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Abstract—Mild traumatic brain injury (mTBI) and posttrau-
matic stress disorder (PTSD) are prevalent dual impairments in 
veterans returning from the wars in Iraq and Afghanistan. 
Attention problems are a common self-reported complaint of 
veterans with mTBI, but relatively few studies have investi-
gated the types and levels of behavioral attentional deficits 
present in veterans with mTBI and PTSD. The purpose of this 
study was to compare visual attentional performance between 
samples of veterans with both mTBI and PTSD (mTBI+PTSD),
PTSD only, and a control group. Overall, the attentional 
responses of the mTBI+PTSD group were slower than those of 
the PTSD and control groups. The response times were also 
more variable, suggesting difficulty with attentional vigilance. 
Additionally, we found evidence of hemispheric asymmetries 
in attentional performance. Participants with mTBI+PTSD 
were less efficient in orienting visual attention to stimuli 
flashed to the left visual field (LVF), suggesting a right hemi-
sphere deficit. Overall, we found that veterans who had sus-
tained an mTBI and had a coexisting PTSD diagnosis 
displayed longer response times and were less accurate than 
the PTSD and control groups, especially when cues were pre-
sented to the LVF.

Key words: attention, blast event, brain concussion, hemi-
spheric asymmetries, lateralized attention network task, mild 
traumatic brain injury, OIF/OEF veterans, polytrauma, post-
traumatic stress disorder, vision.

INTRODUCTION

Mild traumatic brain injury (mTBI) and posttrau-
matic stress disorder (PTSD) have been named the 
“invisible wounds” of combat-related injury [1]. In addi-
tion, mTBI has been called the “signature injury” of the 
Iraq war [2]. “We are going to have a large population of 
individuals with significant brain impairment who are 
going to have difficulty navigating through every day life,”
said William Perry, president of the National Academy of 
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Neuropsychology [2]. The exact proportion of troops 
who have mTBI is not known, although it has been 
reported to be as high as 18 percent [3]. Many overlap-
ping symptoms are common to traumatic brain injury 
(TBI) and PTSD diagnoses, which causes problems in the 
management of clinical care for veterans returning from 
the wars in Iraq and Afghanistan. Many providers are 
faced with the challenges of treating these veterans who 
have reported dual impairments when they return to civil-
ian life. Recent reports suggest that the rate of PTSD in 
returning Operation Iraqi Freedom (OIF)/Operation 
Enduring Freedom (OEF) veterans is similar to the rate 
of TBI and that 37 to 44 percent of those with a possible 
TBI may also have PTSD [4]. TBI and PTSD share a 
number of nonspecific symptoms, such as concentration 
difficulties, irritability, impaired decision-making abili-
ties, and memory problems [1]. Attention problems are 
also common complaints of TBI and PTSD veterans. In a 
study of 66 TBI patients who had completed tours of mili-
tary duty in Iraq or Afghanistan, more than 50 percent 
reported problems with attention [5]. However, relatively 
few studies of returning veterans with TBI and/or PTSD 
have investigated whether these veterans actually mani-
fest attentional deficits on behavioral measures of atten-
tion. Therefore, the goal of the present study was to use 
an objective behavioral measure of attention to investi-
gate attentional performance in veterans with mTBI and 
PTSD. Many studies have investigated attentional perfor-
mance deficits in patients with TBI [6–11]. But arriving 
at a general conclusion regarding the effects of TBI on 
attentional function is difficult because these studies have 
used patients with different degrees of TBI (mild to 
severe) and injuries of different recency (days to years 
old). Additionally, a wide range of behavioral attention 
tasks has been used to measure a variety of attentional 
functions, including orienting of attention (spatial cueing 
paradigms), maintaining alertness of attention (vigilance 
tasks), and executive mechanisms of attention (selective 
attention tasks). These different types of attentional func-
tioning are considered to involve three networks of atten-
tion, labeled by Fan and colleagues [12] as “alerting,” 
“orienting,” and “executive.” TBI-associated attentional 
deficits that involve sustained attention, or attentional 
vigilance, represent deficits in the alerting network. Prob-
lems shifting spatial attention (e.g., failure to benefit 
from spatial cueing in the classic Posner paradigm) repre-
sent deficits in the orienting network. Problems dividing 
attention in dual-task paradigms and problems selectively 

focusing attention on one task or stimulus and ignoring 
distracting stimuli represent deficits in the executive net-
work. Van Donkelaar et al. used the attention network 
task (ANT) to measure alerting, orienting, and executive 
attentional functions in subjects who had sustained mTBI 
(concussion) from intramural sports or recreational activi-
ties [10]. They tested the participants, who were referred 
within 2 d of the injury, and found that participants with 
mTBI were slower overall than controls in reacting to tar-
get appearance, but also less efficient in orienting atten-
tion to the target and resolving visual conflict between 
the target and distracting flanker stimuli (executive func-
tion). Van Donkelaar et al.’s results indicate that the ori-
enting and executive components of attention were 
negatively affected by concussion; however, the alerting 
component was unaffected [10]. Halterman et al. studied 
the time course of recovery from attentional deficits fol-
lowing mTBI in very recent TBI injuries (less than 2 d) 
and found that mTBI patients performed significantly 
worse than control subjects on measures of the orienting 
and executive functions of attention on the first day of 
testing, but the orienting function returned to control lev-
els within the 30 d test period, whereas the executive 
function did not [13]. No effect was observed for the 
alerting function across the study period. We are aware of 
only one study that has examined hemispheric asymme-
tries in attentional performance among TBI patients, and 
this study used patients with severe TBI [9]. Using a Pos-
ner spatial-cueing paradigm in which spatial cues were 
presented before visual target presentation, the investiga-
tors found that TBI patients were significantly slower to 
shift (orient) attention to the left visual field (LVF), there-
fore indicating a right hemisphere (RH) deficit.

