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The purpose of this study is to examine the structure of neurobehavioral symptoms in 

service members with physical and/or psychological trauma to determine the diagnostic 

specificity of these symptoms.  Previous literature has demonstrated that orthopedic injured, mild 

traumatic brain injury (MTBI), and healthy controls shared similar levels of postconcussive 

symptom complaints, which suggest that postconcussion-like symptoms are not unique to MTBI.  

To the best of my knowledge, this is the first study examining this phenomenon in a sample of 

recently redeployed service members.  Dimensional analysis of the PCL-C and NSI using SEM 

did not produce a model that was consistent with previous literature and principle component 

analyses did not produce a simple solution for posttraumatic stress or neurobehavioral 

symptoms.  Thus, the study does not provide evidence for construct validity for either 

instrument.  Implications for these findings are that clinicians need to be aware that these 

instruments may not be measuring coherent constructs within this population as purported and 

should judiciously interpret and report the results of these instruments.   
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CHAPTER 1  

INTRODUCTION 

Posttraumatic Stress and Neurobehavioral Symptoms 

According to the Defense Veterans Brain Injury Center 2011 third quarter statistics, 

about 229,106 service members have experienced a traumatic brain injury (TBI) with 175,674 

being classified as mild traumatic brain injury (MTBI) since the start of the Global War on 

Terrorism started in 2001.  In terms of civilian sector, each year an estimated one million people 

in the United States sustain a traumatic brain injury and about “80 percent of these injuries are 

classified as mild” (Belanger, Vanderpleog, Curtiss, & Warden, 2007, p. 5).   

The impact of receiving a blast-concussion ranges from no impact to being medically 

evacuated for the rest of the deployment.  At a minimum, those who receive a Grade 1 

concussion typically continue the combat mission after receiving a concussion and do not go to a 

medical facility to participate in receive treatment.  Those with a Grade 2 concussion also 

continue the combat mission, but some are prescribed headache medication; headache is one of 

the most common persistent symptoms following blast-concussion. Grade 3 concussions 

typically have symptoms that last longer than 24 hours and are likely to receive 24 to 48 hours of 

quarters/bed rest (no duty) and have to be medically cleared before allowed to go back to work.  

Those who are medically evacuated have typically received multiple concussions during a 30-

day timeframe and present with significant psychiatric symptoms outside of the acute recovery 

phase.  When a soldier is medically evacuated the unit loses manpower to cover an area of 

responsibility and loses firepower that could have been used during engagements.  So, in 

addition to the health impact, these injures impact the warfighting capabilities of deployed units.  
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Overlapping and Controversial Diagnoses 

The Global War on Terrorism has brought to the forefront the issue of the relation 

between mild traumatic brain injury (MTBI) and combat-induced posttraumatic stress disorder 

(PTSD).  The two are related because of the similarities in how soldiers incur MTBI and/or 

PTSD.  Soldiers are frequently exposed to concussive blasts related to improvised explosive 

devices (IED).  In and of itself, being exposed to an IED blast meets the Diagnostic and 

Statistical Manual of Mental Disorders-Fourth Edition-Text Revised (DSM-IV-TR) Criterion A1 

for PTSD and can potentially cause MTBI due to concussive blast.  An IED, an iconic part of the 

Global War on Terror, typically produces a blast injury.   

Ruff, Levin, and Marshall (1986) suggested that post-concussional symptoms occur along 

three dimensions; somatic, cognitive, and affective.  Somatic symptoms include headache, 

dizziness, vision difficulty, and deficits in balance and motor functioning.  Neurocognitive 

sequelae consist of deficits in attention/concentration, memory, cognitive processing speed, and 

both simple as well as complex reaction time (Bleiberg et al., 2004; Arciniegas, Anderson, 

Topkoff, & McAllister, 2005).  Typical affective symptoms include anxiety, depression, 

irritability, and mood swings.  

The explosion produced by an IED generates a wave of over-pressurized air, which can 

produce brain injury.  As of now, it is not known whether the effects of blast injury on the brain 

are related to mechanical effects of the over-pressurized wave, the inertial effects of alternating 

high and low pressure, or some other mechanism.  Furthermore, it is not known whether the 

diagnosis and assessment of TBI severity associated with a blast injury differs from the blunt 

force trauma associated with other injuries, such as motor vehicle accident.  A fluid percussion 

model of brain injury, similar to an IED related concussive blast, has been studied in animals and 
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used to hypothesize changes in people with MTBI.  “Human blast injury studies in organs other 

than the brain have shown that at least two atmosphere percussion waves in the fluid media of 

the brain can produce MTBI findings similar to findings in animal studies” (Trudeau et al., 1998, 

p. 309).  Over-pressure waves have been associated with producing diffuse axonal injury (DAI) 

via rapid acceleration and declaration (coup-countercoup).  DAI is associated with the shearing 

or damaging of axons that project from the brain stem.  If the coup-countercoup action is severe 

enough it can cause a loss of consciousness (LOC).  When LOC is experienced a soldier can 

further harm the brain by making significant contact with a physical object such as a weapon, 

vehicle structure, or the ground as he or she falls. 

Situations that expose a service member to an IED, whether or not it produces a TBI, can 

lead to posttraumatic stress disorder (PTSD).  PTSD is an anxiety disorder with four major 

criteria: 1) exposure to or the witnessing of a traumatic event in which a person experiences an 

intense fear, 2) symptoms of reexperiencing, 3) avoidance of thoughts, feelings, or reminders of 

the trauma, and 4) increased arousal as denoted by hypervigilance, irritability or sleep 

disturbances.  These symptoms must cause clinically significant impairment for at least one 

month.  Beyond one month, PTSD can be labeled as acute if the symptoms persist for less than 

three months. If symptoms persist beyond three months the diagnosis is considered chronic.  A 

final qualifier that can be applied to the diagnosis of PTSD pertains to delayed onset.  This 

occurs when the symptoms first appear at least six months after the traumatic event.  The 

following is an example of an event involving an IED that may produce PTSD: explosive 

ordnance disposal (EOD) personnel are typically called to do route clearance in which they do 

not know whether there is an IED on the route.  Once they find one, they do not know whether it 

is victim activated or remotely activated or whether it will explode at all.  Conducting this 
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mission meets PTSD Criteria A1 and A2 because the service member is confronted with an event 

that involves actual or perceived threat to their physical integrity and can involve intense fear or 

horror.  It is my observation that medical personnel or chaplains responding to an IED post-

explosion typically experience helplessness in response to this situation and frequently 

experience guilt each time they re-experience the event.  Similarly, I have observed that it is also 

common for vehicle drivers (logistic personnel) who pass an IED during a LOGPAC mission 

during which they cannot stop to render aid, to later feel guilty about not rendering aid each time 

they re-experience the trauma.  My final observation is that it is common for deployed service 

members to avoid going to public places like Wal-Mart or to become hyperaroused/hypervigilant 

when driving down the highway while back in the States.   

PTSD is amongst the most controversial diagnoses included in the DSM-IV-TR (Spitzer, 

First, & Wakefield, 2007; Gold, Marx, Soler-Baillo, & Sloan, 2005; Boals & Schuettler, 2008).  

The controversy with PTSD revolves around the boundaries of the disorder, diagnostic criteria, 

central assumptions, clinical utility, and prevalence in various populations (Spitzer, First, & 

Wakefield, 2007).  Gold et al. (2005) and Boals and Schuettler (2008) arrived at conflicting 

results when looking at the importance of Criteria A1 and A2 in defining PTSD.  Gold et al. 

(2005) reported that higher levels of PTSD symptoms were associated with non-traumatic events 

than traumatic events when scoring results were based on classification by coders.  On the other 

hand, Boals and Schuettler (2008) found that PTSD symptoms were more associated with 

traumatic events than non-traumatic events when scoring results were based on participants’ 

ratings.  Further Boals and Schuettler (2008) reported that Criterion A1 had a minimal relation to 

PTSD symptoms when A2 was considered.  These two conflicting studies bring in to question 

the validity of Criteria A1 and A2 in diagnosing PTSD. 

4 



Overlapping symptoms between MTBI and PTSD can complicate the differential 

diagnosis process and led clinicians to wonder whether they should ascribe a person’s clinical 

presentation to a diagnosis versus dually-diagnosing.  The lack of agreement in the research 

community regarding which specific PTSD and MTBI symptoms overlap further complicates 

diagnosis (Kennedy et al., 2007, Stein & McAllister, 2009).  DVBIC considers depression, 

anxiety, and attention difficulties as overlapping symptoms.  Depression, anxiety, and sleep are 

non-neuropsychological overlapping symptoms of postconcussional syndrome (PCS) and PTSD 

that the ICD-10 and DSM-IV-TR agree upon.  The Veterans Administration considers 

concentration difficulty, sleep difficulty, irritability, and social withdrawal as overlapping 

symptoms.  Further complicating the differential diagnosis process is the overlapping symptoms 

between anxiety and major depression, which are common behavioral symptoms of MTBI and 

PTSD.  These overlapping symptoms consist of problems with sleep, concentration, and fatigue 

as well as psychomotor/arousal symptoms (Stahl, 2008).  Other research suggests that irritability, 

attentional dysfunction, difficulty concentrating, amnesia, decreased cognitive processing, and 

sleep disturbances are overlapping (Glaesser, Neuner, Lutgehetman, Schmidt, & Elbert, 2004; 

King, 1997; Trudeau et al., 1998).   

There are issues with accurately measuring both PTSD and MTBI, primarily because 

symptoms are subjective, can be exaggerated, and demonstrate considerable overlap.  When a 

patient endorses a symptom on a self-report measure it is up to the clinician to determine the 

etiology of the symptom.  For example, if a person endorses experiencing headache, the clinician 

needs to determine whether the headache is tension-based (i.e. psychiatric) or is a posttraumatic 

headache.  Just because a person has a headache does not mean it is a headache that is 

characteristic of a TBI and therefore, can lead to a misdiagnosis of PCS.  In terms of PTSD 
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symptomatology, there is little consensus regarding the best diagnostic cut scores for self-report 

measure and no research has been conducted to determine optimum cut scores for active duty 

service members.  A cut score should shed light on to the diagnostic efficiency (i.e. sensitivity 

and specificity, negative predictive power, and positive predictive power) of an instrument and 

therefore, aid the clinician in rendering a diagnosis.  

