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Abstract—Traumatic brain injury (TBI) is a common injury
type among Operation Iraqi Freedom/Operation Enduring Free-
dom (OIF/OEF) veterans, and headaches are a frequent conse-
quence of TBI. We examined the hypothesis that among
veterans who reported mild TBI caused by exposure to an explo-
sion during deployment in OIF/OEF, those with residual neuro-
cognitive deficits would have a higher frequency of headaches
and more severe headaches. We evaluated 155 consecutive vet-
erans with neurological examination and neuropsychological
testing. We excluded 29 veterans because they did not have mild
TBI or they did not complete the evaluation. We analyzed head-
ache pattern, intensity, and frequency. Among the 126 veterans
studied, 80 had impairments on neurological examination or
neuropsychological testing that were best attributed to TBI. Vet-
erans with impairments had been exposed to more explosions
and were more likely to have headache, features of migraine,
more severe pain, more frequent headaches, posttraumatic stress
disorder, and impaired sleep with nightmares.

Key words: blast, combat, explosion, headache, migraine,
OEF, OIF, pain, sleep, traumatic brain injury.

INTRODUCTION

Traumatic brain injury (TBI) is an important health
issue in both military and civilian life [1–3]. TBI result-
ing from exposure to explosions is highly prevalent

among military personnel who served in Operation Iraqi
Freedom/Operation Enduring Freedom (OIF/OEF) [3].
Mild TBI may also be referred to as concussion. Head-
ache, a frequent sequel to head trauma [4–5], usually
resolves within 6 months for civilians with mild TBI [5].
Headache patterns have been reported among military
personnel, but these reports focused on individuals with
moderate or severe TBI [6–7]. The usual patterns
for headaches are tension-like, migraine-like, and mixed
tension/migraine [7]. Among veterans with moderate or
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severe TBI treated in the four Veterans Health Adminis-
tration (VHA) Polytrauma Centers, the prevalence of
headaches at the onset of treatment was 38 percent [6].
Most individuals had frequent or daily headaches. Head-
aches resolved in about half the veterans after 6 months,
but those with headaches after 6 months also continued to
have headaches after 1 year. The most frequent pattern of
TBI among OIF/OEF veterans is mild TBI [2–3]; how-
ever, a paucity of information exists about headaches in
veterans with mild TBI.

The veterans were categorized based on whether they
had persistent residuals of TBI as determined by neuro-
logical examination and neuropsychological testing. The
primary hypothesis of this article is that veterans with
residual neurocognitive deficits after TBI will be more
likely to have headaches. The secondary hypotheses
related to veterans with residual neurocognitive deficits
is that they will have (1) more severe headache pain,
(2) different headache characteristics, (3) higher preva-
lence of posttraumatic stress disorder (PTSD) and
impaired sleep, (4) been exposed to more explosions, and
(5) more recently been exposed to an explosion.

METHODS

This study was a Quality Assurance Monitor of the
evaluation of OIF/OEF veterans. All veterans were evalu-
ated in the Louis Stokes Cleveland Department of Veter-
ans Affairs (VA) Medical Center (LSCVAMC) in
Cleveland, Ohio, which is a second-level VHA Poly-
trauma Center.

The study was approved and continuously reviewed
by the Quality Assurance Committee of the Neurology
and Quality Assurance Services, the Medical Executive
Committee, and the institutional review board of the
LSCVAMC.

Primary and Secondary TBI Screening
We evaluated 155 OIF/OEF veterans who were iden-

tified by the VHA TBI screening tool [8]. The screening
tool is administered to all OIF/OEF veterans treated by
VHA. For those who confirm OIF/OEF deployment and
do not have a prior diagnosis of TBI, the instrument pro-
ceeds with four sequential sets of questions. If the patient
responds negatively to any of the sets of questions, the
screen is negative. If the patient responds positively to
one or more possible answers in each of the four sections,