This RH orienting deficit has also been found in 
studies of subjects with attention deficit disorder and also 
nondisabled subjects who self-report high levels of atten-
tion problems in everyday activities [14]. Several studies 
have provided evidence that patients with attention deficit/
hyperactivity disorder (ADHD) exhibit worse attentional 
deficits for visual information presented in the LVF ver-
sus right visual field (RVF), indicating a RH deficit [15–
17]. Furthermore, a recent study found that non-ADHD 
individuals who self-report relatively high levels of atten-
tional problems in everyday activities also exhibit an RH 
deficit in attentional tasks [14]. So, we were interested in 
comparing the performance of mTBI subjects in our sam-
ple who complained of attention problems with the per-
formance of those that did not. We found only a few 
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studies of attentional deficits in mTBI patients whose 
injuries were relatively old (1 to 5 yr). One such study, 
Cremona-Meteyard et al. [7], found persistent deficits in 
orienting visual attention in TBI patients 1–5 yr post injury.

In general, studies of the effects of TBI on attentional 
function do not present an entirely consistent pattern of 
attentional deficits, but more often than not, TBI patients 
perform slower on behavioral tasks [6,10–11]. Addition-
ally but less uniformly, TBI patients sometimes show 
deficits in selective/focused attention (executive func-
tion) depending on the specific task used [10,18–19], 
attentional vigilance (alerting function) with tasks that 
require sustained attention [8,11], and shifting spatial 
attention (orienting function) [7,9–10,13].

Attentional problems are also a common complaint 
of patients with a PTSD diagnosis. Leskin and White 
recently reported on three aspects of attentional network 
efficiency in PTSD [20]. Using the ANT initially devel-
oped by Fan et al. [12], they found that PTSD partici-
pants were slower in responding to incongruent flankers 
but not congruent flankers than were subjects without a 
PTSD diagnosis. These results suggest that PTSD sub-
jects are specifically impaired in inhibiting irrelevant 
information, a function of the executive attentional net-
work. Vasterling et al. studied attention, learning, and 
memory performances of Vietnam veterans with PTSD 
and measured four components of attention: (1) focus-
executive, (2) sustain, (3) shift, and (4) encode [21]. Vast-
erling et al.’s results suggest that veterans with PTSD dif-
fered significantly from those without PTSD on tasks 
measuring focused and sustained attention [21]. PTSD 
veterans responded to fewer correct cognitive perfor-
mance test stimuli and performed less efficiently on the 
digit span subtest.

As mentioned previously, a high percentage of OIF/
OEF troops are diagnosed with PTSD and mTBI. 
Although the exact percentage of comorbidity in veterans 
remains unclear, cognitive, emotional, and behavioral 
functions significantly overlap between the diagnoses. As 
observed by Kennedy et al. [22], with the lack of current 
literature regarding the effect of comorbid mTBI and 
PTSD, we can only speculate about how these two ill-
nesses interact to affect attentional function. Recent stud-
ies have shown that the presence of PTSD appears to 
hinder the recovery from TBI [23]. Also, the areas of the 
brain that appear to be most vulnerable to TBI are also 
the same areas that are related to dysfunction in PTSD 
patients [22]. However, demand is increasing for research 

that investigates the clinical and therapeutic implications 
of a shared diagnosis and how to best treat troops return-
ing from their service. To our knowledge, no study has 
been conducted that investigates attentional performance 
in combat veterans with comorbid mTBI and PTSD. In 
addition, while many studies have shown attentional defi-
cits following TBI, most have studied severe TBI patients 
or mTBI patients with relatively recent injuries; only one 
study we are aware of [9] utilized a method enabling the 
discovery of hemispheric asymmetries in attentional per-
formance. Furthermore, cognitive symptom resolution 
could also present an issue, considering that symptoms 
may have resolved in some mTBI cases but remain in 
others. The present study examines the extent to which 
attentional performance deficits exist in returning veter-
ans from the Iraq and Afghanistan wars with relatively 
older mTBI injuries (2–6 yr) and PTSD comorbidity. 
Since the comorbidity of mTBI and PTSD is common in 
Department of Veterans Affairs (VA) medical centers 
(VAMCs), we decided to compare the attentional perfor-
mance of this mTBI+PTSD patient group with a group of 
returning veterans with PTSD only and a control group of 
nondisabled veterans. Ideally, a cohort of patients with 
mTBI alone was desired for participation in this study; 
however, this was not possible because of the lack of vet-
erans with a sole diagnosis of mTBI at the study site. In 
fact, of the 47 participants recruited for this study, not 1 
had a sole diagnosis of mTBI. Therefore, comparing the 
performance of the mTBI+PTSD group and the PTSD 
group will provide us with the opportunity to distinguish 
between the attentional deficits caused by PTSD versus 
those caused by a dual diagnosis of mTBI+PTSD. We 
will use a lateralized version of the ANT (LANT) as a 
behavioral measure of attentional function. This comput-
erized visual attention task measures the speed and accu-
racy with which subjects can shift attention to locations 
in the visual field (VF) and selectively focus attention on 
target stimuli. The LANT was designed to measure the 
efficiency of the alerting, orienting, and executive atten-
tional networks. Since our method selectively flashes 
stimuli to the RVF and LVF on a given trial, hemispheric 
asymmetries in attentional performance can also be mea-
sured. The results of this study will help to establish 
quantitative profiles of attentional performance in those 
with an isolated PTSD diagnosis versus those with 
comorbidity of PTSD and mTBI.
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METHODS

