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Learning Objectives

Identify how TBI 
acquisition environment 
affects long‐term 
outcomes. 

01
Explain how blast exposure 
is associated with long‐
term outcomes. 

02
Interpret and 
Conceptualize how distress 
tolerance may influence 
long‐term outcomes 
among Veterans with 
different exposure 
histories.  

03



Combat Veterans OEF/OIF/OND Majority Army

~10 years since deployment Mild TBI Symptom and Performance 
Validity



Traumatic Brain Injury (TBI)

Severe

AOC >24 hours PTA >7 days LOC >24 hours GCS 3‐8

Moderate

AOC >24 hours PTA >24 hours, <7 days LOC 30 min ‐ 24 hours GCS 9‐12

Mild

AOC <24 hours PTA <24 hours LOC <30 min GCS 13‐15

AOC = Alteration of Consciousness LOC = Loss of ConsciousnessPTA = Posttraumatic Amnesia GCS = Glasgow Coma Scale



Mild TBI

• < 3 months to 1 year
• Education is associated with better and faster recovery

Symptoms resolve quickly

• PTSD
• Depression

Other conditions often influence lasting symptoms

• Circumstances of injury
• Injury characteristics
• Pre‐existing conditions

Mixed evidence supporting long‐term negative effects of mild TBI



Deployment

High Level Blast

Environmental Stressors

Physical Stressors

Psychological Stressors

Non‐Deployment

Military Training

Low‐level Blast

Motor Vehicle Accidents

Sports
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Deployment vs Non‐Deployment TBI Summary

History of Deployment Mild TBI is 
associated with poorer long‐term
Psychological Outcomes

• Posttraumatic stress symptom
• Depressive symptoms 
• Neurobehavioral symptoms 
• Sleep Quality 
• Pain 
• Quality of Life 

Cognitive Performance
• Working Memory 
• Attention 
• Executive Function





Salisbury Blast Interview

SBI Pressure Change/Gradient Scale

0 none

1 slightly, noticeable but not uncomfortable

2 noticeable and uncomfortable

3 moderately, results in minor pain or alteration of function

4 resulted in minor injury

5 strongly, resulted in greater than minor injury

Rowland et al., 2020



Blast: Psychiatric Outcomes
Model 1: PTSD diagnosis
Model 2: PTSD diagnosis, Deployment TBI
Model 3: PTSD diagnosis, Deployment TBI, Max Blast Pressure
Cov: Combat Exposure

Associations with Blast  B p

PTSD Symptoms 2.00 .009

Depressive Symptoms 0.76 .011

Neurobehavioral Symptoms 1.69 .013

Sleep Quality 0.35 .148

Pain Interference 0.06 .899

Quality of Life ‐1.91 .136

Martindale et al., 2021b



Blast: Cognitive Outcomes

Cognitive Outcomes
Associations with Blast

B p

WAIS‐IV

PRI ‐0.31 .598

VCI 0.85 .102

WMI ‐0.04 .945

PSI 0.29 .602

TMT‐A 0.55 .361

TMT‐B ‐0.15 .788
Martindale et al., 2020

Model 1: PTSD severity
Model 2: PTSD severity, Deployment TBI
Model 3: PTSD severity, Deployment TBI, Maximum Blast Pressure
Cov: Combat Exposure



Martindale et al., 2020
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Blast Summary

Exposure to significant blast pressure 
has effects independent from TBI

Blast exposure is associated with poorer 
long‐term Psychological Outcomes

• PTSD symptoms
• Depressive symptoms
• Neurobehavioral symptoms

Blast exposure exacerbated effects of 
Deployment TBI on Cognitive Function SBI Pressure Change/Gradient Scale

0 none
1 slightly, noticeable but not uncomfortable
2 noticeable and uncomfortable
3 moderately, results in minor pain or alteration of function
4 resulted in minor injury
5 strongly, resulted in greater than minor injury



Resilience

The capacity to withstand or 
recover quickly from difficulties

The process and outcome of 
successfully adapting to difficult or 
challenging life experiences

Distress Tolerance

The ability to manage internal 
emotional state in response to 
stress‐inducing factors