the screen is positive. The four sections are (1) events that
may increase the risk of TBI, such as exposure to an
explosion; (2) immediate symptoms following the event
including loss or altered consciousness or posttraumatic
amnesia; (3) new or worsening symptoms following the
event; and (4) current symptoms that are consistent with
TBI. The symptoms in the screen included alterations in
cognition, behavior, motor or sensory function, and bal-
ance or coordination and the presence of pain including
headache. Not all patients whose screens are positive have
TBI. A patient may respond positively to all four sections
because of the presence of other conditions, such as PTSD
without TBI, cervicocranial injury with headaches, or
inner ear injury. Therefore, patients are not labeled with
the diagnosis of TBI on the basis of a positive screening
test. They undergo a second-level evaluation including a
neurological examination, neuropsychological testing,
and evaluation of the neuropsychological tests by a certi-
fied neuropsychologist. From the group of 155 veterans,
we excluded 29 from consideration in this article for the
following reasons: (1) the initial screen was not truly pos-
itive because a veteran did not understand a question (4
veterans), (2) the veteran had moderate or severe TBI or
had sustained penetrating TBI (8 veterans), (3) TBI was
not due to exposure to an explosion (6 veterans), and (4)
the veteran did not complete the second-level evaluation
(11 veterans).

The remaining 126 veterans who had a positive initial
TBI screen had historical evidence of mild TBI based on
the duration of loss of consciousness or alteration of con-
sciousness. These veterans did not have a penetrating
head injury. The criteria for mild TBI were that for each
episode of TBI the duration of loss of consciousness was
less than 30 minutes, the duration of any alteration in
mental state (e.g., confusion, disorientation, slowed think-
ing) following the TBI was less than 24 hours, and the
period of any posttraumatic amnesia was less than
24 hours. These criteria are consistent with existing crite-
ria for mild TBI [1,9–12]. These 126 veterans were sepa-
rated into two groups according to whether a veteran had
evidence of brain dysfunction based on neurological
examination, neuropsychological testing, or both.

Neurological Examination
The neurological examination included a brief screen

of cognition and evaluation of cranial nerve, motor, sen-
sory, coordination, reflex, gait, and balance functions
[13]. The Montreal Cognitive Assessment Test was the
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cognitive function screen. Montreal Cognitive Assess-
ment Test scores of 26 or higher were considered normal
[14–15]. Cranial nerve evaluation included evaluation of
olfactory function, direct funduscopic examination, con-
frontation visual field testing, pupil size and light reactiv-
ity, horizontal and vertical smooth pursuit eye
movements, facial sensation to sharp and light touch sen-
sations, masseter muscle bulk and strength, hearing
assessment with a 512 Hz tuning fork, gag reflex and pal-
ate movement, sternomastoid muscle mass and strength,
and symmetry of tongue protrusion. Olfaction was tested
with a 12-item “scratch-and-sniff” testing instrument,
called the Brief Smell Identification Test (Sensonics,
Haddon Heights, New Jersey; http://www.senson-
ics.com) [16]. The olfactory testing instrument has nor-
mal performance values that are adjusted for age and sex
[17–18]. Olfactory testing using this scratch-and-sniff
type of testing instrument has been validated for all
severities of TBI [19–23]. Motor testing evaluated mus-
cle tone, muscle power testing, upper-limb drift, and the
arm-rolling maneuver [24]. Sensory testing included
evaluation of pin, light touch, and proprioception in the
fingers and toes, and also evaluation of extinction on
double simultaneous stimulation, topagnosia, and soma-
totopagnosia. Coordination testing included evaluation of
rapid alternating movements in the upper limbs, foot tap-
ping, finger-to-nose testing, and heel-to-shin testing. The
Romberg test assessed balance [25]. The neurologist was
not aware of the findings of neuropsychological testing
when he performed the neurological examination. Abnor-
malities discovered on the neurological examination
were interpreted to consider whether they were best
explained by injury to the brain or to the other parts of the
nervous systems. When no history of impaired olfaction
predated OIF/OEF deployment, olfactory impairment
was attributed to TBI. Impaired ocular motor function
was attributed to TBI, except in one individual whose
pattern of fine continuous nystagmus was present from
infancy and best explained by congenital nystagmus.

Characterization of Headaches
Each veteran was queried about the presence of head-

aches. If the veteran experienced headaches, we deter-
mined whether the headaches were associated with OIF/
OEF deployment. If the veteran had deployment-associ-
ated headaches, we recorded the pattern, character, fre-
quency, and severity of the headaches. The highest pain
level that a patient experienced during a headache was

scored on a numerical rating scale from 0 to 10, with 0
being no pain and 10 being unbearable pain [26]. In asso-
ciation with inquiring about headaches, veterans were
also queried as to whether they had impaired sleep and
the nature of the sleep impairment. Veterans were specif-
ically questioned about the presence of nightmares.

