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Post 
Deployment 

Conditions

Measurement
• Mid-Atlantic MIRECC Assessment of TBI (MMA-TBI)
• Salisbury Blast Interview (SBI)

Symptoms
• Blast and PTSD affect self-reported symptoms

independently
• Blast exposure is more relevant than TBI in psychiatric

symptom presentation

Cognitive Function
• Blast TBI results in poorer attention than TBI or blast

alone

Structural Neuroimaging
• Blast is related to increases in white matter

hyperintensities over time
• Blast is related to lower hippocampal volume

Rowland et al., 2020a; Rowland et al., 2020b; Martindale et al., 2021a; 
Martindale et al., 2020; Taber et al., 2015; Martindale et al., 2018; Martindale et al., 2021b; 



Functional Neuroimaging

Image Credit: Biafra Ahanonu, based on Sejnowski, 2014



Magnetoencephalography (MEG)

Image Credit: Volgyi et al., 2015; NIMH, NIH, DHHS



Poll Question

How familiar are you with magnetoencephalography (MEG)?

A. None – Unaware of MEG
B. Minimal – Familiar with MEG (e.g., heard of, read about)
C. Moderate – Have worked with MEG clinically or as part of research
D. Strong – Work with MEG often



Magnetoencephalography

Image Credit: Aydin et al., 2014; Peitz et al., 2021
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Magnetoencephalography



Image Credit: van den Heuvel & Sporns, 2011

Network Analysis



Network 
Analysis

Image Credit: The Emotional Intelligence Network
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Veteran TBI Research Connectome
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Veteran TBI Subnetwork



Veterans TBI Research Connectome

Image Credit: VOS Viewer



Functional 
Connectome 
in PTSD and 

TBI

PTSD
Connectivity Strength

• ↓ connectivity
Organization and Topology

• ↓ small-worldness (veterans; MEG)
• ↓ clustering coefficient (veterans; MEG)
• ↑ clustering coefficient (civilian; fMRI)
• ↑ global efficiency (civilian; fMRI)

TBI
Connectivity Strength

• ↑ connection strength in DMN and Rich Club
Organization and Topology

• ↑ small-worldness (veterans; MEG)
• ↑ clustering coefficient (veterans; MEG)
• ↓ modularity (civilian; fMRI)
• ↓ local efficiency in DMN (civilians)
• Hyperconnectivity



Objective

Purpose
Clarify variability in connectivity strength as well 
as organization and topology of the functional 
connectome in Veterans with PTSD, mild TBI, 
and/or blast exposure

Hypotheses
• ↑ Connection strength in TBI
• ↓ Connection strength in PTSD
• ↑ Organization in TBI
• ↓ Organization in PTSD



Method



Sample

Study 34, Chronic Effects of Neurotrauma Consortium (CENC)
• Inclusion: deployed after 9/11/2001, combat exposure
• Exclusion: moderate to severe TBI, major neurologic 

disorder, serious mental illness, dementia, current 
substance use disorder, psychosis, ferrous metal, electrical 
implant, pregnancy, performance or symptom validity 
failure

• N = 181 (neuroimaging sample)

Measures
• Salisbury Blast Interview (SBI)
• Mid-Atlantic MIRECC Assessment of TBI (MMA-TBI)
• Structured Clinical Interview for DSM-IV (SCID)
• Clinician Administered PTSD Scale (CAPS-5)
• Magnetoencephalography (MEG)

Rowland et al., 2020a; Rowland et al., 2020b; First et al., 1991; Weathers et al., 2013



Sample 
Characteristics

Rowland et al., 2021



Measures
• Current and Lifetime PTSD Diagnosis were determined 

using the CAPS-5 and represented with mutually exclusive 
variables. 

• Deployment TBI was determined using the MMA-TBI. The 
presence of blast related Deployment TBI and the 
presence of non-blast related Deployment TBI were used 
in analyses. 

• Blast Characteristics were evaluated using the Salisbury 
Blast Interview (SBI). This included frequency of blast 
exposure and severity of blast exposure. 

• Covariates: age, sex, minority status and time since 
deployment acquired TBI.

Weathers et al., 2018; Rowland et al., 2020a; Rowland et al., 2020b



Functional 
Connectome

Image Credit: Rowland et al., 2021



Data Analysis

Initial Model

Age
Sex
Minority Status
Time Since TBI
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Blast TBI
Non-Blast TBI
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Results



Blast TBI
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Blast TBI
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Blast Severity

Rowland et al., 2021
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Discussion

Changes to the connectome are associated with blast TBI history as well as the 
interaction of blast TBI history with current PTSD

Time since injury is an important consideration
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Discussion

Deployment TBI increases risk for developing PTSD
• Fear learning
• Changes in brain structure

B
last is an important characteristic for TBI

Yurgil et al., 2014; Stein et al., 2015; Glenn et al., 2017; Terrio et al., 2009; Rowland et al., 2020 
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Deployment TBI increases risk for developing PTSD
• Fear learning
• Changes in brain structure
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Discussion

Emerging work on blast
• White matter
• Brain volume
• Brain function
• Psychiatric presentation

Most of this work is limited by its 
cross-sectional nature
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TBI in PTSD Recovery



TBI in PTSD Recovery

Blast TBI PTSD Connectome



TBI in PTSD Recovery

PTSD Recovery

Connectome

Blast TBI PTSD Connectome



Discussion

• Invisible wounds of war



Discussion

• Invisible wounds of war

The Invisible Wounds 
of War



Future Directions &
Clinical Implications
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Biomarkers of Blast

Blast is important to consider

• Unique effects across multiple domains
• Clarify when and how

Future Directions • Functional Neuroimaging shows changes

& • How is everything connected?

Clinical Implications Time matters

• Time since injury changes presentation
• Acute versus chronic
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