Reported symptoms can also be exaggerated due to secondary gain or somatization.  It is 

not uncommon for a soldier to report on an inventory that a symptom is severe, but further 

investigation reveals that it does not impact their activities of daily living.  Most researchers do 

not conduct item analyses to determine which symptoms discriminate best between those who do 

and do not have a clinical diagnosis (Benge, Pastorey, & Thornton, 2009, Blanchard, Jones-

Alexander, Buckley, & Forneris, 1996).  This is important in research when there are diagnoses 

that share multiple symptoms like PTSD and PCS.  

At the inventory level, overlapping symptom between the PTSD Checklist (PCL) and 

Neurobehavioral Symptom Inventory (NSI) includes difficulty concentrating, sleep difficulty, 

irritability, and forgetfulness/trouble remembering.  Across cultures, all 16 items on the 

Rivermead (European version of the NSI) are on the NSI.  Loss of balance, poor coordination, 

hearing difficulty, numbness/tingling, change in taste/smell, change in appetite are items that are 

not on the Rivermead.   

 There is no universal agreement in the behavioral health community on the specific 

etiology of postconcussion symptomsin individuals with MTBI.  Persistent postconcussion 

symptoms could be neurological, psychological, or both.  The neurological side of the debate 

suggests that postconcussion symptoms are attributed to neurological damage.  The persistence 

of symptoms is assumed to be due to metabolic and physiologic changes in the brain that have 
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not returned to homeostasis (Iverson et al., 2004).  The psychological camp suggests that 

symptoms are attributed to transient physiological disturbance and are maintained by 

psychological distress (Levin et al., 1987; Lishman, 1988).  Bazarian et al. (1999) showed that 

postconcussive symptoms are reported more by MTBI patients without positive neurological or 

radiological findings than patients with moderate or severe TBI.  Research suggests that a 

significant risk factor for the development of PCS is three or more prior concussions, which a 

service member can receive via multiple combat tours (Iverson et al., 2006; Iverson et al., 2004).  

This also means that the person has likely been exposed to more psychological trauma.  

Some of the variance in the literature related to posttraumatic stress and neurobehavioral 

symptoms is likely due to a combination of conceptualization problems and measurement issues.  

As previously mentioned, there are no universally accepted diagnostic criteria for assigning a 

diagnosis associated with MTBI and there is no “gold standard” for postconcussive symptoms.  

In regards to PTSD, there is some question about whether a person needs to be conscious to 

develop PTSD and there is no universally accepted structure of PTSD.  Some of the variance 

involved in the different structures may also be due to researchers using different instruments to 

measure PTSD (i.e. PCL and CAPS).  

 

PTSD Structure and Measurement 

The literature has not demonstrated a consistent factor structure for PTSD measures 

based on DSM criteria, and therefore may suggest that the DSM’s conceptualization of PTSD 

symptomatology lacks validity.  Based on DSM, one would expect three factors that are 

consistent with the three primary symptom clusters (re-experiencing, avoidance/numbing, 

hyperarousal) of PTSD.  A recent meta-analysis of the structure of PTSD symptoms using 
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confirmatory factor analysis concluded that a 4-factor model comprised of intrusions, avoidance, 

hyperarousal, and dysphoria had the best fit.  However, this model consisted of a 2-item 

dysphora factor, which is problematic.  In terms of statistical issues, having only two items in a 

factor may lead to misspecification of zero loading which typically leads to distorted factors with 

over-estimated factor correlations and distorted structural relations (Asparouhov and Muthen, 

2009).  Marsh, Hau, Ball, and Grayson (2008) suggest at least four items per factor are needed.  

With respect to clinical utility, two items may not be adequate to evaluate a construct reliably.   

A majority of the literature suggests that PTSD has a four-factor model and not three, as 

suggested by the DSM.  However, there are inconsistent findings in what items and factors 

makeup the four factors.  Of the four factor models, the model put forward by Simms, Watson 

and Doebbeling (2002) has gained the most support in the literature when measure posttraumatic 

stress using the PCL.  This model consists of a re-experiencing factor, a hyperarousal factor with 

two items, an avoidance factor, and dysphoria.  Amongst researchers using the Clinician- 

Administered PTSD scale (CAPS), the model by King, Leskin, King, and Weathers (1998) has 

also been supported.  This model consists of a re-experiencing factor, a two-item avoidance 

factor, a numbing factor, and an arousal factor.  

Another potential problem with the diagnostic and research process is the necessity in the 

DSM PTSD criterion of experiencing intense affect associated with a traumatic event (A2).  

Experiencing intense affect is not universally accepted, as demonstrated by its exclusion from the 

criteria for PTSD in the ICD-10.  Brewin et al. (1999b) found that intense emotions appear to be 

the norm, but that a small proportion of trauma victims did not report intense fear, helplessness, 

or horror, yet they still subsequently developed PTSD. 
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King (1997) proposed three factors that can lead to confusion in differentially diagnosing 

MTBI versus PTSD.  The first issue is loss of consciousness (LOC), which is thought to prevent 

some people from developing PTSD.  The rationale here is that if you cannot remember the 

traumatic event you cannot be psychologically traumatized by it. LOC is the most controversial 

of the overlapping symptoms because if there is no memory whatsoever of the traumatic event, 

then this seems to preclude the cardinal PTSD feature of re-experiencing.  Second is the 

existence of post-concussion symptoms, which appears to overlap with some PTSD symptoms: 

poor concentration, depression, anxiety, sleeps disturbance, and irritability. See Table 1 for a list 

of possible somatic, cognitive, and psychological symptoms of MTBI (Thompson, Scott, & 

Dubinsky, 2008).   

Table 1  

Post-Concussion Symptoms 

Physical  Cognitive Social-Emotional 

Headache   Confusion Irritability 

Nausea  Memory  Nervousness 

Fatigue  Concentration  Emotionality 

Light/noise sensitivity  Inattention  Social withdrawal 

Sleep disturbance  Slowed processing  Easily overwhelmed 

Ringing in ears Word-finding problems Decreased motivation 

 

The third issue is the interpretation of the amnesia for the event.  A lack of memory of a 

traumatic event in MTBI could be due to organic-based amnesia, which is a sign of head injury.  

The lack of memory associated with PTSD could be due to psychologically-induced amnesia, 

which can be interpreted as the PTSD symptom of avoidance.  Additionally, King (1997) 
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suggested three mechanisms in which PTSD and TBI might co-occur.  The first condition is met 

when the period of anterograde and retrograde amnesia are small or non-existent.  The second 

condition is met when non-declarative memory systems for the traumatic event are in operation.  

The third condition is a phenomenon referred to as “islands” of memory.  Islands of memory or 

recollections of events are sometimes part of anterograde amnesia in MTBI and occur outside of 

continuous memory (King, 1997).  Two alternate explanations for this phenomenon are (1) that a 

“false memory” (based on what the patient is told after the event) is being inserted into the 

period of anterograde amnesia, and (2) that an isolated memory of the event is retained while 

recall of the surrounding events is lost (King, 1997).   

The coexistence versus differentiation of PTSD and TBI is considered to be a conundrum 

and has fostered much research to clarify the clinical distinction.  Harvey, Brewin, Jones and 

Kopelman (2003) proposed three theoretical arguments against the dual diagnosis with 

resolutions for each argument.  The first argument involves lack of affect, which is associated 

with the DSM-IV-TR PTSD Criteria A1 and A2.  The crux of this argument is whether a person 

who suffers posttraumatic amnesia (PTA) or disturbed consciousness as part of a concussion 

could have experienced an intense emotion to warrant a PTSD diagnosis.  The first resolution to 

this argument postulates that some people with a TBI do not experience intense affect at the 

moment of the trauma due to LOC and yet it does not hinder the development of PTSD or ASD 

later.  This resolution is based on the questionable necessity of whether experiencing intense 

emotions is crucial to the development of ASD or PTSD.  This is highlighted by the lack of this 

criterion in the ICD-10 and research showing that intense emotion is not observed in response to 

every traumatic event (Brewin, Andrews, & Rose, 1999b).  The second resolution suggests that 

TBI victims do experience intense affect prior to or subsequent to a traumatic impact.  Three 
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rationales were provided for how a person with a TBI could experience intense affect: islands of 

memory, affect associated with the period immediately prior or subsequent to a traumatic impact, 

and information encountered after the traumatic experience itself that evokes intense affect.   

The second argument revolves around whether a person who experiences an altered state 

of consciousness (PTA or LOC) can re-experience a traumatic event.  The rationale is that 

because there is an absence of memory of the traumatic event, then intrusive re-experiencing of 

the trauma should not be possible (which is necessary for a diagnosis of PTSD).  The first 

resolution to this argument is that the lack of re-experiencing a trauma in those who have 

suffered a TBI is not a barrier to developing PTSD.  The rationale is that symptoms of re-

experiencing, as outlined by the DSM-IV-TR Criterion B, do not depend on having conscious 

memory of the traumatic event; therefore, a person can still experience these symptoms in the 

absence of specific real time memory of the traumatic event.  The second resolution postulates 

that people who have experienced a TBI do re-experience the traumatic event.  Four explanations 

were provided, of which two were previously discussed; islands of memories and memory of 

events prior and subsequent to the PTA, LOC or altered conscious state.  The other two 

explanations involve misrepresentations of memories.  This explanation is based on research that 

suggests that memories are malleable (Hyman & Loftus, 1998; Reynolds & Brewin, 1998).  

The third argument revolves around whether there is a lack of avoidance related to the 

traumatic event; Criterion C.  The rationale for this argument is that if a person is amnesic for the 

event then there is no desire to avoid; therefore, a dual diagnosis is not possible.  A resolution for 

this argument postulates that people who have experienced a TBI and do not avoid reminders of 

the trauma should not be precluded from being diagnosed with PTSD, because they could 
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experience emotional numbness despite showing minimal evidence of cognitive or behavioral 

avoidance.   