The International Headache Society classification for
headaches includes a distinct category for posttraumatic
headaches [4]. The three usual patterns of headache asso-
ciated with TBI are muscle tension, migraine, or mixed
tension/migraine [7]. We characterized each subject’s
headaches as tension-like, migraine-like, or mixed ten-
sion/migraine based on whether the characteristics of the
headaches fit the International Headache Society criteria
for tension headaches or migraine headaches or had fea-
tures of both headache types [4]. Tension headaches have
at least two of the following four criteria: (1) bilateral
pain, (2) pain that is pressing or tightening but not pulsat-
ing, (3) mild to moderate intensity, or (4) not aggravated
by physical activity. Tension headaches are not accompa-
nied by nausea or vomiting. Tension headaches may be
accompanied by phonophobia or photophobia, but not
both. During a tension headache, patients may have ten-
derness of pericranial muscles, including the temporalis,
masseter, pterygoid, sternocleidomastoid, splenius, or tra-
pezius muscles. Most individuals who develop posttrau-
matic migraine headaches have headaches that resemble
migraine without aura, which is also called common
migraine. The criteria for common migraine are recurrent
episodes of pain lasting for 4 to 72 hours with at least
two of the following four characteristics: (1) unilateral,
(2) pulsating quality, (3) moderate or severe intensity, or
(4) aggravated by or causing avoidance of routine physi-
cal activity. In addition, migraines have at least one of the
following two characteristics: (1) nausea, vomiting, or
both and (2) phono- or photophobia or both. Among
individuals who experienced migraine headaches prior to
head trauma, posttraumatic migraine headaches are asso-
ciated with a definite increase in headache frequency or
intensity or change in the pain pattern following head
trauma. Mixed tension/migraine headaches have features
of both headache types; for example, severe bilateral non-
throbbing pain associated with nausea or accompanied
with both photo- and phonophobia. Veterans who had two
types of headaches, both migraine-like and tension-like,
were categorized as having mixed headaches.



944

JRRD, Volume 45, Number 7, 2008
Neuropsychological Assessment
Each veteran was evaluated by one of two certified

neuropsychologists at the LSCVAMC. Neuro-
psychological testing was individualized for each subject;
however, each subject received a minimum battery of
neuropsychological tests to assess the following areas: (1)
intelligence; (2) executive functioning, including attention
and tracking; short-term and working memory; and initiat-
ing, sustaining, and retrieving information; (3) language;
(4) planning and problem solving; (5) visuospatial mem-
ory; (6) secondary memory and learning; (7) tests of effort
to assess for malingering; (8) depression; (9) anxiety; and
(10) personality and symptom validation with the use of
the second edition of the Minnesota Multiphasic Personal-
ity Inventory (MMPI-II) [27]. A neuropsychologist inter-
preted the test results and determined if the findings were
most consistent with TBI or whether abnormal findings
were better explained by another process such as PTSD.
Intelligence was assessed with the fourth edition of the
Wide Range Achievement Test [28] and the information
subtest of the third edition of the Wechsler Adult Intelli-
gence Scale (WAIS-III) [29]. Attention and information
tracking were assessed with the Stroop Color Name and
Color Word Tests [30–31] and the Paced Auditory Serial
Addition Test [32–33]. Short-term and working memory
were evaluated with the Auditory Consonant Trigram Test
[34], the letter-number sequencing subtest of the WAIS-III,
and the Trail Making Test parts A and B [35–37]. The abil-
ity to initiate, sustain, and retrieve information was meas-
ured with the Controlled Oral Word Association Test (also
called the F-A-S test) and animal naming [38–40]. Lan-
guage function was examined with the Boston Naming
Test [35,41]. Planning, problem solving, and cognitive
flexibility were evaluated with the Porteus Maze Test [42–
43] and the full version of the Wisconsin Card Sort Test
[44–45]. Visual spatial memory was measured with the
Rey Complex Figure Test [46–48]. Secondary memory
and learning ability were evaluated with the third edition
of the Wechsler Memory Scale (WMS-III) [49–53], the
full version of the second edition of the California Verbal
Learning Test (CVLT-II) [54–56], and the Rey Complex
Figure Test. The likelihood that the responses given on
neuropsychological testing were sincere and that the sub-
jects were applying a good effort was assessed by interpre-
tation of performance on several tests, including the Test of
Memory Malingering [57–58], the WMS-III [52–53], and
the MMPI-II [59]. Depression was assessed with the sec-

ond edition of the Beck Depression Inventory [60]. Anxi-
ety was assessed with the Beck Anxiety Inventory [61].

