on neuropsychiatric diagnosis. The as-
sessment of MTBI and postconcussion syndrome (PCS) is
significantly complicated by marked population heterogeneity,
different pathophysiological processes that can be initiated by
different injury events, and lack of pathognomonic signs and
symptoms. Rather, MTBI is characterized and defined by a
whole host of nonspecific symptoms that are commonly ob-
served in a wide variety of other disorders. In addition, post-
concussion symptoms may not be present in the immediate
postinjury period. Delayed-onset disorders that can follow TBI
include major depressive disorder, posttraumatic stress disor-
der (PTSD), and anxiety disorders. Although the probability of
progression to severe neuropsychiatric disorders after MTBI
may be low, by definition the diagnosis of severe psychiatric
disorders requires the presence of symptoms for a specified
minimum period. They cannot therefore be diagnosed imme-
diately after injury. However, is a diagnosis of, for example,
PTSDmeaningful? There is a deeper issue to be considered that
extends beyond the immediate context of TBI to a larger
consideration of neuropsychiatric diagnosis. A major revision
in our conceptualization of diagnosis is now underway. As
summarized by Smith and Oltmanns,2 the ‘‘classical syndrome
conceptualization is being discarded for a description along
dimensions of function.’’ Similarly, Persons3 argued for the
study of ‘‘psychological phenomena rather than psychiatric
diagnoses.’’ The driving motivation for this reconceptualiza-
tion has been presented with clarity by Kupfer et al,4 ‘‘the goal
of validating these syndromes and discovering common eti-
ologies has remained elusive.’’ Despite many proposed can-
didates, not one laboratory marker has been found to be
specific in identifying any of the syndromes defined in the
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Diagnostic and Statistical Manual of Mental Disorders (DSM).
Epidemiologic and clinical studies have shown extremely
high rates of comorbidities among the disorders, undermining
the hypothesis that the syndromes represent distinct etiolo-
gies.’’ Kupfer is chair and Regier is vice-chair of the DSM-V
Task Force.

What can be said about the psychological validity of the
syndrome conceptualization in neuropsychiatry and specifi-
cally to TBI? Smith et al5 have provided the following generic
summary (italics in the original): ‘‘Empirical data have been
quite consistent with the possibility that terms that are routinely
used in clinical inquiry, from neuroticism and extraversion
to depression and posttraumatic stress disorder, do not in
fact represent meaningful cohesive psychological constructs.’’
These authors emphasize the critical importance of identifying
homogeneous constructs in the characterization of psycho-
logical disorders. Hierarchical organizations of such con-
structs, they argue, might be useful descriptively, but these
‘‘higher order composites do not refer to definable psycho-
logical processes.’’ Although Smith et al5 are writing specifi-
cally about psychopathology, their arguments generalize to a
composite structure, such as TBI, that is associated with a
profoundly heterogeneous patient population and nonspecific
diagnostic criteria.

Historically, a diagnosis of TBI and a severity classifi-
cation of injury have been based on a physical examination
and patient report. The development of criteria for diagnosis
has a long and contentious history. When considering diag-
nostic and assessment criteria, a distinction must be made
between the severity classification at the time of injury, the
itemization of current postconcussion symptoms, and the se-
verity classification of current postconcussion symptoms.
Among the most commonly used classifications of severity at
injury are those of Arlinghaus et al,6 Greenwald et al,7 and Rao
and Lyketsos.8 Cantu9 summarized eight grading systems, and
Anderson et al10 reported that there are at least 41 guidelines
for grading mild head injury. In addition, the Mayo Classifi-
cation of Mild Traumatic Brain Injury11 was published after
the Anderson et al10 review. Several instruments for the item-
ization of current postconcussion symptoms are available,
including the Rivermead Post-concussion Symptom Ques-
tionnaire,12 the Postconcussion Syndrome Checklist,13 the
Postconcussion Checklist,14 and the Postconcussion Symptom
Scale Revised.15 Severity classification scales for current post-
concussion symptoms can be constructed by assigning cut
points (minimal, mild, moderate, and severe) based on the
aggregate scores of current symptom scales. This has been
performed, for example, using the Rivermead aggregate scores
by Potter et al.16

The complication of nonspecificity of symptoms (elab-
orated in the next paragraph) reduces the accuracy of these
instruments. Donnelly et al17 investigated the Veterans Trau-
matic Brain Injury Screening Tool, a structured diagnostic
interview for TBI. They found that ‘‘the presence of significant
PTSD symptoms, however, reduces the accuracy of the mea-
sure.’’ Studies have investigated the validity of TBI instruments
where the internal validity was assessed by the Rasch model,18

and the external consistency was assessed by comparison with
another instrument.19 It should be stressed, however, that an

assessment of construct validity does not ensure the test-retest
reliability that is essential for clinical use. The limited test-
retest reliability testing has been performed, and the results
obtained are not encouraging. Acting in response to a specific
recommendation from the US Government Accountability Of-
fice,20 Van Dyke et al21 measured the test-retest reliability of
the Traumatic Brain Injury Screening Instrument22 and found
‘‘poor test-retest reliability of the screening tool with regard to
type of event, injuries sustained and resulting sequelae.’’