Participants
A total of 47 combat veterans between the ages of 19 

and 45 who served in OIF and/or OEF were recruited 
from the Charles George VAMC in Asheville, North Car-
olina, to participate in this study. The participants were 
grouped according to diagnosis: (1) 17 were diagnosed 
with PTSD without mTBI, (2) 15 with both mTBI and 
PSTD, and (3) and 15 with neither diagnosis. The partici-
pants had no history of a previous ocular disease or 
ADHD (before military deployment) or active drug/alco-
hol abuse or dependencies. The participants were also 
capable of giving informed consent as determined by the 
investigator’s clinical judgment. Participants were 
screened by examination of their medical record in the 
Computerized Patient Record System (CPRS) to deter-
mine which best met inclusion criteria. Eligibility deter-
mination for using CPRS was approved by the 
institutional review board (IRB). A Waiver of Informed 
Consent for screening through CPRS met approval crite-
ria for 45 CFR 46.116 (d) (1) no more than minimal risk; 
(2) will not adversely affect the rights and welfare of the 
subjects; (3) could not practicably be carried out without 
the waiver; and (4) whenever appropriate, the subjects 
will be provided with additional pertinent information. A 
HIPAA (Health Insurance Portability and Accountability 
Act of 1996) Waiver of Authorization to conduct the study
met approval criteria 45 CFR 164.512 (i)(2)(ii) through 
the IRB and the Office of Research and Development.

Historical diagnoses from the participant’s medical 
record were used to identify an mTBI and/or PTSD diag-
nosis. The key factors in diagnosing a case of mTBI 
include an injury event, such as a blow to the head, which 
causes an alteration of consciousness. The Defense and 
Veterans Brain Injury Center (DVBIC) has devised a 3-
question DVBIC TBI screening tool to help identify vet-
erans who may be experiencing a TBI. A patient screens 
positive if he or she endorses an injury (Question 1), as 
well as an alteration of consciousness (Question 2 A–E). 
The mTBI screen alone does not provide a diagnosis of 
mTBI. If after a clinical interview the veteran screens 
positive, he or she is offered a comprehensive evaluation 
by a Component II or a Component III polytrauma team. 
These teams conduct a more thorough neuropsychologi-
cal evaluation to determine whether the veteran has 
mTBI. The diagnosis of mTBI in our subjects was based 
on second-level evaluations from a Component II or III 
polytrauma team. A diagnosis of PTSD at a VAMC is 

similar to the TBI screen. A veteran is asked a series of 
questions at his or her initial appointment. The following 
healthcare providers can perform initial examinations for 
PTSD: board-certified psychiatrist, licensed doctorate-
level psychologist, doctorate-level mental health pro-
vider, psychiatry resident, or clinical psychologist com-
pleting a 1-year internship or residency. If the veteran 
screens positive, he or she is offered a clinical interview 
in which the mental health professional determines 
whether the veteran meets criteria that conform to the 
diagnostic criteria established in the Diagnostic and Sta-
tistical Manual of Mental Disorders, 4th edition, Text 
Revision [24]. The diagnosis of PTSD in our participants 
was based on a clinical evaluation by a mental health pro-
fessional. The participant’s most recent depression 
screen, the Patient Health Questionnaire-2 (PHQ-2), was 
also reviewed. The PHQ-2 asks two questions: (1) whether
the patient has had little interest or pleasure in doing 
things and (2) whether the patient has been feeling down, 
depressed, or hopeless over the past 2 wk. The PHQ-2 is 
used not to diagnose depression but rather to screen for 
depression and determine the frequency of recent 
depressed mood. The scores range from 0 to 6; if the score
is 3 or higher, it indicates a positive screen and suggests 
the need for further evaluation. Because the PHQ-2 is a 
depression screen and not a depression measure, the par-
ticipant groups are not comparable in depression severity.

Participant inclusion criteria included combat veter-
ans who had served in OIF and/or OEF; were between 
the ages of 19 and 45; and had a diagnosis of mTBI and 
PTSD, PTSD only, or neither. Exclusion criteria were 
active drug/alcohol abuse or dependence, prior diagnosis 
of an ocular disease, or prior diagnosis of an attention 
disorder. All the participants in the mTBI+PTSD and 
PTSD groups were actively engaged in rehabilitation and 
treatment at the time of this study. The participant’s age, 
sex, most recent depression screen, duration of diagnosis, 
and type of blast exposure were also examined to deter-
mine whether the groups were comparable with respect 
to these variables. Table 1 summarizes the characteristics 
of participants in this study. All three groups were statis-
tically similar in regards to participant characteristics.