We evaluated each veteran’s performance on
neuropsychological testing to consider whether the find-
ings were valid and whether they were consistent with
neurocognitive sequelae of TBI or better explained by
another process. The features of cognitive function consid-
ered most likely to be disturbed by TBI included working
memory; attention (including focusing of attention in the
presence of distraction); speed of processing; secondary
verbal and visuospatial memory; and executive functions
such as planning, organization, and nonroutine problem
solving. In determining whether the neuropsychological
testing results indicated residual neurocognitive sequelae
of TBI, the neuropsychologists focused on performance in
six areas of performance: (1) executive functioning, (2)
visuospatial functioning, (3) attention, (4) working mem-
ory, (5) speed of processing, and (6) secondary verbal and
visuospatial memory. For an individual to be considered to
have persisting neurocognitive sequelae of TBI, that indi-
vidual needed to show impairments in two or more of the
six targeted areas of neurocognitive functioning, those def-
icits could not be better attributed to another cause, and the
neuropsychologist needed to believe that the
neuropsychological test results accurately reflected the
individual’s performance ability.

PTSD
Every veteran undergoes a screen for PTSD when he

or she enters VA care. The initial screen consists of four
questions, introduced with, “In your life, have you ever
had any experience that was so frightening, horrible, or
upsetting that, in the past month, you experienced any of
the following: (1) Have had nightmares about it or
thought about it when you did not want to? (2) Tried hard
not to think about it or went out of your way to avoid
situations that reminded you of it? (3) Were constantly on
guard, watchful, or easily startled? (4) Felt numb or
detached from others, activities, or your surroundings?”
If a veteran acknowledges any three items, the screen is
considered positive and the veteran is referred for further
evaluation by a mental health professional who is trained
and qualified to recognize and diagnose PTSD. The
PTSD evaluation includes a 17-item National Center for
PTSD Checklist for symptoms of PTSD [62]. The PTSD
Checklist is based on well-validated case definitions used
in veteran and military populations [63–65]. Each item
has five possible responses with scoring values of 1 to 5,
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with 1 point being “not at all” and 5 points being
“extremely.” Thus, the total range for the PTSD Checklist
is 17 to 85 points. For a diagnosis of PTSD, a subject has
to satisfy the criteria of the American Psychiatric Associ-
ation’s Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition, which requires at least one
intrusion symptom, three avoidance symptoms, and two
hyperarousal symptoms [66]. In addition, the individual
has to have substantial distress, as measured by a total
score of at least 50 on the PTSD Checklist.

Statistical Methods
The independent variables were (1) interval in months

from last blast exposure associated with loss of conscious-
ness, alteration in consciousness, or posttraumatic amnesia;
(2) number of historical blast exposures associated with
lost or altered level of consciousness; (3) presence of
PTSD; presence of abnormalities on elements of the neuro-
logical examination including (4) olfaction, (5) eye move-
ments, (6) motor examination, (7) sensory examination,
(8) balance, (9) coordination, (10) gait, and (11) reflex
evaluation; (12) presence of abnormalities on
neuropsychological testing that were most consistent with
TBI and not better explained by another process; and
(13) presence of disturbed sleep. The dependent variables
were (1) presence of TBI indicated by abnormalities on
neurological examination, neuropsychological testing, or
both; (2) presence of headaches; (3) headache pattern as
tension-like, migraine-like, or mixed; (4) number of head-
aches per month; and (5) severity of headache pain. The
relationship between the presence of TBI and the
independent variables was determined with an association
analysis that used the chi-square goodness-of-fit test [67].
The Appendix (available online only at http://
www.rehab.research.va.gov/jour/08/45/7/pdf/contents.pdf/)
contains a table with the results of an association analysis
for the presence of neurocognitive deficits with independ-
ent variables using the chi-square goodness-of-fit test.
Where applicable, we used an odds ratio (OR) and a
95 percent confidence interval (CI) to compare results. The
relationships of the number and severity of headaches with
impaired sleep and PTSD were evaluated with logistic
regression analysis [68]. We used the Pearson Correlation
test to examine the relationships among headache severity,
the number of blast exposures and the interval since the last
blast exposure [69]. We used the Bonferroni method to cor-
rect for multiple comparisons [70–71]. Values are pre-
sented as means ± standard error of the mean (SE).