The validity of a diagnosis based on a physical ex-
amination and patient report requires using a standardized
screening instrument that uses diagnostic criteria specific to
the disease being diagnosed. Is this criterion met in the case
of TBI? Arguably not. The nonspecificity of diagnostic criteria
for TBI can be established by examining the International
Statistical Classification of Diseases, 10th Revision (ICD-10)
diagnostic criteria for PCS23 and the DSM-IV research criteria
for postconcussion disorder.24 Boake et al25 studied 178 adults
with mild to moderate TBI. Although the concordance of
DSM-IV and ICD-10 symptom criteria was high (J = 0.78,
indicating ‘‘substantial’’ agreement26), the concordance of
diagnosis was low (J = 0.13). In a subsequent study, Boake
et al27 applied ICD-10 and DSM-IV diagnostic criteria to the
previously examined group of patients with mild to moderate
TBI and 104 adults with extracranial injury. They found that
64% of the population with a history of TBI and 40% of the
extracranial injury population met ICD-10 criteria for PCS. In
addition, 11% of the TBI group and 7% of the patients with
extracranial trauma met DSM-IV criteria for postconcussion
disorder, emphasizing both the low diagnostic concordance
and their nonspecificity.

RESULTS

The frequency of common postconcussion symptoms in
populations without a history of TBI is summarized in Table 1
(modified from McCrea28). Table 1 indicates that the frequency
of symptom endorsement in populations without a history of
TBI can be equal to endorsement frequencies in the population
with a history of MTBI. Indeed, in some studies, the frequency
of symptom endorsement in healthy controls without a history
of head injury exceeded the endorsement rates in a compari-
son group with a history of MTBI. The population showing the
highest frequency of TBI symptoms was composed of personal
injury claimants who did not have a history of TBI.

An examination of the details provided in the studies
summarized in Table 1 further argues against the validity of
MTBI as a diagnostic entity. Trahan et al29 examined 496
participants with no history of head injury or depression, 56
neurologically normal individuals with both a history of de-
pression and a current Beck Depression Inventory score greater
than 20, and 40 participants who had experienced a mild brain
injury. Individuals scoring positive for alcohol abuse or the use
of recreational drugs were excluded from the study. The per-
centages in Table 1 are the percentages of subjects reporting
symptoms twice a week or more. The postconcussion index
scores or the MTBI group were higher than those observed in
the control group, but notably, the depressed participants, who
did not have a history of head injury, exhibited substantially
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higher endorsement of postconcussion symptoms compared
with the MTBI group.

Dunn et al30 included 113 subjects with no history of
head trauma or toxic exposure, 68 participants with a history of
head trauma or toxic exposure, and 156 personal injury clai-
mants with no history of toxic exposure or head trauma who
received a psychological examination for emotional distress.
As shown in Table 1, personal injury claimants report neu-
rological symptoms with a higher frequency compared with
patients in the head trauma/toxic exposure group. In addition
to comparing healthy controls and self-reports of patients
with severe TBI, Gouvier et al31 also asked a close relative of
the patients to report participant symptoms (self-reports are
shown in Table 1). The symptom frequencies reported by rel-
atives were consistently higher than self-report frequencies for
both uninjured controls and participants with TBI. The control
population studied by Wong et al32 was composed of 88 uni-
versity undergraduates in an introductory psychology class. On
reviewing their results, they concluded that ‘‘this suggests that
some ‘classic’ symptoms of head injury have very high base
rates at least among certain segments of the normal popula-
tion.’’ In the study of Lees-Haley and Brown,33 comparison
data were collected from 50 outpatients recruited from a family
practice clinic. The controls presented symptoms commonly
seen in a family practice: sore throat, respiratory complaints,
flu, hypertension, fatigue, and headache. Because this com-
parison population was recruited form a medical practice, it
might be supposed that the incidence of headache endorsement
would be greater than that seen in the general population.
Endorsement rates for other symptoms were, however, also
similar to those seen in populations with a history of TBI.

Ingebrigtsen et al34 studied 100 patients with MTBI with
normal findings on CAT scans 3 months after injury at the time
of the study. No association was found between the Rivermead

Post-concussion Symptom Scale and the severity of injury,
duration of amnesia, cause of injury, sex, or age. Radanov
et al35 examined 51 patients who had experienced comparable
injury mechanisms (at least hyperextension of the neck due to
impact trauma), leading to soft tissue injury of the cervical
spine. No neurological symptoms were found, and none of the
participants in this study had a previous injury or disease of
the central nervous system (CNS). Eighty-eight percent of the
participants were injured in traffic accidents and 5.9% in sports
activities. Although not identified as patients with TBI in this
report, it is recognized that TBI is probably a confounding
variable. In a related study, Sawchyn et al36 studied 326 un-
dergraduates who were recruited from a university population.
Twenty-four percent of the sample reported a head injury
resulting in a loss of consciousness. Results from the groups
with and without TBI were not reported separately. They state,
however, that there was no effect of head injury on the en-
dorsement frequency of any of the postconcussion symptoms.