Glaesser, Neuner, Lutgehetmann, Schmidt, and Elbert (2004) explored the role of LOC in 

the development of PTSD.  This study was conducted using three different periods of LOC; more 

than 12 hours, less than one hour, and no LOC at all.  It was determined that PTSD and TBI can 

still overlap, even for those who experienced an extended period of LOC.  However, they did 

show that patients in the group with no LOC were more likely to be diagnosed with PTSD, and 

have more intrusive memories, re-experiencing symptoms, and psychological distress and 

physiological reactivity to reminders of the traumatic event. 

Another measurement problem involves the diagnostic threshold.  A review of the 

literature demonstrates that there are different cutoff scores across samples for the PCL.  For 

example, in a sample of Vietnam and Gulf War veterans, Weathers, Litz, Hermna, Huska, and 

Keane (1993) reported a cutoff score of 50 optimized both specificity and sensitivity.  Keen, 

Kutter, Niles, and Krinsley (2008), in a sample of veterans, suggest a cutoff score of 60 for the 

PCL-M.  Blanchard, Alexander, Buckley, and Forneris (1996) used a sample largely composed 

of female motor vehicle accident survivors, and indicated a total score of 44 was optimal for the 

PCL-C.  These authors also suggest that gender and/or time since a potentially traumatic event 

may influence reporting style; therefore, resulting in different cutoff scores across sample.  

Severity of the perceived traumatic event exposure and treatment seeking status may be 

associated with differences in cutoff scores (Manne, DuHamel, Gallelli, Sorgen, Redd, 1998).  

Others have suggested that culture, gender, and type of trauma experienced influence the 

reporting of symptomatology (Norris, Perilla, and Murphy, 2001).  Interestingly, there is no 

literature on a suggested cutoff score for an active duty combat-exposed population.  
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PTSD symptomatology has been measured using a variety of method such as self-report 

(i.e. PCL and Foa’s Posttraumatic Diagnostic Scale) and structured interviews (i.e. CAPS and 

Spitzer’s SCID-I).  As of now, there is a general consensus amongst researchers that the 

Clinician Administered PTSD scale (CAPS) is the gold standard for measuring PTSD 

symptomatology and should be used in studies of psychometric validation of the PCL.  However, 

the PCL and CAPS differ in that the CAPS assesses the frequency and intensity of symptoms, 

whereas the PCL has a person rate the degree to which he or she is bothered by symptoms.  

Another difference between the CAPS and the PCL is that the PCL was not designed as a 

diagnostic instrument and therefore should not be the sole source for rendering a clinical 

diagnosis (Keene, 2008), although it is often used for research categorization.  

 

PCS Structure and Measurement 

The structure of persistent neurobehavioral symptoms following concussion was 

originally described by Cicerone and Kalmar (1995) via cluster analysis.  Their analysis revealed 

a 4-cluster structure consisting of affective, cognitive, somatic, and sensory.  Since then, results 

of factor analyses in the literature have failed to support a consistent structure.  Benge, Pastorey, 

and Thornton (2009) examined the Neurobehavioral Symptom Inventory’s (NSI) factor structure 

and assessed the impact of posttraumatic stress (PTS) on the scale at the item and factor levels.  

See Appendix E for the items evaluated in these analyses of neurobehavioral symptoms 

(Cicerone & Kalmar, 1995, p. 17).  Results of a factor analysis on the NSI, before controlling for 

PTS, revealed a difficult to interpret four-factor model in which none of the factors appeared to 

represent a pure dimension.  For example, the first factor, which accounted for 38% of 58% of 

the total variance, was a conglomeration of sensory, cognitive, and motor symptoms.  After 
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controlling for PTS, the factor structure more closely paralleled findings from the civilian 

literature.  Of note, items on the Affective factor shared the most variance with PTS.  Overall, 

this study strongly suggested that PTS and postconcussive symptoms are not independent from 

each other and may need to be evaluated in tandem.   

 

Diagnostic Criteria Dilemma in Concussion 

There is some limited agreement between the tenth revision of the International 

Classification of Diseases (ICD-10) and the Diagnostic and Statistical Manual of Mental 

Disorders, fourth edition, text revision (DSM-IV-TR) criteria-based diagnoses of 

postconcussional syndrome.  Postconcussional syndrome (PCS), as defined by the World Health 

Organization, is the persistence of three or more of the following symptoms for at least 3 months 

post-head injury: headache, dizziness, fatigue, irritability, insomnia, concentration or memory 

difficulty (ICD-10, 2007).  Postconcussional disorder (PCD) is defined by the DSM-IV-TR as a 

syndrome following a significant cerebral concussion resulting in quantifiable deficits in 

memory or attention, and the persistence of three or more of the following symptoms for at least 

3 months post-injury: tiring easily, disordered sleep, headaches, vertigo/dizziness, irritability, 

anxiety/depression/affective lability, changes in personality, or apathy.  The disturbance must 

significantly impair social or occupational functioning, and the symptoms should not be better 

accounted for by other diagnostic categories (DSM-IV-TR, 2000).  Of note, there is some 

symptom overlap and some differentiation between the two diagnoses.  Common 

criteria/symptoms include having to be at least 3 month post-injury, having to experience at least 

3 or more symptoms, fatigue, sleep difficulty, headache, dizziness, irritability.  These diagnoses 

differ in that PCD requires quantifiable deficits in memory and attention and PCS requires only 
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concentration or memory difficulty.  Other differences include that only the PCD requires 

changes to personality, apathy, and depression/anxiety/affective lability.  

Boake et al. (2004) demonstrated that although there is agreement between DSM-IV and 

ICD-10 symptom criteria there was minimal agreement between actual diagnoses from DSM-IV 

and ICD-10, because fewer patients met the DSM-IV cognitive deficit and clinical significance 

criteria.  The minimal agreement between the two diagnoses is the result of different prevalences 

and thresholds for diagnosis.  Boake et al. (2005) evaluated the prevalence and specificity of 

diagnostic criteria for PCS in mild to moderate traumatic brain injury (TBI) and with extracranial 

trauma, 3 month post-injury, using DSM-IV and ICD-10 criteria.  Results showed that prevalence 

of PCS was higher using ICD-10 than DSM-IV criteria.  Further, the specificity of PCS to TBI 

was limited because patients with extracranial trauma frequently endorsed PCS criteria.  Studies 

have found that postconcussive or postconcussive-like symptoms are common in healthy people, 

in those with a psychiatric disorder, and that the rate of symptom endorsement is different 

between cultures.  Overall, this indicates postconcussive symptoms are not specific to 

concussion.  McCauley et al. (2005) investigated differences in outcome based on a diagnosis of 

PCD versus PCS as to which criteria set might be preferred for clinical practice.  Results 

demonstrated that the two sets of diagnostic criteria had different incidence rates, but there were 

no differences between the DSM-IV and ICD-10 in the outcome domains of psychiatric 

symptoms and disorders, social and community integration, health-related quality of life, or 

global outcome.  Overall, the study concluded that there was not enough evidence to suggest 

which of the two diagnostic criteria sets should be clinically preferred. 

McCauley et al. (2008) examined the controversy surrounding the causation of symptom 

complaints after MTBI by using the diagnostic criteria for PCD and PCS and comparing these 
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criteria sets in terms of prevalence, relation to potential compensation, and emotional/functional 

status.  They found that potential compensation was associated with a higher likelihood of 

meeting PCD/PCS criteria.  In terms of race, African-Americans met more criteria for persistent 

PCD compared to all other ethnic/racial groups and a significant proportion of participants 

meeting persistent PCS criteria were Hispanic.  No differences in emotional/functional status 

patterns or global outcome were observed between the criteria sets except for a couple of aspects 

in the social/community integration domain.   

Most of the research on post-concussion symptoms has examined whether a person meets 

the criteria for a diagnosis without specifying which symptoms are most representative.  The 

examination of individual symptoms is important because it may help researchers determine 

whether there are differences in presentation between different populations who incur MTBI 

such as sport injury, motor vehicle accident, and combat injury survivors.  Determining whether 

there are differences in populations may be an important avenue for determining polythetic 

diagnostic criteria for PCS/PCD.  However, finding a unified structure across different 

populations, such as sports and military, may be difficult due to the differential likelihood of 

posttraumatic stress.  Financial problems, marital problems, physical discomfort, guilt, and 

pessimistic attitude are potential confounding variables that could disproportionately influence 

the reporting of posttraumatic symptoms in a sample of redeployed service members.  These 

variables are all potential sources of stress for the recently redeployed service member that may 

inflate the severity rating of reported symptoms such as sleep difficulty, frustration, anxiety, and 

irritability.  In turn, these behavioral symptoms can potentially influence the reporting of 

cognitive symptoms such as difficulties with attention and memory.  
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As with the definition of what constitutes PCS, there is no universally accepted 

instrument to evaluate neurobehavioral symptoms following MTBI.  However, there are 15 

identical symptoms assessed on the two most cited neurobehavioral symptom inventories: the 

22-item Neurobehavioral Symptoms Inventory (NSI; Cicerone & Kalmar, 1995) and the 16-item 

Rivermead Post-concussion Symptoms Questionnaire (RPQ; King, Crawford, Wenden, Moss, & 

Wade, 1995).  The RPQ asks about double vision and the NSI evaluates vestibular (loss of 

balance, poor coordination), somatosensory (hearing difficulty, numbness/tingling in parts of the 

body, change in taste/smell, change of appetite), and cognitive (difficulty making decision) 

changes.  Interestingly, the RPQ is primarily used in European and Canadian studies whereas the 

NSI is primarily used in studies conducted in the United States.  It is unknown why there is such 

a divide; speculation suggests that there may be a cultural component to the presentation of 

postconcussive symptoms.  The difference in the instruments also presents an issue for meta-

analytic inferences because there is not a universally accepted structure of postconcussion 

symptoms in the post-acute recovery phase.  