Instruments
The LANT is a modified version of the original ANT 

developed by Fan et al. [12]. This task has been proven
to be a useful tool in attention research because of its 
simplicity and reliability [12]. The LANT presents stim-
uli selectively to either the LVF (RH) or RVF (left
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Characteristic
Group

mTBI+PTSD PTSD only Control
Age (yr) 30.41 ± 8.60 28.33 ± 4.67 29.00 ± 4.29
PHQ-2 Depression Negative Score 12 (71) 11 (73) 15 (100)
Time Since PTSD Diagnosis (mo) 18.35 ± 15.75 12.07 ± 8.39 —
Time Since mTBI (mo) 48.65 ± 15.74 — —
No. of Blasts 1.65 ± 0.79 — —
Type of Blast Event*

   Primary 23 (82) — —
   Secondary 3 (11) — —
   Tertiary 2 (7) — —

hemisphere [LH]). The targets are preceded by one of 
four cue types: no cue, valid spatial cue (presented at the 
location of the upcoming target), central cue, and double 
cue (presented at the two possible locations of the target). 
Subjects are instructed to fixate on a centrally located 
crosshair in the middle of the display screen and remain 
alert to the presentation of the spatial cues and target. 
Upon presentation of the target, the subject’s task is to 
respond as rapidly as possible as to the orientation of the 
target (up or down). Each target is accompanied by flanker
arrows that point either in the same direction as the target 
(congruent) or in the opposite direction (incongruent).

Following the standard approach [12], three metrics 
were calculated to measure the efficiency of the alerting, 
executive, and orienting networks. The efficiency metric 
for the alerting network was calculated by subtraction of 
the mean response time (RT) for the double cue condition 
from the no cue condition. The orienting efficiency metric
was determined by subtraction of the mean RT for the 
spatial cue condition from the mean RT for the center cue 
condition. And the executive metric was calculated by 
subtraction of the mean RT for congruent flanker trials 
from the mean RT of incongruent flanker trials. In sum-
mary, the following formulas were used to calculate effi-
ciency metrics for the three attention networks:

            Alerting Metric = RTno cue – RTdouble cue             (1)

        Orienting Metric = RTcenter cue – RTspatial cue            (2)

Executive (Conflict) Metric = RTincongruent flanker – RTcongruent flanker (3)

Apparatus and Stimuli
The experiment was conducted in an examination 

room at a military medical center. The stimuli were pre-
sented on a Dell (Round Rock, Texas) Inspiron 1525 
computer attached to a 19 in. 1703FPs Dell monitor with 
a refresh rate of 60 Hz and a resolution of 1,280 ×
1,024 pixels. Participants viewed the screen from a dis-
tance of 65 cm and responses were collected from a Dell 
keyboard placed in front of the participants at midline. 
Participants were instructed to focus on the crosshair 
symbol that appeared in the center of the screen at the 
beginning of each trial, maintain fixation there through-
out the trial, and to respond as quickly as possible while 
being reasonably sure that the response was accurate.

Target and associated flanker arrows pointed up or 
down and were presented to the right or left of the partici-
pant’s fixation (Figure 1). The stimulus array (i.e., target 
and flanker arrows) spanned 2.9 of visual angle and 
each arrow was 0.5 long and 0.07wide. The head of the 
arrow was 0.15 long and wide. There was a 2.2 dis-
tance between the target and the fixation crosshair. Tar-
gets were preceded by one of four cue conditions: no cue, 
spatial cue (presented at the location of the target), cen-
tral cue (presented at the fixation point), and double cue 
(presented at the two possible locations of the target). 
Stimuli consisted of a row of five vertical black lines 
with arrowheads pointing upward or downward against a 
white background. The central target arrow was flanked 
above and below by two arrows in the same direction 
(congruent flankers), two arrows in the opposite direction 
(incongruent flankers), or line segments with no arrow 
head (neutral flankers). The sequence of events for each 

Table 1.
Characteristics of participants in study (n = 47) with both mTBI and PTSD (mTBI+PTSD), PTSD only, or neither (control). Data shown as mean ±
standard deviation or n (%).

*Primary = injury caused by blast overpressure, secondary = injury caused by bomb fragment, tertiary = injury caused by displacement of air from explosion.
mTBI = mild traumatic brain injury, PHQ-2 = Patient Health Questionnaire-2, PTSD = posttraumatic stress disorder.
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Figure 1.
Visual stimuli and timeline of attention network task stimulus sequence.

trial began with the fixation point (ranged from 500 to 
1,200 ms), followed by one of the cue types (presented as 
a red asterisk symbol for 100 ms), a 150 ms delay, and 
then the target and flanker stimuli (300 ms). The target 
array was presented in the LVF and RVF on 1/2 the trials. 
Likewise, the orientation of the target arrow was equally 
divided between up and down across trials, 1/4 of the tri-
als presented each of the four cue types (no cue, central 
cue, double cue, and spatial cue), and 1/3 of the trials pre-
sented each of the flanker types (congruent, incongruent, 
neutral). The order of cue type  VF  target orientation 
flanker type combinations was uniquely randomized for 
each participant, yielding a total of 96 trials per participant.