RESULTS

For the 126 veterans with a reported history of mild
TBI, we evaluated the findings on neurological examina-
tion and neuropsychological testing to determine whether
abnormal findings were best attributed to TBI or to another
process. To evaluate the primary hypothesis that veterans
with neurocognitive deficits would have a higher preva-
lence of headaches, we divided the subjects based on
whether they had deficits identified on neurological exami-
nation or neuropsychological testing and found 80 veterans
with evidence of brain dysfunction that was best explained
by TBI (Table 1). We found 59 veterans (74%) with abnor-
mal neurological and neuropsychological assessments and
only 6 veterans (7.5%) with an abnormality on neurologi-
cal examination and no deficits on neuropsychological
testing that were best attributed to TBI. Just 3 veterans
(4%) had impaired olfaction as their only abnormality.
Fifteen veterans (19%) had abnormalities on neuro-
psychological testing and normal neurological examina-
tions. The most sensitive test on the neurological examina-
tion was olfaction. The number of veterans with
abnormalities on different parts of the neurological exami-
nation were olfaction = 65, balance = 14, eye movements =
13, motor = 2, and sensory = 2. Among the 65 veterans
with abnormalities on neurological examination, 41 (63%)
had only impaired olfaction. Abnormal neuropsycholo-
gical testing and impaired olfaction had the strongest
associations with residual neurocognitive deficits (each p <
0.001).

The primary hypothesis that veterans with neuro-
cognitive deficits would have a higher prevalence of head-
aches was supported by the data. Of all the veterans with
cerebral dysfunction, 93 percent had headaches, compared
with 13 percent of veterans without cerebral impairment
(Table 2, p < 0.001, OR = 82.2 with 95% CI of 24.9–
271.7). In addition, the secondary hypotheses that veterans
with residual neurocognitive deficits would have different
headache characteristics and more severe pain were
also supported by the data. Veterans with persisting

Table 1.
Frequency of abnormalities on neurological and neuropsychological
testing among 80 veterans with mild traumatic brain injury.

Neurological Testing Neuropsychological Testing
Abnormal Normal

Abnormal 59 6
Normal 15 0
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neurocognitive deficits were more likely to have headaches
with migraine features. All the veterans without cerebral
impairment had tension-like headaches, whereas 60 percent
of the veterans with cerebral impairment had migraine-like
or mixed headaches (Table 2, p < 0.001). Of the 44
individuals who had headaches with migraine features, 8
had a history of childhood migraine that did not persist into
adulthood. None had active migraine at the onset of their
OIF/OEF deployments. Veterans with persisting cerebral
impairment had more frequent headaches (Table 3, p <
0.001). The mean number of headaches per month was
12.4 ± 0.94 for veterans with persisting cerebral injury,
compared with 4.50 ± 0.34 for veterans without persisting
cerebral dysfunction (p < 0.001). The peak pain level
during headaches was greater for veterans with persisting
cerebral dysfunction (Table 3).

Two of the secondary hypotheses related to veterans
with residual neurocognitive deficits were that they would
(1) have been exposed to more explosions and (2) have
more recently been exposed to an explosion. The presence
of residual neurocognitive deficits was associated with
exposure to a larger number of explosions, but not associ-
ated with the elapsed time since the last blast exposure.
Only one veteran reported a brief episode of altered con-
sciousness lasting less than 1 minute prior to entry into
military service. He reported that the episode occurred in a
high school sporting event. That veteran did not have resid-
ual neurocognitive deficits. No veteran reported suffering a
concussion after deployment in OIF/OEF. The mean num-
ber of blast exposures associated with loss or alteration of
consciousness was 4.42 ± 0.23 for veterans with evidence