It is common in the literature for authors to use different measures of neurobehavioral 

symptoms to validate the point they are trying to make.  Of note, most of these instruments do 

not have published reliability or reliability estimates, and yet researchers have used cluster scores 

and total scores for these instruments in statistical analyses to differentiate groups (e.g. Cooper at 

al., 2011, Levin et al., 2010).  Eyres, Carey, Gilworth, Neumann, and Tennant (2005) 

demonstrated that the Rivermead does not meet modern psychometric rigors; they concluded that 

the total score should not be used.  On the other hand, the Randolph et al. (2009) concussion 

symptom inventory (CSI) has met modern psychometric properties, but researchers in the 

military or VA have not used it in any published studies that could be located for this review.  
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Although most inventories of neurobehavioral symptoms often have not met rigorous 

psychometric standards, they remain a key method for monitoring recovery from MTBI, to assist 

in medical management, and to make decisions regarding return-to-work/combat.  One addition 

to the NSI that may help spawn future research is the inclusion of space for the recordings of 

additional complaints that a clinician may believe are related to MTBI (Randolph et al., 2005).  

This may be of particular interest to the field of MTBI research, especially since there is 

variability in the reporting of symptoms in different populations such as sport, civilian, and 

military.  Inventories of neurobehavioral symptoms provide potentially useful tools for 

examining the structure of neurobehavioral symptoms, which may help researchers develop 

better polythetic diagnostic criteria for the diagnosis of PCS.  This could take PCS from a 

research diagnosis to an actual diagnosis. 

 

Other Factors That May Influence Symptom Reporting 

There are multiple reasons why a service member may over-report severity of symptoms 

for PCS and PTSD.  High levels of reported symptoms among treatment seeking service 

members could be due to secondary gain in the form of service connected disability 

compensation for physical and mental health problems.  Compensation is gained as a direct 

result of military service which leads to the person acquiring a diagnosed condition which causes 

some degree of functional impairment, which can range from 1 to 100%.  Another reason for 

over-reporting may be that it allows the service member to adopt a sick role.  Adopting a sick 

role may allow the service member avoid duty or aid in mitigating legal ramifications.  A final 

reason for over-reporting is that it allows that service member to escape duty or deployment.  

Related, over-reporting is hard to detect because symptoms are subjective in nature and diffuse.  
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An example of a diffuse symptom is headache.  One can easily misdiagnose a tension-based 

headache as a posttraumatic headache.  In terms of subjective symptoms, most clinicians lack 

experiential knowledge of what life is like in a combat theater, so they have to believe what a 

service members reports about a traumatic event.  For example, a service member may report 

that a sniper hit his friend five times while he was standing 20 feet in front him on a forward 

operating base.  To the lay clinician this sounds like a traumatic combat-event, but to a person 

with boots-on-the-ground experience, they would realize that a sniper does not shoot someone 

five times and that most FOBs are surrounded by a 12 foot tall wall with guards on the wall.  

Even with extensive knowledge of combat situations, a clinician can still be misled by a 

malingerer who is determined to dissimulate.  

Studies also show that the reporting of PCS symptoms is influenced by factors other than 

head injury, suggesting that postconcussive symptoms may not be specific to MTBI and thus a 

symptom checklist may not be sufficient for diagnostic purposes.  Iverson (2003) found that 

postconcussion-like symptoms were common in healthy community dwelling Canadians and that 

there was a moderate correlation between postconcussion-like symptoms and depressive 

symptomatology.  In a follow-up study, Iverson (2006) determined postconcussion-like 

symptoms were common in depressed people.  This finding suggests that depression should be 

considered in the differential diagnosis process.  Suhr and Gunstad (2002) demonstrated that 

depressive symptoms accounted for elevations in postconcussive symptoms in a college sample 

and no cluster of postconcussive symptoms were specific to head injury.  Fox, Haley, Earnest, 

and Wood (1995) demonstrated that postconcussive symptoms are common among psychiatric 

patients and that caution should be taken when diagnosing concussion when a psychiatric 

condition is present.  
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Hanna-Pladdy, Berry, Bennett, Phillips, and Gouvier (2001) examined the relation 

between PCS and injury by evaluating the effects of experimental conditions of stress or 

relaxation on individuals with MTBI and uninjured control subjects, with low and high PCS 

endorsement.  Symptomatic (uninjured and MTBI) participants endorsed more symptoms than 

both asymptomatic uninjured and asymptomatic MTBI.  However, the two symptomatic groups 

had comparable rates of symptom reporting.  Symptomatic MTBI participants received symptom 

relief after engaging in relaxation exercise.  This demonstrates that symptoms resembling 

postconcussion syndrome may, in part, be due to a stress reaction.   

There are other factors that affect the reporting of PTSD symptomatology, including co-

occurring diagnoses, precipitating factors, and perpetuating factors.  In regards to co-occurring 

diagnoses, psychiatric and physiological diagnoses can produce PTSD-like symptoms or 

exacerbate PTSD symptomatology.  For example, depression commonly co-occurs with PTSD 

and shares criteria with PTSD such as difficulty with sleep.  Chronic pain can exacerbate current 

symptomatology due to difficulty coping with pain and a traumatic event.  Precipitating factors 

include childhood trauma, previous trauma history, and/or low-IQ.  For example, a member of 

the National Guard may have shot and killed a teenager for breaking into his vehicle in the 1990s 

and have maladaptive behaviors (undiagnosed PTSD) that led to a divorce and social isolation.  

This service member is then placed on active duty orders and deployed decades later as a 

mechanic that never left the safety of his camp and now has a diagnosis of PTSD.  Common 

perpetuating factors for service members include stressful reintegration with family, financial 

hardship, and discord with their chain of command.  The factors can complicate the diagnostic 

process by producing PTSD-like symptoms.    
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Much of the literature has focused on what posttraumatic stress symptomatology looks 

like in civilians and veterans, but very little literature has examined what posttraumatic 

symptomatology or combat stress (subthreshold PTSD) look like in active duty personnel.  The 

factor structure of PTSD using the PTSD Checklist has not produced consistent results, with 

findings ranging from 2 to 4 factors per structure.  Weathers, Litz, Herman, Huska, and Keane’s 

(1993) factor analysis consisted of 3 symptom clusters; reexperiencing, avoidance, and 

hyperarousal.  King, Leskin, King, and Weathers’s (1998) 4-factor model found that DSM-IV 

Items C1 and C2 formed a separate factor measuring avoidance.  This 4 factor model has also 

been reported in different populations such as the elderly, cancer survivors, and Gulf War 

veterans (Schinka, Brown, Borenstein, & Mortimer, 2007; Simms, Watson, & Doebbeling, 

2002).   

Likewise, there is not a consistently reported structure of postconcussive symptoms.  

Much of the research to this point has been conducted using exploratory techniques and no 

literature has evaluated the problem using theoretical predictions and confirmatory factor 

analysis.  Lack of a consistent factor structure fuels controversy regarding whether 

postconcussive symptoms constitute a syndrome or a unique disorder.   

In a cluster analysis of postconcussive symptoms in a sample of medi-legal patients, 

Cicerone and Kalmar’s (1995) initial cluster analysis revealed a structure that contains 22-items 

that are parceled out into 4 factors: affective, cognitive, somatic, and sensory.  Further, they also 

demonstrated that the symptoms of numbness, hearing difficulty, change taste/smell were not 

significantly related to any cluster.  The study by Caplan et al. (2010) contains all 22-items from 

the Cicerone and Kalmar (1995) study, but their results revealed a 2 factor model: 

somatic/sensory and psychological.  Benge, Pastorey, and Thornton (2009) examined the factor 
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structure of neurobehavioral symptoms and the impact of posttraumatic stress (PTS) on the 

factors.  Results of a factor analysis, before controlling for PTS, revealed a difficult to interpret 

four factor model in which none of the factors appeared to represent a pure dimension.  After 

controlling for posttraumatic stress, the factor structure more closely paralleled findings from the 

civilian literature.   

The present study addresses the previously mentioned holes in the literature by 

examining the structure of posttraumatic stress and postconcussive symptomatology using 

theoretical prodecures and confirmatory factor analysis.  Given the previous literature on MTBI 

and PTSD, it is expected that (a) the postconcussive model in this study will mimic the results of 

Cicerone and Kalmar’s (1995) initial cluster analysis, which contains all 22-items that are 

parceled out into 4 factors: affective, cognitive, somatic, and sensory, and (b) the posttraumatic 

stress model will for this study will mimic the 4 factor model based on King, Leskin, King, and 

Weathers (1998), which found that DSM-IV items C1 and C2 formed a separate factor of 

avoidance, and that the remainder of the Criterion C items formed a factor of emotional 

numbing.  The 4 factor model has also been supported in different populations such as the 

elderly, cancer survivors, and Gulf War veterans (Schinka, Brown, Borenstein, & Mortimer, 

2007; Simms, Watson, & Doebbeling, 2002) and is predicted to apply to active duty personnel. 

If the hypothesized structure of combat stress is confirmed, CPT and PE might be helpful 

for combat stress that is subthreshold for clinical PTSD.  Studying such an application would be 

a next step.  If the hypothesized structure of PCS is confirmed, a consistent model might help 

move PCD from a research diagnosis to an actual diagnosis in the DSM.  Additionally, a 

consistent structure would help researchers re-evaluate current psychotherapy protocols for PCS, 
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as outlined by Cicerone.  Finally, it would also help researchers and clinicians to focus on 

treatment plans targeting appropriate symptoms.  
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CHAPTER 2  

METHOD 

Data Set 

Data for this study were drawn from an archive of service members who were evaluated 

at Brooke Army Medical Center following a combat deployment to Iraq or Afghanistan.  

Military personnel de-identified data before the archive was made available for the present 

research.  Participants were initially recruited through multiple sources including inpatient care, 

post-deployment primary care clinics, specialty care clinics, and case management.  Once 

identified, participants were briefed on the IRB approved informed consent document.  After 

consenting, service members completed a three-item structured questionnaire to screen for 

traumatic brain injury (TBI) or blast exposure and a self-report questionnaire designed to capture 

demographic and injury data.   