Procedure
Participants completed two screens measuring vision 

and attention. Additionally, they were asked whether they 
were experiencing any problems with vision or attention 
after returning from deployment. A thorough examina-
tion of the participants’ visual functioning was measured 
to determine whether they had any ophthalmic impair-
ment, i.e., diplopia or low visual acuity, that would inter-
fere with the attention screen. During the visual screening 
process, the participants’ visual acuity was measured 
using Snellen notation and intraocular pressure was 
obtained by air tonometry. The participants’ current pre-
scription was assessed, and they were refracted to their 
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best visual acuity. All participants who participated in the 
study had a best corrected visual acuity of 20/30 or better 
with both eyes at distance and near. The vision screen 
was followed by the LANT. Before the task, the direc-
tions were explained to the participants, informing them 
to maintain fixation on the centrally located fixation 
cross and to try and remain alert throughout the trials. 
They were informed that the goal was to determine the 
orientation of the central target arrow (up or down) and 
press the corresponding arrow on the keyboard as quickly 
as possible. Participants were instructed to place their left 
index finger on the “up” arrow key and their right index 
finger on the “down” arrow key. Participants were ini-
tially administered a 12-trial practice block in which they 
received immediate feedback for their accuracy. Follow-
ing the practice block, the participants were administered 
the experimental block of the LANT (96 trials). The 96 
trials were uniquely randomized for each participant and 
did not give any visual feedback. To address possible 
problems with fatigue, participants were advised that 
they could take a break during the trials of the LANT and 
should tell the study coordinator if they needed one. They 
were also given a break after the trial block was adminis-
tered. RT and response accuracy were the dependent vari-
ables. We also calculated and analyzed the three metrics 
of attentional network efficiency following Fan et al.’s 
[12] approach.

RESULTS

Mean RT, response accuracy, and the RT standard 
deviation (SD) values are presented in Table 2 and Fig-
ure 2. RT SD measures the intrasubject variability of RT 
across the trials of the LANT. We performed a mixed 
two-way analysis of variance (ANOVA) on these three 
measures, with patient group (mTBI+PTSD, PTSD, con-
trol) and VF (LVF, RVF) being the independent variables. 
Patient group had main effects on RT (F (2, 44) = 6.9, p = 
0.002; 2 = 0.25) and intrasubject variability of RT (F (2, 
44) = 3.8, p = 0.03; 2 = 0.17). Post hoc analyses 
revealed that the mTBI+PTSD group’s performance for 
each of these metrics was significantly worse than both 
the PTSD and control groups’ performances (all type I 
probabilities for these analyses were < 0.05), but no dif-
ferences were found between the PTSD and control 
groups. The patient group factor did not have a signifi-
cant effect on performance accuracy (F (2, 44) = 2.2, p = 
0.13), although the pattern of accuracy score was consis-
tent with the other measures, showing poorer perfor-
mance for the mTBI+PTSD group (Figure 2). VF did not 
have a significant effect on any of the metrics, and no 
interaction was found between VF and patient group.

In order to determine the effects of VF and patient 
group factors on the three attentional functions measured 
by the LANT, we performed three separate ANOVAs on 
the alerting, orienting, and executive metrics of attention 
using VF and patient group as the independent variables. 
A significant VF  patient group 

Variable
Mean

LVF RVF Combined
Response Time (ms)

mTBI+PTSD 989 982 1,971
PTSD 778 755 1,533
Control 668 660 1,328

Accuracy (% Correct)
   mTBI+PTSD 80.1 80.4 80.3
   PTSD 85.6 84.8 85.2
   Control 88.1 88.9 88.5
Intrasubject Response Time SD (ms)
   mTBI+PTSD 476 530 1,006
   PTSD 379 288 667
   Control 221 221 442

interaction was found 

Table 2.
Average response times, accuracy scores, and response time SD for participants with both mTBI and PTSD (mTBI+PTSD), PTSD only, or neither 
(control).

LVF = left visual field, mTBI = mild traumatic brain injury, PTSD = posttraumatic stress disorder, RVF = right visual field, SD = standard deviation.
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for the orienting metric (F(1, 44) = 3.14, p = 0.05; 2 = 
0.14). mTBI+PTSD participants exhibited no RT benefit 
of spatial cues presented in the 

Figure 2. 
(a) Average response accuracy, (b) response time, and (c) intra-

subject variability in response time for mild traumatic brain injury 

(mTBI) + posttraumatic stress disorder (PTSD), PTSD only, and 

control groups.

LVF but a substantial bene-
fit in the RVF (Figure 3); 

Figure 3.
Orienting efficiency. Response time benefit of preceding target 

with spatial cue for mild traumatic brain injury (mTBI) + posttrau-

matic stress disorder (PTSD), PTSD only, and control groups.

the PTSD group exhibited the 
opposite asymmetry, showing more benefit in the LVF 
than RVF (p 0.05 for pairwise comparisons). This find-
ing suggests that mTBI+PTSD participants had more dif-
ficulty covertly shifting attention to the LVF using RH 
mechanisms, whereas the PTSD participants had more 

difficulty shifting attention to the RVF using LH mecha-
nisms. We found no main or interaction effects for the 
alerting and executive metrics of attention.

Before the study onset, we asked the participants 
whether they had noticed any problems with attention or 
concentration following the traumatic event. Based on their
answers, we grouped the participants into two categories: 
no complaint and complaint. Similar to the Lew et al. study 
[5], 47 percent of the veterans self-reported attentional 
problems in everyday activities. We found a significant 
VF  patient group interaction effect on accuracy scores 
(F (1, 14) = 11.0, p = 0.005; 2 = 0.44), indicating that 
that participants who complained of attention problems 
performed significantly worse than the no-complaint
participants when stimuli were projected to the LVF, sug-
gesting an RH performance deficit (Table 3, Figure 4). 
The RT measure showed the same pattern of performance 
(F(1,14) = 4.4, p = 0.056; 2 = 0.24): the complaint par-
ticipants were slower to respond than the no-complaint 
participants, but only when stimuli were presented in the 
LVF.