The incidence of postconcussion symptoms in popula-
tions with and without a history of TBI has also been assessed
by Dean et al.37 In this study, the presence of MTBI was de-
termined using the ICD-10 criteria. Participants had to report
one or more loss of consciousness for 30 minutes or less and
dizziness, confusion, or posttraumatic amnesia for less than
25 hours. PCS was established by ICD-10 criteria. Symptom
endorsement was determined by administering the Rivermead
Post-concussion Symptom Questionnaire. In the case of par-
ticipants with MTBI, PCS was diagnosed if three or more of the
symptom categories in the ICD-10 criteria were more severe
after head injury. PCS was assessed in the population without
a history of TBI using a modified version of the Rivermead
Post-concussion Symptom Questionnaire.38 The standard ver-
sion of the Rivermead questionnaire begins with ‘‘Compared
with before the accidentI’’ In the revision, this is replaced

TABLE 1. Frequency of Postconcussion Symptoms in MTBI and Comparison Populations

Study Population Headache, % Dizziness, % Irritability, % Memory Problems, % Concentration Problems, %

Trahan et al29 MTBI 19 7 21 25 30

Ingebrigtsen et al34 MTBI 42 26 28 36 25

Gouvier et al13 Moderate/Severe TBI Not reported Not reported 29 38 29

Hawley et al39 Mild-severe pediatric TBI 15.6Y27.7 2.9Y6.4 18.2Y36.2 9.4Y23.2 14.1Y29.2

Dunn et al30 Head trauma or toxic exposure 57 28 31 21 34

Radanov et al35 Soft tissue injury cervical spine 80 67 49 33 63

Trahan et al29 Clinically depressed 37 20 52 25 54

Chakraborty et al42 Clinically depressed 24 8 Not reported Not reported Not reported

Dunn et al30 PI claimants Non-TBI 77 41 63 46 71

Lees-Haley and
Brown33

General medicine controls 62 26 38 20 26

Trahan et al29 Healthy controls 13 4 9 12 18

Dunn et al30 Healthy controls 50 21 27 12 21

Gouvier et al13 Healthy controls Not reported Not reported 31 20 6

Wong et al32 Healthy controls 43 33 Not reported 47 Not reported

Bardel et al43 General population women
964 years old

35.4 16.8 30.5 Not reported Not reported

Hawley et al39 Pediatric controls 4.4 0 2.2 2.2 2.2

Zolog et al40 School-based adolescent controls 10.2 4.8 Not reported Not reported Not reported

Vila et al41 School-based adolescent controls 13 12 Not reported Not reported Not reported
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with ‘‘Compared with your peersI.’’ Thus, a within-person
comparison is changed to a between-person comparison. The
authors report that the equivalence of the two versions of the
Rivermead questionnaire was assessed with a multidimen-
sional scaling analysis of the two instruments. No significant
differences in latent structure were observed. Using this pro-
cedure, it was found that 34% of the control participants met
the ICD-10 diagnostic criteria for PCS. Using the conventional
Rivermead questionnaire, 31% of the participants with MTBI
met the PCS diagnostic criteria. Dean et al39 concluded that
‘‘persistent PCS, as currently defined, is not specific to MTBI.’’
Similar patterns of symptom endorsement have also been ob-
served in pediatric populations,39Y41 in depressed patients,42

and in the general population.43

Because TBI and PTSD have symptoms in common, the
diagnosis of TBI may be particularly complex in cases where
PTSD may also be present.44,45 Indeed, there has been con-
siderable debate about the possible existence of TBI/PTSD
comorbidity in the case of patients with TBI who experienced
retrograde or anterograde amnesia.46 Studies indicate that in-
dividuals with PTSD can be misdiagnosed with TBI,47 and
conversely, individuals with TBI can be misdiagnosed with
PTSD.48 In part, this diagnostic uncertainty results from the
sensitivity of PTSD diagnosis to the diagnostic procedure. The
use of questionnaires results in a high incidence of positive
PTSD diagnosis, whereas comprehensive clinical interviews
result in a low incidence.49 The results of Harvey et al49 were
confirmed by Sumter and McMillan.50,51 In a population of
patients with severe TBI, questionnaires indicate that 59%
had PTSD, whereas a structured clinical interview had a 2.9%
(one patient) incidence.

The continuing disappointment with questionnaire/
interview diagnostic instruments for TBI has encouraged the
search for imaging technologies and for physiological mea-
sures of postinjury pathology. Although it is not the purpose of
this contribution to present a systematic review of this research,
several encouraging recent results warrant brief consideration.

Most patients with MTBI have normal findings on
computed tomography (CT) and structural MRI scans.52,53 In
contrast, diffusion tensor imaging (DTI) studies have identified
abnormalities in this patient population. Fractional anisotropy
is the most frequently reported measure in diffusion tensor
imaging studies. This number varies from zero (free diffusion in
a sphere) to one, indicating maximal anisotropic diffusion.
Elevated or reduced fractional anisotropy values are associated
with different white matter abnormalities.54 In a study that
included patients with MTBI as well as patients who are mod-
erately and severely injured, Kraus et al55 found decreased
fractional anisotropy in the corticospinal tract, sagittal stratum,
and superior longitudinal fasciculus of the MTBI participants.
All severities of TBI resulted in quantifiable axonal damage.
Irreversible myelin damage was only seen after moderate or
severe injury. Importantly, these investigators found that white
matter load (an index of global white matter damage) was
correlated with cognitive deficits as assessed by neuropsy-
chological testing. Wilde et al53 conducted a diffusion tensor
imaging study of the corpus callosum of adolescents who had
sustained an MTBI (Glasgow Coma Scale score of 15 and a
negative finding on CT scan). Increased fractional anisotropy

and decreased apparent diffusion coefficient were observed in
the population with a history of MTBI. The magnitude of a
patient’s departure from the anisotropy scores obtained from
matched controls correlated with the severity of postconcus-
sion symptoms scored using the Rivermead Post-concussion
Symptom Questionnaire. A diffusion tensor imaging study
published by Mayer et al56 is particularly valuable in being a
longitudinal study. The clinical imaging and neuropsycho-
logical assessments of theMTBI group were negative, although
the patients did report postinjury deficits. Clinical participants
were initially assessed within 21 days of injury (mean, 12 days
after injury). When compared with controls, the patients showed
a greater fractional anisotropy resulting from reduced radial
diffusion. A partial normalization of the DTI was observed
longitudinally (3Y5 months). In aggregate, the emerging evi-
dence suggests that diffusion tensor imaging may become an
important technology for quantifying postinjury CNS damage.