of residual brain damage, compared with 2.65 ± 0.18 for
veterans with no persisting signs of brain injury (p <
0.001). Each veteran reported at least one episode of loss of
consciousness due to an explosion. The mean number of
blast exposures associated with loss of consciousness was
3.91 ± 0.20 for veterans with evidence of residual brain
damage compared with 1.46 ± 0.09 for veterans with no
persisting signs of brain injury (p < 0.001). Among the vet-
erans with residual neurocognitive deficits, 91 percent
reported multiple episodes of loss of consciousness com-
pared with 39 percent of the veterans who did not have def-
icits (p < 0.001, OR = 16.2 with 95% CI of 6.11–43.0). The
interval from the last blast exposure to the evaluation was
similar for the 80 veterans who had evidence of persisting
neurological or cognitive deficits and the 46 veterans who
did not. The interval range was 8 months to 4.5 years. The
median/mean intervals in months were 30.5/30.8 for veter-
ans with deficits and 29.5/30.5 for veterans without deficits.

The data supported the secondary hypotheses that vet-
erans with residual neurocognitive deficits will have
higher prevalence of PTSD and impaired sleep (Table 4).
The frequency of PTSD was 90 percent for veterans with
neurocognitive deficits compared with 24 percent for vet-
erans without neurocognitive deficits (p < 0.001, OR =
28.6 with 95% CI of 10.6–77.6). The frequency of
impaired sleep was 83 percent for veterans with neuro-
cognitive deficits, compared with 11 percent for veterans
without neurocognitive deficits (p < 0.001, OR = 38.7 with
95% CI of 13.0–115.3). The most common sleep impair-
ment was agitated sleep with nocturnal awakenings due to

Table 2.
Character of headaches associated with blast exposure.

Patient Group (No. with Headaches/Total No.)
Headache Type, No. (%)

Tension Migraine Mixed
Neurocognitive Deficit (74/80) 30 (41) 14 (19) 30 (41)
Normal Neurological & Neuropsychological Testing (6/46) 6 (100) 0 (0) 0 (0)

Table 3.
Headache frequency and severity.

Patient Group (No. with Headaches)
Peak Pain Intensity* Frequency, No. (%)

(Mean ± SE) >4/Month >10/Month Daily
Persisting Deficit (74) 7.28 ± 0.27† 71 (96)† 31 (42) 10 (14)
Negative Neurological & Neuropsychological Testing (6) 4.33 ± 0.27 2 (33) 0 0
* Rated on 0–10 scale.
†p < 0.001.
SE = standard error of the mean.
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nightmares. Among the veterans with impaired sleep, all
those with cerebral dysfunction had awakenings due to
nightmares. In contrast, only one of those without cerebral
dysfunction had nightmares. Impaired sleep was strongly
associated with PTSD for veterans with persisting cerebral
impairments but only slightly associated for veterans with-
out cerebral dysfunction. All the veterans with neuro-
cognitive deficits who had impaired sleep also had PTSD
and 94 percent of those with PTSD had impaired sleep. In
contrast, among the veterans who did not have a neuro-
cognitive deficit, only 1 of 11 veterans (9%) with PTSD
had impaired sleep.

We used logistical regression analysis to further
investigate the relationships between impaired sleep and
PTSD with headache severity and the frequency of head-
aches. Strong associations existed for veterans with per-
sisting neurocognitive deficit, but no associations for
veterans without cerebral dysfunction. Among veterans
with neurocognitive deficit, the presence of impaired
sleep was associated with higher levels of pain (Wald χ2 =
12.0, p < 0.001) and more frequent headaches (Wald χ2 =
11.8, p < 0.001). Strong associations also existed between
the presence of PTSD and the headache frequency (Wald
χ2 = 12.2, p < 0.001) and between PTSD and the intensity
of headache pain (Wald χ2 = 13.9, p < 0.001). Neither of
the two groups of veterans had associations between
headache frequency or intensity and either the number of
blast exposures or the duration of time from the last blast
exposure.