The American Congress of Rehabilitation Medicine definition of mild traumatic brain 

injury (MTBI) was used to determine whether service members sustained a MTBI (Kay, 1993).  

MTBI is defined as one or more of the following: Glasgow coma scale (GCS) > 13, loss of 

consciousness (LOC) < 30 minutes, posttraumatic amnesia (PTA) < 25 hours, any altercation in 

mental state, any loss of memory before or after the accident.  GCS scores, when present, were 

determined by a review of medical records.  Loss of consciousness and alteration of 

consciousness were determined by semi-structured clinical interview, and based on retrospective 

report.  Only those with uncomplicated MTBI were retained in the data set for analyses.  

  

Measures 

• PTSD Checklist –Civilian version (PCL-C; Blanchard, Jones-Alexander, Buckley, & 
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Forneris, 1996) is a 17-item self-report inventory used to screen for PTSD.  Each item is rated on 

an interval level ranging from 1 (not at all) to 5 (extremely) with the resultant total score ranging 

from 17 to 85. The primary scoring method is to simply total the score.  This method was 

employed for all parametric analyses using the PCL-C in the present study.  However, it can also 

be scored categorically to represent likely PTSD cases from non-cases.  Researchers have used 

various cutoff scores of 44, 50, and 60 to indicate likely presence of PTSD (Blanchard et al., 

1996; Keen, Kutter, Niles, & Krinsley, 2008).  Blanchard and colleagues reported internal 

consistency (alpha coefficient) values for each criterion (B, C, and D) ranging from .82 to .94.  

The following are internal consistency estimates with the sample in the current study: Criterion B 

(.92), Criterion C (.88), and Criterion D (.87).  When all items were included, the internal 

consistency estimate was .95.  The PCL-C has a .93 correlation with the Clinician Administered 

PTSD Scale (CAPS).  Individual PCL-C items correlation with CAPS items ranged .39 to .79 

and most items have diagnostic efficiencies of .70 or better for symptoms.  

• The Neurobehavioral Symptoms Inventory (NSI; Cicerone & Kalmar, 1995) is a 22-

item self-report inventory used to screen for neurobehavioral symptoms following mild traumatic 

brain injury.  Each item is rated on an interval level ranging from 0 (none) to 4 (very severe).  

Cluster analysis revealed four factors consisting of multiple symptoms: cognitive, affective, 

somatic, and sensory (Cicerone & Kalmar, 1995).  When all items were included, the alpha 

internal consistency estimate for the sample in this study was .95.  However, when 

neurobehavioral symptoms of the NSI were subjected to factor analysis one factor emerged that 

was difficult to interpret because it contained a conglomeration of symptoms from different 

factors (Benge, Pastorek, & Thornton, 2009).  Once PTS was controlled statistically, the factor 

structure more closely paralleled findings from the civilian literature, which consists of four 
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factors: affective, cognitive, somatic, and sensory clusters.  This demonstrates that PTS 

influences the reporting of neurobehavioral symptoms.  Further, existing literature has not 

reported individual items characteristics, which is important to a clinician to make diagnostic 

judgments about the possible presence of postconcussive symptoms.  
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CHAPTER 3  

RESULTS 

Two confirmatory factor analysis models of the PTSD Checklist-Civilian version (PCL-

C) were analyzed.  The first structural equation model (SEM) model for the PCL-C is based on 

Weathers, Litz, Herman, Huska, and Keane (1993) factor analysis which consists of three 

symptom clusters; reexperiencing, avoidance, and hyperarousal; see Figure 5.  The second model 

is a 4 factor model based on King, Leskin, King, and Weathers (1998), which posits that 

Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV) Items C1 and 

C2 form a separate factor measuring avoidance, and that the remainder of the Criterion C items 

form a factor that measures emotional numbing; see Figure 6.  The four-factor model has also 

been supported in different populations such as the elderly, cancer survivors, and Gulf War 

veterans (Schinka, Brown, Borenstein, & Mortimer, 2007; Simms, Watson, & Doebbeling, 

2002).  Paths and variances are constrained for Factor C1 since it consists of only two items.  

A total of four models were tested and are based on the results of Cicerone and Kalmar’s 

(1995) and Caplan et al. (2010).  Two SEM models based on the results of Cicerone and 

Kalmar’s (1995) cluster analyses are examined.  The first model is based on the results of 

Cicerone and Kalmar (1995) initial cluster analysis, which contains all 22-items that are parceled 

out into four factors; affective, cognitive, somatic, and sensory; see Figure 1.  Particular attention 

was given to headache and sleep difficulty, which were deemed solitary symptoms during the 

initial analysis.  Further, the initial analysis also demonstrated that the symptoms of numbness, 

hearing difficulty, change taste/smell were not significantly related to any cluster.  The second 

model contains 17-items with 4 factors; see Figure 2.  Headache, sleep difficulty, numbness, 

hearing difficulty, and change in taste/smell were deleted.  The first model by Caplan et al. 
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(2010) contains all 22-items within two factors: somatic/sensory and psychological; see Figure 3.  

The final model for this study contains all 22-items within 3 factors: somatic/sensory, affective, 

and cognitive; see Figure 4.  

Confirmatory factor analysis (CFA) of latent variables using LISREL8.8 (Scientific 

software, 2009) structural equation modeling (SEM) program, constituted the principal method 

of data analysis.  Goodness-of-fit indices including the comparative fit index (CFI; Bentler, 

1990), the root mean squared error of approximation (RMSEA; Browne & Cudeck, 1993), 

standard root mean square residual (SRMR), and the Akaike information criterion (AIC; Akaike, 

1987) are used to determine whether the hypothesized model is an acceptable representation of 

the data.  By convention, incremental fit indexes (i.e. CFI) above .90 signify good model fit.  

RMSEA values lower than .08 signify acceptable model fit, with values lower than .05 indicative 

of good model fit (Browne & Cudeck, 1993).  SRMR values lower than .08 indicates good 

model fit.  Although no specific rules of thumb are available for the AIC, lower values indicate 

better model fit relative to higher values (Bryne, 2009).  Satorra-Bentler chi-square difference 

tests were also used to compare the statistical superiority of alternative models (Byrne, 2009).  

Only models with uncorrelated error terms are reported because models with uncorrelated error 

terms provide a test of the assumption of unidimensionality while correlated error terms reveal 

that a factor is missing something in accounting for item covariances.  Further, some of the 

hypothesized models for this study have two items, so paths and variances are constrained in an 

attempt to overcome modeling and conceptual problems associated with limited items per factor.  

See Asparouhov and Muthen (2009) and March, Hau, Balla, and Grayson (1998) for an in-depth 

discussion of computational and practical issues in using a limited number of indicators per 

factor in CFA.  An asymptotic covariance matrix with robust maximum likelihood (RML) was 
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used to estimate model parameters because data did not meet the assumption of multivariate 

normality.  Principle components analysis with varimax rotation using SPSS 19.0 for Windows 

(SPSS, Inc., 2010) was used when hypothesized models did not fit.  Varimax was selected 

because it optimizes the distinction between factors and therefore provides a clearer factor 

structure for interpretation.  Parallel analysis (PA), eigenvalues, and scree plot were used to 

confirm the number of factors (Thompson, 2004).  The value of .40 was used to determine 

whether an item loaded onto a factor (Stevens, 2002).  Factor solutions for all EFA models 

developed as post hoc for all CFA models and on the combined data set were over and under 

extracted as per Pedhazer (1991) and Costello (2005) in order to look for the most meaningful 

factor structure and the best structure was reported.  Related, post hoc analyses were conducted 

on all CFA models in accordance with recommendations put forth in Byrne (2009) and 

Schreiber, Nora, Stage, Barlow, and King (2006).  When deciding to make modifications, 

consideration was given to whether the estimation of the targeted parameter is substantively 

meaningful (i.e. is it theoretically sound) and whether or not the respecified model would lead to 

an over fitted model.  See Byrne (2009) for further discussion on how to manage respecification 

in the context of overfitting.  Based on post hoc analyses, if a modified model is substantially 

better then it was to be reported; no respecified models were significantly better than the original 

model, so no such models are detailed herein. 

   

CFA Results for NSI and PCL 

Results of the confirmatory analyses for the NSI are presented in Figures 1 through 4.   
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Figure 1. Cicerone and Kalmar (1995), 22-items in a 4 factors; affective, cognitive, somatic, and 
sensory. 

 

S-B X2 df Parameters 
estimated CFI SRMR RMSEA AIC 
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Figure 2. Cicerone and Kalmar (1995), 17-items in a 4 factors; affective, cognitive, somatic, and 
sensory. 

 

S-B X2 df Parameters 
estimated CFI SRMR RMSEA AIC 
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Figure 3. Caplan et al. (2010) contains all 22-items within 2 factors: somatic/sensory and 
psychological. 
 

S-B X2 df Parameters 
estimated CFI SRMR RMSEA AIC 
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Figure 4. Caplan et al. (2010) contains 22-items within 3 factors: somatic/sensory, affective, and 
cognitive. 
 
 

Although some of the models meet some model-fit criteria, none of them fit all the 

criteria.  For example, Cicerone’s four-factor model had the best CFI and RMSEA values, but 

these values did not meet criteria for an acceptable fit.  In light of this information, a principle 

components analysis was employed to shed more light on the structure of self-reported 

neurobehavioral symptoms.  Visual inspection of the correlation matrix, the Kaiser-Meyer-Olkin 

coefficient of .95, and Bartlett’s test of sphericity (Χ2 = 7020.66, p < .01) suggested that the 

S-B X2 df Parameters 
estimated CFI SRMR RMSEA AIC 

3207.45 206 24 0.54 0.16 0.18 3301.45 

Somatic/ 
Sensory 

Cognitive 

NSI1 

NSI3 

NSI2 

NSI5 

NSI6 

NSI11 

NSI10 

NSI9 

NSI8 

NSI7 

NSI12 

NSI14 

NSI17 

NSI4 

NSI16 

NSI15 

NSI18 

NSI19 

NSI20 

NSI21 

NSI22 

Affect 

NSI13 

33 



matrix could be factored, and thus the analyses proceeded.  Principal-components analysis results 

suggested three components with eigenvalues greater than 1, explaining a total of 61.81% of the 

variance (50.06%, 6.21%, and 5.54% of the variance for each factor, respectively).  Analysis of 

the scree plot was not clear, although a subtle break, or “elbow,” was observed after the second 

factor.  Because the values for these factors exceeded those generated from a randomly created 

database of the same specifications (parallel analysis), these two factors were retained for 

rotation. 