The investigation of physiological markers includes stud-
ies of biomarkers, quantitative electroencephalogram (qEEG),
evoked potentials, event-related potentials (ERPs), and eye
tracking. Biomarkers are defined here as measureable changes
in an organism that can be measured at the level of cellu-
lar chemistry. The development of new technologies for the
identification of biomarkers is accelerating.57Y61 The utility
of these marker in the assessment of MTBI requires further
investigation.

Can a quantitative analysis of free-running EEGs (qEEG)
reliably diagnose MTBI? This is an unfortunately controversial
question. The earlier literature was reviewed by Gaetz and
Bernstein62 and byWallace et al,63 who recommended caution.
In a foundational study conducted between 1983 and 1989,
Thatcher et al64 examined 608 patients with MTBI and 108
age-matched controls. They reported diagnostic sensitivity
based on a quantitative analysis of EEG signals of 96.6% and
specificity of 89.1%. In a follow-up study, Thatcher et al65 used
qEEG metrics to construct an EEG-based Severity Index of
Traumatic Brain Injury to discriminate between mild and se-
vere TBI. The classification accuracy was 96.3% with a sen-
sitivity of 95.5% and a specificity of 97%. The Thatcher et al
results have not received universal acceptance. Nuwer66 con-
cluded, ‘‘On the basis of the current clinical literature, opinions
of most experts, and proposed rationales for their use, qEEG
remains investigational for clinical use in PCS, mild or mod-
erate head injury, learning disability, attention disorders, schizo-
phrenia, depression, alcoholism and drug abuseI.’’ He further
stated, ‘‘Because of the very substantial risk of erroneous
interpretations, it is unacceptable for EEG brain mapping or
other qEEG techniques to be used clinically by those who are
not physicians highly skilled in clinical EEG interpretation.’’
These views were rebutted by Thatcher et al67 and Hoffmann
et al.68 Court action followed the 1997 Nuwer paper (County
Court at Law No. 1. Travis County Texas. Cause No. 227,
520). The outcome of this action was reported by Thatcher
and Biver.69 In a subsequent evaluation, Nuwer et al70 con-
cluded that ‘‘overall, the disadvantages of qEEG panels and
diagnostic discriminants presently outweigh the advantages
of these studies for the diagnosis of MTBI.’’ A great deal
has happened since the court action, and a reassessment is
clearly warranted.
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Naunheim and Casner71 have reported a case history in
which a quantitative evaluation of the EEG indicated an ab-
normality in a patient who presented an epidural hematoma
after a TBI. In the immediate postinjury period, the findings
on the patient’s neurological examination was normal, with a
Glasgow Coma Scale score of 15. An epidural hematoma was
identified in the CT scan. A qEEG examination was then
performed with a handheld portable device that measures
potentials at five frontal sites (BrainScope, Bethesda, Md). The
qEEG assessment indicated the presence of a brain abnormality
with a probability of 99%. The portability of the equipment
suggests that qEEG evaluations may be particularly valuable in
TBI assessments in circumstances where a CT scan is not
immediately available. In a subsequent study using the same
device, Naunheim et al72 assessed 153 patients admitted to a
tertiary hospital with headaches or altered mental status. A
clinician, blinded with respect to the qEEG assessment, re-
viewed the patients’ history, the physical examination results,
and the results of imaging studies. On the basis of this evi-
dence, the clinician predicted if the qEEG evaluation would
assign the patient to the normal or abnormal group. The device
replicated this assignment with a sensitivity of 96% and a
specificity of 87%. Using the BrainScope system, Naunheim
et al73 collected data from 105 emergency department patients
with head injury (53 positive and 52 negative CT scan findings)
and from 50 emergency department controls. Using an anal-
ysis of the eyes closed resting EEG, a discriminant score
representing the probability of belonging to the TBI-CT scan-
positive group was constructed. The discriminant scores for
the TBI-CT scan-positive group, TBI-CT scan-negative group,
and controls were 80.4, 38.9, and 24.5, respectively; 92.5%
of the TBI-CT scan-positive patients were classified as brain
injured, and 34.6% of the TBI-CT scan-negative patients and
10% of the controls were classified as brain injured.

Studies using the BrainScope system have also been
published by McCrea et al74 and by Barr et al.75 The McCrea
et al74 study was a prospective study of high school and college
athletes. EEGs were recorded at preseason baseline on the day
of injury, 8 days after injury, and 45 days after injury. The study
examined records from 28 participants who sustained a con-
cussion and from 28 matched controls drawn from the same
preseason cohort. The injured participants had lower neuro-
cognitive test scores on the day of injury. Therewere no test score
differences at day 8 or at day 45. In contrast, injured-control
differences in the qEEG were observed on day 8. Between-
group qEEG differences were not, however, observed on day
45. In an expansion of the McCrea et al74 study, Barr et al75

again found that injured versus control differences were ob-
servable in the qEEG at day 8, but not at day 45. The divergent
time courses of EEG recovery and neurocognitive test re-
covery suggests that physiological recovery may extend be-
yond the period identified by neuropsychological testing. As
will be reported presently, evidence indicates that ERPs
can identify postinjury CNS abnormalities for significantly
longer periods.