DISCUSSION

While our study did not reveal any significant differ-
ences in attentional performance between PSTD participants 
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and control subjects, clear trends in the data showed that 
PTSD participants were somewhat slower, less accurate, 
and more variable in RT from one trial to the next than 
controls (Figure 2). These trends are consistent with 
other studies showing attentional deficits with PTSD 
[20–21,25–26]. Consistent with prior studies [6,9–10], 
attentional performance was substantially slower and less 
accurate for mTBI+PTSD participants than for the other 
participant groups (Figure 2). We also observed substan-
tial individual differences in performance across partici-
pants in the mTBI+PTSD group. Some mTBI+PTSD 
participants performed equal to or better than the control 
group as a whole, while others performed substantially 
worse. We speculate that this high variability might be 
related to large individual differences associated with 
mTBI. These differences may include size of blast, prox-
imity of blast, type of blast, and length of time since 
injury. The intrasubject variability of mTBI+PTSD par-
ticipant responses was also substantially higher than for 
the PTSD and control groups (Table 2, Figure 2). This 
could indicate that the mTBI+PTSD group had trouble 
maintaining attentional focus and, as a result, manifested 
substantial lapses of attention across trials of the LANT, 
which caused a large variability in RTs. The significantly 
slower attentional performance of mTBI+PTSD partici-
pants and their more variable RTs might be related to 
reduced information-processing speed, thought to be 
caused by diffuse axonal injury [27]. Attentional dysreg-
ulation may also be due to the synergistic effects of both 
mTBI and PTSD. Additionally, we did not measure 
PTSD symptom severity at the time of testing, which 
could indicate that the variability in the mTBI+PTSD 
group could be due to group differences in PTSD severity 
and not mTBI.

Group
Mean  Standard Deviation 

% Correct
LVF RVF

Did Not Report Attention 
Problems

83.3  12.0 79.1  12.0

Reported Attention Problems 69.1  19.0 75.0  23.0

The orienting component of attention involves the 
ability to spatially disengage the focus of attention from 
one spatial location and shift to another location. Numer-
ous studies have found that when a spatial cue to target 
location is presented just before the onset of the target 
stimuli, RTs are faster than without a spatial cue, presum-
ably because the respondent is able to covertly disengage 
and shift attention to the target location before its appear-
ance, thus speeding the analysis 

Figure 4.
Response accuracy for participants with mild traumatic brain 

injury who self-reported attentional complaints versus those 

who did not report such complaints.

of target information. In 
our study, we found that the mTBI+PTSD group took 
significantly longer and was less accurate than the PTSD 
and control groups when a spatial cue and target were 
presented to the LVF, presumably indicating they were 
less efficient in disengaging and shifting spatial attention 
to the LVF (thus indicating an RH deficit in orienting 
attention). Our finding that mTBI affects the orienting 
function of attention is consistent with several other stud-
ies. In a study involving civilian patients who had experi-
enced a concussion, Van Donkelaar et al. measured 
attentional deficits with the ANT [10]. Their results sug-
gested that the orienting and executive components of 
attention were the most susceptible to the effects of con-
cussion, while the alerting component remained intact. 
They also found overall slower RTs and poorer accuracy 
for TBI patients, similar to the results of our study. While 
our results were not significant, the pattern of data we 
observed for this metric was consistent with Van Donke-
laar et al.’s [10] finding (RT cost of incongruent flankers 

Table 3.
Lateralized attention network task accuracy scores (% correct) for 
participants with both mTBI and PTSD diagnoses.

LVF = left visual field, mTBI = mild traumatic brain injury, PTSD = posttrau-
matic stress disorder, RVF = right visual field.
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in our study was 145 ms for mTBI+PTSD group and 73 ms
for controls). In another study, Pavolvskaya et al. also 
found that TBI patients exhibited a significant asymme-
try in orienting attention [9]. Specifically, they were less 
efficient at shifting their visual attention to the LVF. We 
observed the same pattern in our study, in so far as the 
metric measuring orienting efficiency was substantially 
smaller in the LVF than the RVF for mTBI+PTSD partici-
pants. The PTSD group in our study exhibited the oppo-
site asymmetry in orienting attention, showing 
substantially better performance in the LVF than RVF. 
This finding suggests that while mTBI+PTSD partici-
pants had more difficulty shifting attention to the LVF 
using RH mechanisms, the PTSD participants had more 
difficulty shifting attention to the RVF using LH mecha-
nisms. The latter asymmetry observed with the PTSD 
participants is consistent with the results of another study 
of Vietnam veterans diagnosed with PTSD [17]. In that 
study, subjects were required to attend to global versus 
local aspects of stimulus patterns; the PTSD subjects 
were found to be significantly slower in identifying local 
versus global targets, whereas the control subjects were 
faster in identifying local targets. Given that the RH tends 
to be specialized for global perception and the LH for 
local perception, the results provide at least partial sup-
port for the hypothesis of an LH deficit in PTSD. This 
hypothesis is also supported by other behavioral studies 
and brain imaging studies indicating hypoactivation of 
the LH in PTSD [28–29]. The observation that the 
mTBI+PTSD participants and the PTSD participants 
exhibited different hemispheric asymmetries in orienting 
attention suggests that mTBI was the dominating morbid-
ity driving the RH attentional deficit in the mTBI+PTSD 
group. However, we can only speculate that the mTBI 
caused the hemispheric asymmetry, given the lack of an 
isolated mTBI group.