A varimax rotation was performed and did not yield a simple structure.  The varimax 

rotation is presented in Table 2.  Poor coordination, sensitivity to noise, concentration, memory, 

decision-making, slowed thinking, and fatigue strongly cross-loaded (factor loadings greater than 

.4 on more than one factor).  In addition, the factor solution was marked by a first factor that was 

difficult to interpret conceptually because it was composed of myriad sensory, somatic, and 

affective symptoms.  The second factor was marked by items pertaining to vestibular 

phenomenon (dizziness, balance) and posttraumatic headache (headache, nausea, vision 

problems, photophobia, phonophobia).  

Table 2  
 
Summary of Factor Loadings for Varimax Two-Factor Solution for the Neurobehavioral 
Symptom Inventory 
 

Variable Factor 1 Factor 2 

Feeling dizzy .24 .76 

Loss of balance .37 .66 

Poor coordination .49 .62 

Headaches .20 .76 

(table continues) 
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Table 2 (continued). 
 

Variable Factor 1 Factor 2 

Nausea .27 .69 

Vision problems .22 .64 

Sensitivity to light .24 .71 

Hearing difficulty .40 .34 

Sensitivity to noise .24 .71 

Numbness or tingling .50 .12 

Change in taste or smell .48 .32 

Appetite change .50 .32 

Poor concentration .65 .53 

Forgetfulness .53 .57 

Difficulty making decision .58 .58 

Slowed thinking .63 .55 

Fatigue .61 .42 

Sleep difficulty .62 .39 

Feeling anxious .78 .32 

Feeling depressed or sad .80 .09 

Irritability .77 .27 

Poor frustration tolerance .79 .36 

Note. Boldface type indicates factor loadings > .40. 

 
Results of the confirmatory analyses for the PCL are presented in Figures 5 and 6.  

Neither model met all of the fit criteria King’s model had the best CFI and RMSEA values, but 

these values were not in the acceptable range.   
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Figure 5. Weathers, Litz, Herman, Huska, and Keane (1993). 

S-B X2 df Parameters 
estimated CFI SRMR RMSEA AIC 
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Figure 6. King, Leskin, King, and Weathers (1998). 

 
As with the NSI, a principle component analysis of the PCL was employed next.  Visual 

inspection of the correlation matrix, the Kaiser-Meyer-Olkin coefficient of .95, and Bartlett’s test 

of sphericity (Χ2 = 5926.24, p < .01) suggested that the matrix could be factored, and thus 

analyses proceeded.  Principal-components analysis results suggested two components with 

eigenvalues greater than 1, explaining a total of 63.73% of the variance (56.65% and 7.01% of 

the variance for each factor, respectively).  Analysis of the scree plot was not clear, although a 

subtle break, or “elbow,” was observed after the second factor.  Because the values for these 
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factors exceeded those generated from a randomly created database of the same specifications 

(parallel analysis), these two factors were retained for rotation. 

A varimax rotation was performed and did not yield a simple structure.  The varimax 

rotation is presented in Table 3.   

Table 3  

Summary of Factor Loadings for Varimax Two-Factor Solution for the PTSD Checklist-Civilian 

Variable Factor 1 Factor 2 

B1: Intrusive Memories .83 .26 

B2: Nightmares .83 .25 

B3: Flashbacks .79 .28 

B4: Psychological Distress .70 .47 

B5: Physical Reaction .73 .40 

C1: Avoid Thinking/Talking .69 .40 

C2: Avoid Activities/Situations .68 .47 

C3: Trauma-Related Amnesia  .18 .51 

C4: Loss of Interest .34 .77 

C5: Detachment .29 .83 

C6: Restricted Affect .27 .80 

C7: Foreshortened Future .31 .61 

D1: Sleep Difficulty .56 .39 

D2: Irritability .47 .60 

D3: Difficulty Concentrating .51 .59 

D4: Hypervigilance .73 .30 

D5: Exaggerated Startle .74 .34 

Note. Boldface type indicates factor loadings > .40. 
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Psychological distress, psychological reactivity, avoiding thinking/talking, avoiding 

activities/situations, irritability, and difficulty concentrating strongly cross-loaded (factor 

loadings greater than .4 on more than one factor).  In addition, the factor solution was marked by 

a first factor that was difficult to interpret from a clinical conceptualization because it was 

composed of myriad re-experiencing and hyperarousal symptoms.  The second factor, although 

cross-loaded with the first factor, appeared more represented by items pertaining to 

avoidance/numbing.  

A principle component analysis was employed to obtain an understanding of the structure 

of self-reported posttraumatic stress symptoms and neurobehavioral symptoms combined.  

Visual inspection of the correlation matrix, the Kaiser-Meyer-Olkin coefficient of .96, and 

Bartlett’s test of sphericity (X2 = 14755.30, p < .01) suggested that the matrix could be factored, 

and thus analyses proceeded.  Principal-components analysis results suggested four components 

with eigenvalues greater than 1, explaining a total of 61.96% of the variance (47.86%, 6.92%, 

3.84%, and 3.37% of the variance for each factor, respectively).  Analysis of the scree plot was 

not clear, although a subtle break, or “elbow,” was observed after the third factor.  Parallel 

analysis indicated two factors.  

A varimax rotation was performed and did not yield a simple structure.  The varimax 

rotation is presented in Table 4.  Irritability, difficulty concentrating (PCL-C), sensitivity to 

noise, difficulty concentrating (NSI), sleep difficulty (NSI), anxiety, irritability (NSI), and 

frustration strongly cross-loaded (factor loadings greater than .4 on more than one factor).  In 

addition, the factor solution was marked by a first factor that primarily consists of posttraumatic 

stress symptoms and some neurobehavioral symptoms.  The second factor primarily consists of 
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neurobehavioral symptoms and some posttraumatic stress symptoms.  Of note, numbness (NSI) 

did not strongly load on any factor.  

Table 4  

Summary of Factor Loadings for Varimax Two-Factor Solution for Combined Data 

Variable Factor 1 Factor 2 

B1: Intrusive Memories .81 .19 

B2: Nightmares .78 .22 

B3: Flashbacks .77 .21 

B4: Psychological Distress .81 .24 

B5: Physical Reaction .76 .30 

C1: Avoid Thinking/Talking .75 .23 

C2: Avoid Activities/Situations .78 .28 

C3: Trauma-Related Amnesia  .27 .44 

C4: Loss of Interest .64 .38 

C5: Detachment .65 .37 

C6: Restricted Affect .64 .29 

C7: Foreshortened Future .59 .23 

D1: Sleep Difficulty .58 .34 

D2: Irritability .63 .41 

D3: Difficulty Concentrating .54 .62 

D4: Hypervigilance .69 .29 

D5: Exaggerated Startle .70 .34 

Feeling dizzy .18 .72 

Loss of balance .25 .70 

(table continues) 
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Table 4 (continued).  
 

Variable Factor 1 Factor 2 

Poor coordination .32 .73 

Headaches .20 .69 

Nausea .18 .68 

Vision problems .14 .63 

Sensitivity to light .16 .69 

Hearing difficulty .33 .40 

Sensitivity to noise .40 .57 

Numbness or tingling .31 .30 

Change in taste or smell .29 .48 

Appetite change .33 .56 

Poor concentration .41 .73 

Forgetfulness .32 .72 

Difficulty making decision .35 .75 

Slowed thinking .39 .74 

Fatigue .38 .61 

Sleep difficulty .53 .50 

Feeling anxious .63 .52 

Feeling depressed or sad .68 .30 

Irritability .57 .51 

Poor frustration tolerance .58 .59 

Note. Boldface type indicates factor loadings > .40. 

 
Interestingly, the NSI and PCL-C share common items but not all of them strongly cross-

loaded.  Conversely, some items that are not shared did strongly cross-load.  Shared items 
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between the NSI and PCL-C include memory difficulty (C3: Trauma-Related Amnesia and 

NSI14: Forgetfulness, can’t remember things), sleep difficulty (D1 and NSI18), irritability (D2 

and NSI21), and difficulty concentrating (D3 and NSI15).  Shared items of irritability and 

concentrating on each measure strongly cross-loaded, but shared items of sleep and memory 

difficulty did not strongly cross-load.  Only sleep difficulty on the NSI strongly cross-loaded and 

neither memory difficulty items strongly cross-loaded.  Further, NSI items sensitivity to noise, 

feeling anxious, and poor frustration tolerance strongly cross-loaded.  
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CHAPTER 4  

DISCUSSION 

Models used to evaluate the theoretical structure of posttraumatic stress and 

neurobehavioral symptoms in recently redeployed service members with a history of concussion 

and co-occurring combat stress did not support study hypotheses.  It was hypothesized that 

posttraumatic stress, as measured by the Posttraumatic Stress Disorder Checklist (PCL), would 

most likely consist of four factors.  The factor structure of posttraumatic stress disorder (PTSD) 

using the PTSD Checklist-Civilian version (PCL-C) has not produced consistent results with 

findings ranging from two to four factors per structure.  See Schinka, Brown, Borenstein, and 

Mortimer (2007) for an in-depth discussion of the different factor structures.  For this study, two 

structural equation modes (SEM) models of the PCL-C were analyzed.  The first SEM model for 

the PCL-C is based on Weathers, Litz, Herman, Huska, and Keane (1993) factor analysis which 

consists of three symptom clusters: reexperiencing, avoidance, and hyperarousal.  The second 

model is a four factor model based on King, Leskin, King, and Weathers (1998), which posits 

that Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV) Items C1 

and C2 form a separate factor measuring avoidance, and that the remainder of the Criterion C 

items form a factor that measures emotional numbing.  The four-factor model has also been 

supported in different populations such as the elderly, cancer survivors, and Gulf War veterans 

(Schinka, Brown, Borenstein, & Mortimer, 2007; Simms, Watson, & Doebbeling, 2002).  More 

importantly, a recent meta-analysis supported this structure (Yufik & Simms, 2010).   