When considering qEEG results, it should be noted that
these studies applied a qEEG discriminant function, which
was derived to maximally separate a normal population from
patients with TBI. It is possible that the alterations of brain

electrical activity observed in the population with a history of
TBI are also observable in other neuropsychiatric populations,
for example, depression and schizophrenia. The generalization
of this algorithm beyond an immediate consideration of trau-
matic brain injury is uncertain.

A quantitative analysis of evoked potentials and of ERPs
as distinct from EEGs may provide important additional classi-
fication power, where it is stressed that EEGs, evoked potentials,
and ERPs can be combined in the same clinical evaluation.
Evoked potentials are electrical potentials recorded in response
to a well-defined punctate stimulus. They are therefore distinct
from spontaneous EEG potentials analyzed in qEEG. The term
evoked potential is typically reserved for short latency responses
that assess the patency of afferent pathways. In most applica-
tions, the average response to multiple presentations of an
identical stimulus is examined. Several investigators have used
brain stem auditory-evoked potentials (BAEPs) to examine
MTBI. The results have been mixed. Rizzo et al76 found inter-
peak intervals in BAEPs to be abnormal in 10 of 57 patients
with TBI assessed. Schoenhuber and Gentillini77 found abnor-
mal BAEPs in 60 of 30 patients. Werner and Vanderzandt78 and
Haglund and Persson79 reported no abnormal BAEPs recorded
from the confirmed patients with TBI participating in their
studies. Reviewing evidence available at the time, Gaetz and
Bernstein62 concluded that evoked potentials were of limited
diagnostic efficacy in TBI. However, these conclusions should
be reconsidered in the light of subsequent research. Arciniegas
and Topkoff80 reviewed the application of the P50-evoked re-
sponse in the evaluation of cognitive impairments after TBI.
They concluded,

‘‘The P50 ERP may be a useful marker of cholinergic dysfunction
among individuals with persistent attention and memory impairment
after TBI. As such, it is possible that the P50 ERP may be useful as a
measure with which to identify patients whose posttraumatic cognitive
disturbances are associated with neurophysiologic evidence of
cholinergic dysfunction and who might respond to treatment with
cholinergic augmentation strategies (i.e. cholinesterase inhibitors).
The limitations of the present data are substantial, however, and
must be addressed before the P50 ERP can be applied usefully to
the clinical evaluation and treatment of patients with posttraumatic
cognitive impairments.’’

An ERP is distinguished from an evoked potential by
having a longer latency and in being altered by the cognitive
significance of the stimulus to the subject. Evoked poten-
tials are called exogenous and are strongly dependent on the
physical properties of the stimulus (e.g., auditory versus visual
stimulation). ERPs are called endogenous and are formed by
higher level cognitive processes. They are less dependent on
stimulus modality. Can ERPs characterize MTBI? Although
several studies of ERPs obtained from patients with TBI have
been published, our literature search identified 90 articles
showing differences in ERPs obtained from patients with TBI
and healthy controls, the collective experience does not provide
a definitive answer to this question. In their review of elec-
trophysiology procedures for the assessment of MTBI, Gaetz
and Bernstein62 concluded,
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‘‘3. Visual P3 latency seems to be the most sensi t ive
electrophysiologic procedure covered in this review. All studies
using this technique to assess MTBI have found differences in
P3 latency compared with normal controls. In addition, the P3 word
technique may be very useful for the simultaneous assessment of
PTSD, malingering, and brain injury. This procedure seems to be
sensitive to injury while resistant to false positives when a 2.5 SD
normal limit is used.

4. An electrophysiologic assessment battery may be the most
effective method to detect differences in MTBI subjects who
experience cognitive dysfunction.’’

Given the dependence of ERPs on cognitive processes,
Lew et al81 also suggested that ‘‘longer latency ERP compo-
nents hold promise in predicting recovery of higher cognitive
functions.’’ Deficits in emotional processing can be an element
in the clinical presentation of TBI. ERP investigations of
patients with TBI using emotionally valenced stimuli82Y84 may
be particularly informative with this patient population.

ERPs may show a greater postinjury sensitivity than
qEEGs. Recall that the results of McCrea et al74 and Barr et al75

did not find significant qEEG differences between concussed
athletes and controls at 45 days after injury. Some results
suggest that ERPs are more sensitive and show statistically
significant differences between TBI and control populations
during greater postinjury periods. In a study where participants
were 9 to 81 months after injury, DeBeaumont et al85 found
significantly suppressed P3 amplitudes in athletes with multi-
ple concussions compared with those with single concussion
and without concussion. Broglio et al86 found persistent al-
terations in the ERP correlates of attentional allocation in a
population that was on average 3.4 years after injury. In a
study of older athletes who were 30 years old after concus-
sion, DeBeaumont et al87 found attenuated P3 amplitudes and
increased P3 latencies.