While other studies involving PTSD subjects have 
shown attentional deficits [20–21,26], we found no major 
differences between military PTSD subjects and controls 
in our study on behavioral measures of attention. We 
were unable to replicate the findings of Leskin and 
White’s study that suggested that PTSD participants were 
slower in responding to cues presenting conflicting infor-
mation, the executive network, when compared with non-
PTSD participants [20]. One of the reasons for this differ-
ence may have been that we did not measure current 
PTSD symptom severity in our study. Leskin and White 
noted that elevated PTSD symptoms produced an effect 

on ANT measures of executive functioning [20]. PTSD 
participants were slower at responding to cues that pre-
sented conflicting stimuli. We may have been unable to 
replicate Leskin and White’s [20] findings that higher 
PTSD symptom severity may be associated with execu-
tive function deficits because our participants were 
actively engaged in treatment and rehabilitation and, 
thus, not experiencing elevated PTSD symptoms. How-
ever, we can only speculate this was the cause because 
we did not measure current PTSD symptom severity.

Nearly half our mTBI+PTSD cohort self-reported 
attentional problems in everyday activities in their pre-
experiment interview. When we compared performance 
on our behavioral measures of attention between those 
participants reporting attentional problems versus those 
not reporting such problems, we found an interesting 
hemispheric asymmetry. Participants reporting attention 
problems performed significantly worse in the LVF than 
participants not reporting attention problems, suggesting 
an RH attention deficit (Figure 4). These results are con-
sistent with Poynter et al.’s study [14], which showed that 
nondisabled subjects who self-reported relatively high 
levels of attention problems on the Conner’s ADHD 
scale performed significantly worse on two behavioral 
measures of attention when stimuli were presented in the 
LVF versus RVF. This result was most prominent in the 
condition with spatial cues, indicating that deficits in ori-
enting attention to the LVF (using RH mechanisms) tend 
to correlate with self-rated attention problems. This RH 
deficit has been documented in various studies of ADHD, 
and right parietal lobe damage is widely documented to 
produce more severe attentional neglect than left parietal 
lobe damage [30–32]. Our results and those of Pavlovs-
kaya et al. [9] provide initial evidence that at least sub-
groups of mTBI+PTSD patients might have dysfunctions 
of the RH parietal lobe and prefrontal cortex, based on 
brain imaging studies of anatomical loci involved in the 
orienting of visual attention [33].

Properly diagnosing and determining the proper clini-
cal care and treatment for our servicemembers who have 
experienced mTBI are challenging for several reasons. 
Initially, blast-related mTBI does not manifest observable 
neuroanatomical lesions because injury is diffuse and 
does not selectively injure a specific region of the brain. 
Also, most of the current literature pertaining to mTBIs is 
civilian related. Can you adequately compare the civilian-
versus combat-related mTBI literature? Combat-related 
mTBI might be considered different from sports-related 
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or fall- and/or accident-related head injury because of the 
context of the injury (e.g., blast event vs car accident) 
and the damage of injury (e.g., diffuse vs localized). The 
extent of differences/similarities in cognitive dysfunction 
related to civilian- versus combat-related mTBI is not 
well understood; however, the results of our study sug-
gest substantial similarities in attentional performance 
deficits. Overall, considering the high comorbidity of 
mood and anxiety disorders with mTBI and the lack of 
evidence suggesting the long-term cognitive deficits fol-
lowing mTBI, attributing any of the results of our study 
to an isolated diagnosis of mTBI is difficult; rather, our 
results contribute to the literature regarding the effect of 
comorbid diagnoses of mTBI and PTSD on behavioral 
measures of attention.

Regarding rehabilitation and clinical care of our vet-
erans who have a diagnosis of mTBI+PTSD, some stud-
ies [34] have suggested the need for long-term 
intervention with patients after a TBI. Olver et al. exam-
ined long-term outcomes of individuals with a TBI fol-
lowing discharge from a rehabilitation program [34]. The 
results of their study indicate that 5 yr after completing 
the rehabilitation program, individuals with TBI were 
still experiencing neurological symptoms; problems with 
mobility, independence in activities of daily living pro-
ductivity, and relationships; and cognitive, behavioral, 
and emotional changes. Olver et al.’s [34] results suggest 
the need for perhaps lifelong intervention following TBI. 
Consistent with the results from their study, we found 
that the attentional effects of mTBI are still present years 
after the event. The long-term functional outcomes asso-
ciated with mTBI can be complex and challenging in 
regard to rehabilitation and clinical care. The results of 
our study, as well as Olver et al.’s [34], suggest that 
patients who have sustained a TBI may still experience 
symptoms years after the event. With respect to clinical 
care, these patients should be monitored over an extended 
period of time and clinicians should view the diagnosis as 
a potential long-term disability. However, more literature 
is needed to address the average recovery time of TBI 
compared with mTBI to determine whether the rehabili-
tation and clinical care needed significantly differ. In 
addition, the observations made in this study were seen 
only among veterans with mTBI and PTSD and it is 
unclear whether the subtle attentional impairments are 
due to the neurological or psychiatric issues. Overall, 
these results may help update rehabilitation approaches 
and development of interventions and guide future 

research related to individuals who have sustained an 
mTBI and PTSD.