DISCUSSION

The data supported the primary hypothesis that veter-
ans with residual neurocognitive deficits after TBI would
be more likely to have headaches (Table 2). The data also
supported most of the secondary hypotheses. Veterans with
residual neurocognitive deficits had more intense headache
pain and were more likely to have headaches that had fea-
tures of migraine (Table 2). Their headaches were more
severe and occurred more frequently (Table 3). They also

had a higher prevalence of PTSD and impaired sleep
(Table 4). In addition, the veterans with neurocognitive
impairments reported being exposed to more explosions
that produced loss or alteration of consciousness. The sec-
ondary hypothesis that was not supported was that veterans
with neurocognitive deficits had been more recently been
exposed to an explosion. No difference existed in the inter-
val since the last blast exposure for veterans who did and
did not have neurocognitive deficits.

Several potential biases may have influenced the
findings. First, this was not a random sample of soldiers
who sustained mild TBI during deployment in OIF/OEF.
Not all veterans seek care within VHA after OIF/OEF
deployment. Veterans who are having issues with pain or
behavioral changes may be more likely to seek VHA
care. Second, the initial screening process used to iden-
tify veterans who had a history of TBI required a veteran
to report having active symptoms that could be associ-
ated with TBI. Veterans who had actually experienced a
concussion but whose symptoms resolved would not
have been identified by the initial screen. Third, the his-
tory indicating TBI was based on self-report of a remote
event. This problem is inherent in dealing with a non-
life-threatening event in a combat environment. Veterans
could possibly underestimate the duration of changed
consciousness, and some of those that we felt had mild
TBI may have had more severe TBI. We did not rely on
neuroimaging in diagnosing mild TBI, because imaging
is not routinely indicated for mild TBI. However, 52
individuals did have magnetic resonance imaging (MRI)
or computer tomography brain imaging studies, all of
which were interpreted as normal. In contrast, each of the
eight veterans who were excluded from this study
because their histories indicated moderate TBI had
neuroimaging, and five had abnormalities on neuro-
imaging studies. Of note, individuals with mild TBI may
have normal-appearing conventional MRI studies and
still manifest abnormalities on studies of regional cere-
bral blood flow [72] or diffusion-tensor MRI [73].

We depended on the clinical impression of neuropsy-
chologists interpreting the neuropsychological test battery

Table 4.
Presence of posttraumatic stress disorder (PTSD) and impaired sleep among veterans with and without persisting brain dysfunction.

Patient Group (No.) PTSD, No. (%) Disturbed Sleep, No. (%)
Persisting Deficit (80) 72/80 (90) 66/80 (82.5), All with PTSD
Negative Neurological & Neuropsychological Testing (46) 11/46 (24)* 5/46 (11)*
*p < 0.001.



948

JRRD, Volume 45, Number 7, 2008
in determining whether deficits were best attributed to TBI
or to another condition, such as PTSD. The
neuropsychological tests we used have been used to char-
acterize neurocognitive changes associated with TBI,
including the fourth edition of the Wide Range Achieve-
ment Test [29], the Stroop Color Name and Color Word
Tests [30–31], the Paced Auditory Serial Addition Test
[32–33], the Auditory Consonant Trigram Test [35,74], the
Trail Making Test parts A and B [35–37], the Controlled
Oral Word Association Test and animal naming [38–40],
the Boston Naming Test [35,41] the Porteus Maze Test
[42–43], the Wisconsin Card Sort Test [45], the Rey Com-
plex Figure Test [46–47], the WAIS-III and WMS-III [50–
53], the CVLT-II [55–56], the Test of Memory Malinger-
ing [57–58], the WMS-III [52], and the MMPI-II [59].
While the pattern of findings on neuropsychological test-
ing may suggest TBI, neuropsychological testing is not
diagnostic. Hence, the use of neuropsychological testing
does not provide a certain diagnosis of TBI.

In this study, the most sensitive tool for detecting
residual brain dysfunction on neurological examination
was olfactory testing. In studies of TBI resulting from
noncombat trauma, approximately 60 percent of
individuals with moderate to severe TBI have impaired
olfaction [20,22,75]. In this report, 52 percent of the 126
veterans with a history of mild TBI had impaired olfac-
tion. Head injury usually impairs olfaction by shearing
the olfactory nerves at the cribriform plate. Bruising of
the antero-medial aspect of the frontal lobes, the center
for olfaction, can also compromise olfaction [76]. MRI
studies of civilians with posttraumatic anosmia demon-
strated damage to the olfactory bulbs and tracts, subfron-
tal cortex, and temporal lobes [77–78]. Importantly,
individuals often do not recognize that they have
impaired olfaction following TBI [75]. An unrecognized
environmental exposure may have increased the number
of individuals with olfactory impairments or increased
the likelihood that concussion would cause impaired
olfaction. We are not aware of other studies of olfactory
function among veterans deployed in OIF/OEF.