To date, the examination of ERPs obtained from patients
with TBI has, with few exceptions, been limited to reports of
differences in amplitude and latencies of identified components
of the ERP. We suggest that a dynamical analysis of ERPs,
particularly event-related synchronization and desynchroniza-
tion, causality analysis, and small world modeling will result
in significant improvements in clinical utility.

For some patients, tests of eye movement and visually
guided arm movement may also provide quantitative physio-
logical measures of deficit after MTBI that are observable in
the absence of deficits in neuropsychological tests. Heitger
et al88,89 found that mild closed head injury was associated
with deficits in saccades and impaired upper limb visuomotor
function although no oculomotor or visuomotor deficits were
found in a standard clinical examination. The greatest between-
group discrimination (controls versus mild closed head injury)
was seen in errors in a visuomotor control test that also required
memory (memory-guided sequences of the fixation point).
After controlling for sampling dependent differences in verbal
IQ, no differences were found in the assessed neuropsycho-
logical measures (Paced Auditory Serial Addition Test, Cali-
fornia Verbal Learning Test, Symbol Digit Modalities Test,
and Trail Making Test). They conclude that ‘‘These results

indicate that multiple motor systems can be impaired after
mild CHI (closed head injury) and that this can occur inde-
pendently of neuropsychological impairment.’’ These mea-
sures were used longitudinally at 1 week, 3 months, 6 months,
and 12 months after injury.90 At 12 months, residual deficits in
visuomotor and arm motor function persisted in the absence
of cognitive impairments as assessed by neuropsychological
tests. In a subsequent study, Heitger et al91 compared head
injury patients who had made a good recovery with equiva-
lently injured patients who presented PCS as defined by World
Health Organization guidelines. The PCS group performed
worse on antisaccades, self-paced saccades, memory-guided
sequences, and smooth pursuit. Importantly, poor perfor-
mances included measures beyond conscious control sug-
gesting subcortical impairment. The indication of subcortical
involvement is consistent with the earlier results of Suh et al,92

suggesting a disruption of cerebellar-cortical connections. It
should also be noted that they found measures of predictive
eye movement to be more sensitive than target tracking. A
predictive paradigm assays oculomotor integrity and cognitive
deficits. A study by Caeyenberghs et al93 included both dif-
fusion tensor imaging and an upper limb visuomotor task that
required predictive control. The TBI group displayed poor
tracking performance and a decreased fractional anisotropy
due to increased diffusivity parallel and perpendicular to the
axonal fiber direction. A discriminant analysis that combined
both classes of measures (diffusion tensor imaging and visuo-
motor tracking) was more effective in separating the clinical
and control populations than discriminations using a single
class of measures.

In two studies of exceptional interest, Contreras et al94,95

measured smooth pursuit eye movement as participants tracked
a circularly moving target. The tracking accuracy was assessed
quantitatively by computing the synchronization index.96,97

Phase synchronization is a particularly effective measure for
characterizing circular tracking because most saccades are
normal to the orbit. Phase is insensitive to normal displace-
ments. In the discussion of Contreras et al,94 the authors note
that an analysis could be constructed by determining the x-axis
and y-axis phases separately by computing the Hilbert trans-
form of each function’s time series. The phase synchronization
can then be calculated separately for the horizontal and vertical
axis. Because these two components of eye movement are
controlled by different regions of the cerebellum, this would
allow a more highly resolved characterization of corticocer-
ebellar integrity. As discussed in the following paragraphs, this
alternative was implemented in their 2011 study. The 2008
study showed that phase synchronization was dependent on
age. In their population, the synchronization index of older
healthy participants was less than that observed in both young
and older TBI participants. In addition, fatigue had a signifi-
cant effect on the synchronization index in both populations,
where the authors note that fatigue as measured by their
method incorporates fatigue, as the term is conventionally un-
derstood, and boredom. The sensitivity of the synchronization
index to participant motivation may have significant implica-
tions for the measure’s clinical utility. In the subsequent study,
Contreras et al95 combined smooth pursuit eye movement
tracking of a circularly moving target with a cognitive task.
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Before beginning the visual task, the experimenter read one
word (one-word task) or a list of five words (five-word task) to
the participant with the instruction that the words are to be
remembered and that the participant will be asked to recall the
words at the end of the eye movement recording. A control
zero-word task was included in the protocol. The synchro-
nization index values were larger for the healthy controls
than those for the TBI participants. The between-group dif-
ferences were statistically significant on the horizontal axis for
the five-word task and on the vertical axis for the one- and five-
word tasks. Velocity error and number of saccades and con-
ventional measures of eye movement were greater for the
TBI participants.

The 2011 study of Contreras et al95 showed the dis-
criminative value of combining an eye movement task with a
demanding cognitive task. It should be noted that with an in-
tegrated data acquisition platform, it is possible to measure eye
movement, heart rate variability, and ERPs during a neuro-
psychological assessment. We suggest that this simultaneous
multidimensional investigation will provide a more sensitive
characterization of MTBI.