LIMITATIONS OF STUDY AND IMPLICATIONS 
FOR FUTURE RESEARCH

The large variability in attentional performance 
within the mTBI+PTSD group might be explained by 
several factors. We had no measure of premorbid atten-
tional function, so some of the mTBI+PTSD veterans 
may have exhibited slower and less accurate attentional 
performance before their blast event. In addition, the 
exact time line regarding the changes in neuropathology 
recovery after mTBI is unclear. Research suggests that 
the progression of recovery may range from days to 
months after exposure to a blast event [35]. However, 
some symptoms may remain years after the event. Within 
our mTBI+PTSD sample, exposure to the blast event 
occurred between 2 and 7 yr before the testing. This wide 
range of recovery time after injury may help to explain 
the variability in attentional performance with the military
TBI patient population. The severity of the blast event 
also needs to be considered when working within this 
population. The VA and Department of Defense define 
blast events as primary, secondary, tertiary, and quater-
nary. Blast events can occur from the overpressure postex-
plosion or from direct impact to the head. The etiology of 
the injury also ranges from improvised explosive devices 
to mortar, shrapnel, grenade, and vehicular. Further 
investigation that distinguishes attentional performance 
between these types of head injuries is needed. Further-
more, the non-mTBI groups may have experienced a pre-
deployment TBI. The DVBIC TBI screening tool asks 
questions that specifically pertain to injuries that 
occurred during deployment. Because nonmilitary TBIs 
were not assessed, this could be another potential limita-
tion of the study. Patients with mTBI are also often pre-
scribed certain medications that help alleviate the side 
effects common to injury. For example, Topamax is often 
given for relief of migraines. The degree to which these 
medications might affect attentional function is unclear. 
The individuals with coexisting diagnoses of PTSD and 
mTBI may also exhibit greater severity of PTSD than 
those with PTSD only. PTSD symptoms were not mea-
sured at the time of testing in our study, so we are unable 
to determine the effect of mood and symptom severity
on attention. Thus, there may have been potential group 
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differences in attentional performance related to symp-
tom severity. Future studies in which a group of subjects 
with a sole diagnosis of mTBI is used and in which 
symptom severity of PTSD is measured at testing would 
be beneficial to attentional research. Considering the high 
intrasubject variability found in the mTBI+PTSD group, 
these differences may be expected based on the rehabili-
tation status of each participant. Although all the partici-
pants in the PTSD and mTBI+PTSD groups were 
actively receiving treatment at the time of the study, some 
patients may not adhere to rehabilitation regimens and 
recommendations. In effect, the results may have been 
influenced by the difference in rehabilitation status 
within our patient population. Another potential limita-
tion is that the groups may have varied in level of depres-
sion. The PTSD and mTBI+PTSD groups were the only 
participants that endorsed depressive symptoms as mea-
sured by the PHQ-2. However, depression level was not 
measured, which could have also influenced our findings.

Although a diagnosis of ADHD was an exclusion cri-
terion for our study, 3 of the 17 mTBI+PTSD patients 
were recently diagnosed with an attentional impairment. 
These patients observed no attentional problems before 
their blast event. Clinical implications need to be consid-
ered when diagnosing these individuals with ADHD. 
Future research is needed to investigate the attentional 
complaints that differentiate mTBI from ADHD for opti-
mal rehabilitation and medical care. The large intrasu-
bject variability in attentional performance among our 
mTBI+PTSD group perhaps indicates that these partici-
pants experienced lapses of attention or were more easily 
distracted than the PTSD or control participants. Consis-
tent with this idea, Segalowitz et al. concluded that vari-
ability in attention task RT is the most valid measure of 
TBI patients’ ability to sustain attention and that TBI 
patients exhibit an inability to maintain focus throughout 
the duration of attention tasks [36]. Future studies using 
larger mTBI sample sizes and more sensitive attentional 
measures of the alerting, orienting, and executive net-
works of attention may contribute to a better understand-
ing of the effects of mTBI on attentional function, 
hemispheric asymmetries in these effects, and the time 
course of recovery from mTBI injuries.

CONCLUSIONS

This study examined the attentional effects of mTBI 
and PTSD in a U.S. military veteran cohort to help guide 
clinical care and rehabilitation practices. As for attentional
abilities, we conclude that a diagnosis of mTBI+PTSD 
does cause impairment in attentional function, in some 
cases years after the date of the injury. In regard to clini-
cal care, our results indicate that rehabilitation practices 
should consider a diagnosis of mTBI+PTSD as a possible 
long-term injury. In addition, it remains unclear whether 
our findings were due to the neurological or psychiatric 
impairments within this population. Consistent with a 
number of previous studies, we found that our group with 
a diagnosis of mTBI+PTSD was substantially slower and 
more variable in its attentional responses. Additionally, 
we found partial evidence for hemispheric asymmetry in 
attentional function following combat-related TBI and 
PTSD, with mTBI+PTSD participants showing greater 
deficits in RH function and PTSD only participants show-
ing greater deficits in LH function.
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