Of these models, the King, Leskin, King, and Weathers (1998) model had the best 

confirmatory fit index (CFI) and root mean square error of assessment (RMSEA) values, but 

these values did not meet criteria for an acceptable fit.  Overall, these models do not provide 
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support for a theoretical construct of posttraumatic stress symptomatology and therefore, cannot 

be used as evidence for a coherent syndrome/disorder as comprised of these specific indicators.  

It should be noted that the King, Leskin, King, and Weathers (1998) contains factors with only 

two items; this is a potential problem.  In terms of modeling, having a too few items on a factor 

can cause the program to over-estimate model parameters.  See Kline (2005), Marsh, Kit-Tai, 

Balla, and Grayson (1998), and Costello and Osborne (2005) for further discussion of item per 

factor ratio.  Given this information, researchers should consider developing and testing 

additional items to make Criterion C more robust.  Until such items have been developed and 

validated, researchers should be cautioned against extrapolating research results to clinical 

application.  In terms of clinical application, psychotherapists should be cautioned about 

interpreting a service member’s posttraumatic stress symptomatology in the theoretical context 

of PTSD as typically conceptualized with current measures.  This is especially relevant to the 

execution of manualized psychotherapies that have only been validated in non-active duty 

samples with PTSD and not with the population represented in the present study. 

Results of EFA on PCL did not yield a simple structure with multiple items strongly 

cross-loading.  The factor solution was marked by a first factor that was difficult to interpret 

because it was composed of myriad re-experiencing and hyperarousal symptoms.  Items 

pertaining to avoidance/numbing marked the second factor.  Interestingly, this second factor 

contradicts the majority of the literature that demonstrates that DSM-IV items C1 and C2 form a 

separate factor of avoidance and that the remainder of the Criterion C items form a factor of 

emotional numbing (Schinka, Brown, Borenstein, & Mortimer, 2007; Simms, Watson, & 

Doebbeling, 2002; Yutik & Simms, 2010).  Overall, results do not provide support for a 

subthreshold version of PTSD or acute stress disorder.  This significant divergence in structure 
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from the literature may be related to service members being involved in multiple traumas prior to 

being evaluated; most of the existing literature primarily focuses on single trauma cases.  Also 

clouding the structure of combat stress is the possible impact of social environment stressors 

such as family reintegration or divorce that may produce symptoms similar to combat stress.  For 

example, dealing with social stressors may manifest as difficulty with sleep and concentration.  

These social stressors may exacerbate or perpetuate posttraumatic stress-like symptoms, 

especially at 3 months and beyond.  In terms of psychotherapy, clinicians may want to focus on 

treating the presenting symptoms and not employ an empirically based treatment for PTSD.  

Alternatively, if employing an existing empirically based treatment, a clinician should 

judiciously try out such an approach and evaluate response along the way.  

The theoretical and clinical implications of this study’s findings related to combat stress 

should be considered given that the results are not supported by previous literature.  In general, 

this study suggests that there may be some fundamental differences between this study’s sample 

and other samples in the literature, which is predominated by veteran and civilian populations.  

Some fundamental differences between this study’s sample and a majority of the extant literature 

include that this sample only consisted of active duty and national guard/reservist on active duty 

orders that were within a year of redeployment.  Further, a majority of this sample had multiple 

deployments so they have likely experienced multiple traumatic events.  A third difference is that 

service members have to stay in an environment that is likely to produce multiple traumas or face 

legal action. Related, a veteran no longer has to worry about being redeployed and exposed to 

this stimulus, as does a previously traumatized active duty service member.  Given these 

differences, this should make clinicians question whether empirically based treatments for PTSD 

such as prolonged exposure and cognitive processing therapy are appropriate for this population.  
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This is especially important given that research has shown that the presence of subthreshold 

PTSD symptoms significantly raised the risk for suicidal ideation even after controlling for 

MDD and that higher numbers of subthreshold PTSD symptoms were associated with greater 

impairment, comorbidity, and suicidal ideation (Marshall, Olfson, Hellman, Blanco, Guardino, & 

Struening, 2001). 

In terms of neurobehavioral symptoms, this study hypothesized that the structure of 

persistent neurobehavioral symptoms would mimic the findings of Cicerone and Kalmar (1995); 

however, this was not the case.  We predicted that a factor structure similar to Cicerone and 

Kalmar (1995) would prevail because of the possible shared similarity of compensation-seeking 

behavior that is typically seen in active litigants and service members with PTSD in this study’s 

sample.  Developing a stable SEM model for the NSI is complicated by literature that does not 

support a clear factor structure.  A total of four models were tested and are based on the results of 

Cicerone and Kalmar’s (1995) and Caplan et al. (2010).   

Two SEM models based on the results of Cicerone and Kalmar’s (1995) cluster analyses 

were examined.  The first model is based on the results of Cicerone and Kalmar (1995) initial 

cluster analysis, which contains all 22-items that are parceled out into 4 factors: affective, 

cognitive, somatic, and sensory.  The second model contains 17-items with 4 factors: headache, 

sleep difficulty, numbness, hearing difficulty, and change in taste/smell were deleted.  Of these 

models, the 4-factor model with 17-items had the best CFI and RMSEA values, but these values 

did not meet criteria for an acceptable fit.  Overall, these models do not provide support for a 

coherent theoretical construct of postconcussion syndrome.   

The first model by Caplan et al. (2010) contains all 22-items within 2 factors: 

somatic/sensory and psychological and the second model contains all 22-items within 3 factors: 
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somatic/sensory, affective, and cognitive.  Of these models, the 3-factor model had the best CFI 

and RMSEA values, but these values did not meet criteria for an acceptable fit.  The negligible 

difference between the models does not help to classify the theoretical structure of persistent 

neurobehavioral symptoms.  Likewise, these models do not provide support for a coherent 

theoretical construct of postconcussion syndrome.   

In terms of all the theoretical models tested in the study for neurobehavioral 

symptomatology, the 4-factor model with 17-items had the best CFI and RMSEA values, but 

these values did not meet criteria for an acceptable fit.  As previously mentioned and when 

evaluated in total, these models do not provide evidence for construct validity and therefore, 

cannot be used as evidence for a coherent syndrome/disorder. 

Overall, models testing the theoretical structure of neurobehavioral symptoms do not 

support PCS/PCD as a construct and should suggest to the DSM-V committee that PCS/PCD 

may not belong in the next version of the DSM.  In terms of clinical implications, if the results of 

this study are true and replicable, clinicians cannot treat symptoms following MTBI as a 

syndrome, but symptoms following concussion should be treated individually.  For example, if a 

service member is experiencing a prolonged posttraumatic headache the clinician should 

evaluate perpetuating factors such as psychosocial stressors and refer to a physician for 

pharmacotherapy.  

EFA results for the NSI did not yield a simple structure with multiple items strongly 

cross-loading.  The factor solution was marked by a first factor that was difficult to interpret 

because it was composed of myriad sensory, somatic, and affective symptoms.  The second 

factor was marked by items pertaining to vestibular phenomenon (dizziness, balance) and 

posttraumatic headache (headache, nausea, vision problems, photophobia, phonophobia).  The 
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posttraumatic headache factor should be expected given that posttraumatic headache is a 

common persistent symptom that typically resolved within 6 months (Erikson, Neely, & Theeler, 

2010).  This structure is also not consistent with the majority of the literature; however, an 

ambiguous structure of neurobehavioral symptoms was also found by Benge, Pastorey, and 

Thornton (2009).  The lack of a coherent factor structure in this study continues to cloud the 

already diverse literature of the factor structure of neurobehavioral symptoms that range from 2 

to 4 factors.  One potential reason for this inconsistency is that the NSI may not meet modern 

psychometric properties as outlined in by the APA Task Force on Statistical Inferences 

(Wilkinson, 1999).  Another reason may be that some items on the NSI might benefit from being 

reworded to distinguish postconcussive symptoms from other diagnoses that have overlapping 

symptoms with PCS/PCD.  For example, when it asks about headaches, it should ask whether the 

headache started less than 7 days after the event because this would be consistent with the 

International Classification of Headache Disorders, 2nd edition (ICHD-2) definition of 

posttraumatic headache (Erikson, Neely, and Theeler, 2010).  It would also help to differentiate 

psychogenic-based headaches from posttraumatic headaches.  Relatedly, there is an inverse 

relationship between severity of head injury and incidence of posttraumatic headache.  The 

incidence of acute headache following MTBI ranges from 31% to 96% patients and is more 

persistent than headaches found in moderate to severe TBI which has an incidence of  4.3% to 

37% (Erikson, Neely, and Theeler, 2010).  This effort may help clarify the literature and bring 

the research community one step closer to a theoretical concept of PCS and possibly take PCD 

from a research diagnosis to an actual diagnosis.  Overall, this analysis indicates that persistent 

neurobehavioral symptomatology as currently measured does not constitute a coherent 

psychological construct. 
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Overall, theoretical and exploratory analyses of neurobehavioral symptoms results do not 

provide a structure that would be considered a disorder/syndrome.  This should suggest to the 

DSM-V committee that PCD may not belong in the next addition of the DSM.  Being that there is 

a lack of structure, clinicians should treatment symptoms following MTBI on an individual basis.  

Results of the EFA suggest that clinicians should focus on treating headaches, vestibular 

disturbance, and somatic complaints.  It may be more prudent for clinicians to focus more 

attention on treating somatic symptomatology given that headache is a common complaint and 

that cognitive complaints are not specific to somatization disorders (Lamberty, 2008).  