When considering the progress made in identifying
physiological correlates of MTBI, cautionary observations
should be made concerning specificity and test-retest reli-
ability. Although the current literature suggests that ERPs can
be a sensitive indicator of MTBI, it should be recognized that
similar alterations of ERPs have been observed in other clinical
populations including bipolar disorder, dementia, depression,
PTSD, and schizophrenia. Similarly, eye movement smooth-
pursuit deficits have been observed in schizophrenia, autism,
PTSD, alcoholism, and substance abuse. Alterations in heart
rate variability, a noninvasive measure of autonomic nervous
system function, have been observed after TBI, but they have
also been observed in schizophrenia, PTSD, depression, and
anxiety. Although the lack of specificity must be clearly rec-
ognized, the value of a sensitive albeit nonspecific measure
should not be underestimated. The classical example of a
sensitive but nonspecific clinical measure is body temperature.
A temperature of 104-F is nonspecific but highly significant.
Like body temperature, the value of measures of CNS integrity
lies in their longitudinal use. Is the patient improving or de-
teriorating? Therefore, although physiological measures will
be clinically important, given nonspecificity, these measures
alone will not provide a diagnosis.

Enthusiasm for the use of these measures in longitudinal
assessment must, however, be tempered by considerations of
test-retest reliability. Inconsistency in performance is a char-
acteristic of the injured CNS. This was indicated in the 19th
century by Hughlings-Jacksons’s case histories98 and explicitly
reported by Henry Head in 192699: ‘‘An inconsistent response
is one of the most striking results produced by a lesion of
the cerebral cortex.’’ This inconsistency has been observed
in neuropsychological testing after TBI.100,101 When consid-
ering the longitudinal neuropsychological assessment of TBI
with the Automated Neuropsychological Assessment Metric
(ANAM), a computer-administered neurocognitive assess-
ment tool developed by the US Department of Defense, the
contribution of Bleiberg et al102 is of particular interest. In a
study with 12 subjects (6 patients with TBI and 6 controls),

investigators measured within-day and across-day variation in
ANAM performance. A subset of ANAM tests was adminis-
tered 30 times during 4 days, and the performance patterns
between TBI and control subjects were compared. Control
subjects showed consistent improvement, presumably the re-
sults of a practice effect. Patients showed ‘‘erratic and incon-
sistent performance’’ across days. Bleiberg et al102 made the
following important point: ‘‘Inconsistent performance was
observed even in those subjects with TBI whose initial per-
formance was equal to or better than that of the control sub-
jects. Deficits in dynamic performance may explain why some
patients with TBI who have excellent neuropsychological test
performance nonetheless complain of functional decrement
from premorbid ability.’’ Previous studies of test-retest reli-
ability of ERPs in healthy controls present variable results.
Depending on the ERP component assessed, reliabilities are
good to excellent.103Y106 To date, we have located only one
study of ERP test-retest reliability after TBI.107 The Lew
et al107 study compared 19 healthy participants against 7 clini-
cal participants with a history of moderate to severe TBI. The
retest interval ranged from 2 days to 2 months. Latencies
and amplitudes were measured for four components in the
averaged ERP wave form. A measure was deemed to be reli-
able if the corresponding interclass correlation coefficient
was greater than 0.6. In the case of controls, four amplitude
and three latency measures met the stability criterion. In the
population with a history of TBI, only the amplitude and la-
tency of the N1 was stable.

Lew et al107 found the amplitudes of defined compo-
nents to be more reliable than component latencies. This
emphasizes the importance of making a distinction between
amplitude and latency reliability. In their studies for healthy
participants, Walhovd and Fjell103 and Sinha et al108 also found
amplitude measures to be more reliable than latency measures.
The functional significance of ERP amplitude is not well un-
derstood. It is generally argued that latency reflects the efficiency
of information processing. Thus, of the two measures examined,
the measure that relates most directly to the assessment of cog-
nitive deficits shows poor reliability. A potential resolution of this
problem may lie in expanding the class of quantitative measures
used to characterize ERPs. Most studies examine average ERP
wave forms and limit quantification to estimating amplitudes and
latencies of identified components. It is possible that greater re-
liability will be obtained by applying additional analytical pro-
cedures. In addition, it should be noted as was noted in Lew
et al107 that the lack of temporal stability of ERPs in the population
with a history of TBI may itself be a useful clinical indicator.

When evaluating the unquestionably encouraging re-
sults from imaging studies and from physiological research,
three points should be made.

1. TBI is not, we contend, a distinct disease entity. Qual-
itatively (mechanistically) different pathophysiological
processes may be initiated by different injury events. In
addition, more than one pathological process may be ini-
tiated by a single event. Therefore, there will never be a
single imaging or physiological test for TBI.

2. Although the results obtained with imaging and phys-
iological measures are very encouraging, a great deal of
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research is still required to established sensitivity and test-
retest reliability. The nonspecificity of the symptoms, as
argued earlier, indicates that sensitivity may be achieved,
whereas specificity will quite probably be unobtainable.

3. The physiological and imaging results should not de-
flect focus from the central argument of this article. The
physiological characterization of postinjury deficits does
not confer logical meaning to a diagnostic treatment of
an event as a disease.