Mild TBI can produce subtle impairments in neuro-
logical functions other than olfaction. In civilians with
head-trauma, impaired balance is acutely present in about
40 percent of individuals [79–80] and about 40 percent
have impaired eye movements [56,81]. However, the
detailed evaluation of balance and eye movement function
that is needed to detect the subtle changes produced by
mild TBI requires sophisticated testing equipment. Hence,

these assessments need to be done in special laboratory
settings. At this time, olfactory testing is the most sensi-
tive bedside indicator of persisting brain injury. Another
reason that olfaction is a good test for remote TBI is that
olfaction usually does not recover after TBI [23].

In this study, the veterans who had persisting neuro-
cognitive deficits reported being exposed to more explo-
sions that produced changes in consciousness. This
observation is consistent with animal studies that suggest
that repeated episodes of head trauma will increase the
likelihood of cerebral injury [82–83].

In this report, 63 percent of the 126 veterans studied
had headaches. The frequency was higher, 92 percent,
among the veterans with persisting neurocognitive impair-
ments and lower, 13 percent, among those without neuro-
cognitive deficits. In civilian populations, between 22 and
95 percent of individuals with TBI report chronic pain,
usually headache [84]. Chronic headaches appear to be
common in those with mild TBI. Approximately 30 to 90
percent of individuals with mild TBI have posttraumatic
headaches compared with 33 percent of those with moder-
ate to severe TBI [84]. Unfortunately, a high incidence of
TBI exists among personnel deployed in OIF/OEF.
Among those who have experience traumatic combat-
related polytraumatic injuries, including TBI, the point
prevalence estimates of pain are between 65 and 97 per-
cent [85].*

The 80 veterans with neurocognitive deficits were
more likely to have PTSD and impaired sleep. In addition,
both PTSD and sleep were associated with headache
frequency and intensity. Among the veterans with neuro-
cognitive deficits, PTSD and impaired sleep were strongly
associated. Other studies have noted an association
between combat-acquired TBI and PTSD in military per-
sonnel deployed in OIF/OEF [65]. Hoge et al. found that
soldiers who were deployed to Iraq and who reported histo-
ries of loss of consciousness were more likely to meet crite-
ria for PTSD and to report poor health; however, after
adjustment for PTSD and depression, mild TBI was no
longer associated with poor health except for headache
[65]. Hoge et al. concluded that the health complaints were
better attributed to PTSD and depression than to TBI. In
this study, mild TBI, PTSD, and impaired sleep were
strongly associated. Hence, we did not attribute symptoms

*Clark ME, Walker RL, Scholten JD, Gironda RJ. Personal communi-
cation, 16 February 2008.
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solely to PTSD. We feel that TBI and PTSD both contribute
to problems that OIF/OEF veterans face in reentering civil-
ian life. In concurrence with Hoge et al. [65], we feel that
headaches are better attributed to TBI than to PTSD.

CONCLUSIONS

We found that OIF/OEF veterans with histories of
mild TBI associated with exposure to an explosion in
combat could be distinguished based on whether they had
residual neurocognitive deficits after the last episode of
mild TBI. The blasts were usually caused by improvised
explosive devices. Among 126 veterans with histories of
mild blast TBI, 80 had residual neurocognitive deficits.
Most of the group of 80 had deficits on neurological
examination and neuropsychological testing. The veter-
ans with residual neurocognitive deficits had been
exposed to more explosions. Veterans who had persisting
neurocognitive deficits were more likely to have head-
aches, PTSD, and impaired sleep. They were more likely
to have headaches with migraine features. They had more
severe pain and more frequent headaches. While this
study cannot establish causality, we propose that links
may exist between PTSD, impaired sleep, and headaches.
Impaired sleep was highly correlated with the presence of
PTSD. Most veterans had impaired sleep due to night-
mares, which are a manifestation of PTSD. Disrupted,
nonrestorative sleep can worsen neurocognitive impair-
ments and will also intensify headache pain and increase
headache frequency.
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