An EFA with a combined data set was employed to obtain an understanding of the 

structure of self-reported posttraumatic stress symptoms and neurobehavioral symptoms 

combined.  As with the EFA for the PCL and NSI, the combined data set produced a difficult to 

interpret structure with multiple cross-loadings.  The factor solution was marked by a first factor 

that primarily consists of posttraumatic stress symptoms and some neurobehavioral symptoms.  

The second factor primarily consists of neurobehavioral symptoms and some posttraumatic stress 

symptoms.   

Interestingly, the NSI and PCL-C share some common item content, but not all similar 

items strongly cross-loaded and some items that are not shared did strongly cross-load.  Shared 

item content between the NSI and PCL-C include memory difficulty (C3: Trauma-Related 

Amnesia and NSI14: Forgetfulness, can’t remember things), sleep difficulty (D1 and NSI18), 

irritability (D2 and NSI21), and difficulty concentrating (D3 and NSI15).  Irritability and 

difficulty concentrating for both instrument both strongly cross-loaded.  But shared items of 

sleep and memory difficulty did not strongly cross-load.  Only sleep difficulty on the NSI 

strongly cross-loaded, and neither of the memory difficulty items strongly cross-loaded.  Further, 
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NSI items sensitivity to noise, feeling anxious, and poor frustration tolerance strongly cross-

loaded.  According to Costello and Osborne (2005) this pattern of cross-loading suggests that 

items may be poorly written, there is a problem with item construction, issues with scale design, 

or the a priori factor structure could be flawed.  In terms of practical reasons for cross-loading, 

there are negligible wording differences between sleep difficulty items on these instruments.  So 

it is unclear why both items did not strongly cross-load.  It is also not understood why neither of 

the memory difficulty items for these instruments strongly cross-loaded.  This is consistent with 

Mirsky’s model of attention in that a person’s attention capacity may impact their memory 

capacity; therefore, it makes sense that if you are having difficulty concentrating you would have 

difficulty remembering.  One possible explanation for the cross-loading differences is that 

service members may be inconsistent reporting symptoms.  As for NSI items that strongly cross-

loaded (sensitivity to noise, feeling anxious, and poor frustration tolerance), these items would 

seem intuitively related to posttraumatic stress.  For example, the author has observed that 

sensitivity to noise in combat veterans is typically associated with flashbacks being triggered by 

a back-fire from vehicles or fireworks.  Feeling anxious is typically reported in service members 

who go to crowded places such as shopping malls. 

Overall, the analysis of the combined data does not provide evidence of construct validity 

for the PCL or NSI as measuring separate constructs.  Likewise, these analyses do not provide 

evidence that the combination of posttraumatic stress and concussion symptoms constitute a 

syndrome/disorder.  In practice, the results of this analysis should alert clinicians to the interplay 

of posttraumatic psychological and neurobehavioral symptoms, and how symptoms typically 

associated with concussion can manifest as or perpetuate posttraumatic stress symptomatology.  
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Limitations 

There are multiple limitations of this study.  The first and probably most important is the 

lack of screening of response styles based on symptom validity measures.  Such screening is 

important because of financial compensation for PTSD from the Veteran’s Administration (VA).  

The process that service members go through to receive compensation from the VA is typically 

far less involved than what civilians have to go through during the civilian litigation process.  

Symptom over- and under-reporting makes it difficult to arrive at a true structure of any 

underlying clinical syndrome.  A second limitation is the use of the civilian version of the PCL.  

Results may have been different if the military version of the PCL had been used because it was 

designed to capture information specific to combat-related posttraumatic stress.  Related, there is 

a second method of scoring the PCL that involves mapping the PCL-C items onto diagnostic 

decision rules.  There are three symptom clusters of the PCL-C that are consistent with B, C, and 

D diagnostic criteria for PTSD in the Diagnostic and Statistical Manual of Mental Disorders 

(DSM-IV-TR), fourth edition, text revised (2000).  By treating each item rated as three 

(moderate) or higher as a symptom endorsed, then following the DSM-IV-TR diagnostic rules (at 

least one reexperiencing symptom, three avoidance and numbing symptoms, and two 

hyperarousal symptoms) a researcher can generate a categorical distinction between likely PTSD 

cases and non-cases.  Analysis using this scoring rule could not be used because the sample size 

of a likely PTSD group would have been too small.  Being able to use this scoring method would 

have allowed for further examination of self-reported symptoms with specific focus on 

discussing the similarities and difference between the two scoring methods.  Results may have 

also been different if researchers used a structured interview such as the clinician administered 

PTSD scale (CAPS) instead of the PCL.  The end result of the CAPS is a confirmation or 
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disconfirmation of a diagnosis, whereas the PCL is a measure of posttraumatic stress that is 

considered clinically significant based on whatever study’s cut score is applied.  Further, studies 

of cut scores on the PCL have never been conducted on active duty personnel and therefore have 

limited generalizability and limited ecological validity for the active duty sample that was used 

in this study.   

Interestingly, these instruments do not play a major role in the decision process for 

determining whether a service member should stay or be evacuated State side from a combat 

zone.  Instead, a combination of subjective and objective information is used to make this 

decision.  These instruments also do not play a pivotal role in garrison when the Army decides 

whether to medically separate a person for PTSD or persistent postconcussive symptoms.  In 

regards to separating soldiers for PTSD, the decision is made by psychiatrists who do not 

typically use psychological tests to arrive at their diagnoses.  In terms of persistent concussion 

symptoms, the decision to medically separate a soldier is typically related to the impact headache 

symptoms have on the soldier’s functioning on the job (Theeler, 2012).  Where the findings of 

this study come into play is with the people who develop diagnostic criteria for PTSD and PCS 

and researchers that use the PCL and NSI to evaluate posttraumatic stress and persistent 

postconcussion symptoms.  Results of this study should make clinicians question whether the 

PCL and NSI actually measure what they are purported to measure and whether they should use 

the CAPS instead of the PCL in an active duty sample. 

   

Directions for Future Research 

It would be beneficial to the behavioral health community to conduct multitrait 

multimethod (MTMM) as per Bagozzi (1991), to determine whether PCS is a distinct construct.  
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Establishing PCS as a separate and coherent construct should help move it from a research 

diagnosis to an actual diagnosis in the DSM-V.  When developing a MTMM model, 

consideration should be given to including a measure of posttraumatic stress and depression 

given that major depressive disorder commonly co-occurs with PTSD and PTSD is common 

following a concussive event.   

A potential study to carry out this approach would consist of a cross section of all types 

of infantry from across the Army (i.e., airborne, air assault, light, and mechanized) and Marine 

Corps (i.e., heavy weapon and light infantry) and a heterogeneous group of service members 

who perform service support jobs (to help evaluate ecological validity).  At a minimum, each 

group with have a 1:10 variable-to-subject ratio to ensure model parameters keep bias at a 

minimum.  Instruments for this study would include the PCL-M, NSI, and Beck Depression 

Inventory-II (BDI-II).  The BDI-II would be included because MDD commonly co-occurs with 

PTSD and shares symptoms on the NSI (Kessler Kessler, Sonnega, Bromet, Hughes, and Nelson, 

1995).  Comparing these instruments should provide the ultimate test of convergent and 

discriminate validity.  In addition to running a MTMM analysis, multi-group CFAs can be used 

to determine if there are any differences between groups.   

The clinician administered PTSD scale and structured clinical interview for DSM 

disorders- I (SCID-I) would be used to screen participants.  The CAPS would provide a better 

estimate of whether the level of combat stress the service member is experiencing is subthreshold 

PTSD or clinically significant PTSD.  Results of this test would be used to separate service 

members into subthreshold PTSD and clinically significant PTSD groups.  Separating groups 

like this may provide researchers with a better understanding of combat stress in service 

members because previous research has shown that subthreshold PTSD symptoms, as opposed to 
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clinically significant PTSD, was associated with greater impairment, comorbidity, and suicidal 

ideation (Marshall, Olfson, Hellman, Blanco, Guardino, & Struening, 2001).  The SCID-I would 

be used to screen out those with common co-occurring psychiatric disorders such as major 

depressive disorder (MDD).  The MMPI-2 would also be used screen those that may be 

exaggerating or malingering.  It is important to use a symptom validity test because symptom 

exaggeration is common amongst service members with PTSD and the inclusion of exaggerators 

may distort the true structure of combat stress and neurobehavioral symptoms.  The traumatic 

event sequalae inventory would be used to gain an understanding of perpetuating factors such as 

financial issues that can possibly be used in covariance and factorial analyses.  Number and type 

of concussion would be collected.  A multi-group CFA would be employed comparing 

subthreshold and clinical PTSD to determine whether there is a structural difference.  If possible, 

another multi-group CFA would be employed using service members who were previously 

diagnosed with PTSD and are now subthreshold and those who are subthreshold and never met 

full diagnostic criteria for PTSD.  As previously mentioned, structures would be compared to 

determine whether there is a structural difference.  This analysis is important because it would 

enlighten the behavioral health community to whether there are differences that might help tailor 

a prevention plan for both groups.   

 

Conclusion 

The present study is one of many studies that have examined the structure of 

neurobehavioral and posttraumatic symptomatology, but this is the first study to examine the 

structure of these symptoms in an active duty sample.  Another first is the use of theoretical 

models to explore the construct of neurobehavioral symptoms.  Seeing that the models for this 
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study did not support the findings in the literature should be an indication to clinicians in the 

military that there may be a lack of ecological validity for the PCL which was validated on other 

populations and that persistent neurobehavioral symptoms in military personnel may be a 

amalgamation of several problems rather than a coherent syndrome.  For example, posttraumatic 

headache presents similar to tension-headaches (Erikson, Neely, & Theeler, 2010). 

One important implication of the current findings is that the NSI continued to question 

the coherence of PCS as a single construct, and that polythetic diagnostic criteria for a 

disorder/syndrome remains elusive.  The DSM-V committee, when determining whether to move 

PCD from a research diagnosis to an actual diagnosis, should take this into consideration. 
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