If a diagnosis of TBI is not epistemologically valid, might
it nonetheless be useful? After all, as observed by Kendell
and Jablonsky,109 ‘‘it is crucial to maintain a clear distinction
between the validity and utility’’ of a diagnostic process (see
also Mullins-Sweatt and Widiger110). Although the preceding
analysis argues against diagnostic validity, we must ask as a
separate question, is it useful? Kendell and Jablonsky109 have
provided the following criterion for diagnostic utility, ‘‘We
propose that a diagnostic rubric may be said to possess utility
if it provides nontrivial information about prognosis and likely
treatment outcomes and/or testable propositions about bio-
logical and social correlates.’’ Have these criteria been met in
the case of MTBI? Arguably not. The heterogeneity of the
population with a history of MTBI and their clinical presen-
tation, the absence of a unitary etiology of postinjury deficit,
and the complex, idiosyncratic time course of the appearance
of these deficits precludes satisfying this criterion of utility.
A similar conclusion has been reached by Smith111 in the letter
‘‘Postconcussional Symptoms not a Syndrome’’ in the journal
Psychosomatics: ‘‘It is my view that symptoms typically at-
tributed to postconcussion are so nonspecific and are associ-
ated with such a wide variety of other conditions that they do
not meet the definition of a syndrome.’’ Smith cites several
studies in support of this conclusion, which show that the
symptom collections of PCS are not unique to the head injury
population and have a high baseline prevalence in the general
population.32,34,112,113

If not useful, can we at least be assured that this diag-
nosis is not harmful? Usually, but not always. The mischief of
a false-positive identification should not be underestimated.
McCrea28 has written about the potential iatrogenic effects of
either misdiagnosing or making an accurate assessment of
MTBI that is followed by an ill-considered or imperfectly
communicated prognosis that suggests the likelihood of a
poor outcome and long-term disability. An effective summary
is provided by Tukey,114 a mathematician noted for clarifying
statistical issues concerning false-positive results in his essay
emphasizing the importance of both accuracy and relevance,
‘‘It’s often much worse to have a good measurement of the
wrong thing,I than to have a poor measurement of the
right thing.’’

DISCUSSION

It would follow that the diagnosis of MTBI is not valid,
not useful, possibly harmful, and proceeds from the imprecise
use of language. This said, what is the alternative? The 1986
article of Persons3 provides guidance. Persons argued for a
focus not on diagnostic categories but on the symptoms leading
to an investigation of the underlying processes of a specified

symptom. In a major contribution, Halbauer et al115 have
provided a systematic implementation of Persons’ conceptu-
alization by arguing for a clinical approach to TBI based on
five groups of symptom clusters (cognitive dysfunctions, neu-
robehavioral disorders, somatosensory disruptions, somatic
symptoms, and substance dependence). We would add that in
the ideal case, the observed symptom should be as proximal as
possible to the underlying pathophysiological lesion and that
the search for underlying processes should be a search for the
symptom’s physiological substrate. Again, the heterogeneity
of the population and the nonspecificity of the symptoms re-
main a formidable obstacle. In any case, our present level of
understanding potentially precludes a physiologically based
investigation. Recent advances with CSF and serum biomarkers
as well as functional and structural imaging investigations have
yet to rise to the level of acknowledgment as evidence-based
‘‘gold standards.’’ Although some imaging studies may be
considered gold standard within certain communities, these
procedures are, at present, inappropriate for assessingMTBI and
are only useful as a screening tool for moderate or severe injury.
This is especially true of subtle cognitive deficits after MTBI.
Imaging studies are nondisclosing of these deficits, although
they may have a profound effect on the patient’s quality of life.
The physiological measures discussed earlier are, in some
instances, disclosing of cognitive deficits and show promise, but
as previously argued, because TBI is not a single disease, no
single measure will be clinically disclosing.

Persons and others have emphasized the examination
of psychological processes. Investigations of this type can be
conducted in the absence of detailed knowledge of the un-
derlying physiology. The power of this form of analysis should
not be underestimated as, for example, in the research of Wylie
et al116,117 on interference control during action selection in
Parkinson’s disease and in recent quantitative studies of pat-
terns in patient-therapist communication in psychotherapy
after TBI.118

The search for mechanisms and processes, physiological
or psychological, is demanding. As previously observed, dif-
ferent injury events can initiate different pathophysiological
processes, and a single injury event can initiate more than one
pathophysiological process. These processes may have differ-
ent time courses, and they may interact. Therefore, there will
never be a single measure for the characterization of TBI. In
response to this, we propose the development of an integrated
imaging, biomarkers, examination, neuropsychology, and neu-
rophysiology assessment that combines all elements into the
assessment. This development process will be a formidable
task. The identification of homogeneous, or approximately
homogeneous, participant groups has been and will remain
perhaps the biggest single challenge, but the effort is essential.
Logically ill-posed diagnostic exercises are not sufficient.
Much has been accomplished already through the study of
football, rugby, and soccer players, yet these groups cannot
address the unique mechanisms of injury faced by combatants
or civilians in wars or terrorism, or the unique anatomic and
physiological characteristics of children or the elderly. The
closing observation is provided by Tukey114: ‘‘If what is really
needed is harder to measure or harder to explain, we still need
to measure and explain it.’’
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Following the completion of an earlier draft of this ar-
ticle, our attention was directed to the article ‘‘Traumatic Brain
Injury: A Disease Process not an Event,’’ by Masel and
DeWitt.119 This is a valuable contribution to the TBI literature.
We concur in concluding that TBI can, in some instances, result
in a chronic disorder. In response to Masel and DeWitt, we
would like to make two additional observations. First, in the
case of MTBI, the postinjury population is exceptionally het-
erogeneous. As Masel and DeWitt recognize, progression to
a chronic disorder will be limited to a subset of that popula-
tion. Identifying these individuals in the immediate postinjury
period is an important, unresolved challenge. Second, although
a chronic disorder may follow from a TBI, describing an injury
event as a disease cannot be logically substantiated.
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