Perceived ability to withstand 
aversive states



Look Back: Blast and Psychiatric Outcomes
Model 1: PTSD diagnosis
Model 2: PTSD diagnosis, Deployment TBI
Model 3: PTSD diagnosis, Deployment TBI, Max Blast Pressure
Cov: Combat Exposure

Associations with Blast  B p

PTSD Symptoms 2.00 .009

Depressive Symptoms 0.76 .011

Neurobehavioral Symptoms 1.69 .013

Sleep Quality 0.35 .148

Pain Interference 0.06 .899

Quality of Life ‐1.91 .136

Martindale et al., 2021b



Martindale et al., 2023

PTSD Diagnosis Deployment TBI Maximum Blast 
Pressure

Distress 
Tolerance

B p B p B p B p

Posttraumatic Stress Symptom Severity (PCL‐5) 13.04 < .001 1.01 0.579 1.10 0.072 ‐0.75 < .001

Depressive Symptom Severity (PHQ‐9) 3.63 < .001 0.55 0.431 0.41 0.086 ‐0.29 < .001

Neurobehavioral Symptom Severity (NSI) 6.96 < .001 1.68 0.322 0.97 0.091 ‐0.60 < .001

Sleep Quality (PSQI) 1.86 < .001 0.08 0.881 0.19 0.290 ‐0.13 < .001

Pain Interference (PROMIS‐PI) 4.41 < .001 1.68 0.171 ‐0.20 0.623 ‐0.19 < .001

Quality of Life (QOLIBRI) ‐11.29 < .001 ‐2.11 0.495 ‐0.38 0.713 1.34 < .001
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Distress Tolerance Summary

Related to long‐term psychological 
function

• Protective against developing 
psychiatric symptoms?

• Lower distress tolerance may be 
related to lower baseline 
psychopathology 

Possible explanatory mechanism for 
blast exposure or deployment TBI

Altered by blast exposure or TBI?



MOS Blast Risk

TBI Interviews with Blast Measurement
Boston Assessment of TBI – Lifetime (BAT‐L)
Mid‐Atlantic MIRECC Assessment of TBI (MMA‐TBI)
Virginia Commonwealth University (VCU) retrospective Concussion 

Diagnostic Interview, Blast version (VCU‐rCDI‐B)

Occupational Blast Measures
Blast Exposure Threshold Survey (BETS)
Blast Frequency and Symptom Severity (B‐FASS)
Blast Ordnance and Occupational Exposure Measure (BOOM) 
SOCOM Assessment of Blast Exposure (SABE)

Proxy Measures
Military Occupational Specialty (MOS)
Explosive Ordnance Disposal (EOD) Training

Blast Sensors/Gauges

Definition of Severity
Frequency
Distance
Pressure 
Risk Level
Direct Measurement of Force

Definition of Severity
Frequency
Distance
Pressure 
Risk Level
Direct Measurement of Force

Belding et al., 2020; Bliese et al., 2008; Fortier et al., 2014; Kuchinsky et al., 2021; 
Rowland et al., 2020; Sours Rhodes et al., 2022; Walker et al., 2015



Belding et al., 2020; Martindale et al., 2023; Rowland et al., 2021



24% of low risk MOS 
60% of high risk MOS

38% of low risk MOS 
65% of high risk MOS

Blast ExposureBlast Exposure

Low RiskLow Risk High RiskHigh Risk

Blast Exposure

Low Risk High Risk

Deployment TBIDeployment TBI

Low RiskLow Risk High RiskHigh Risk

Deployment TBI

Low Risk High Risk

Martindale et al., 2023



Results
Comparing MOS Risk Categories
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Brain Health Outcomes
Low Risk MOS

(n = 181)
High Risk MOS

(n = 75) t p
M SD M SD

NSI 22.25 15.81 23.89 14.66 ‐0.77 .440
PCL‐5 28.97 18.94 28.99 17.58 ‐0.01 .996
PHQ‐9 10.73 6.62 10.80 6.92 ‐0.08 .939
PSQI 10.50 4.28 10.33 4.23 0.28 .780
QOLIBRI 83.49 28.81 81.01 29.01 0.62 .533

*Unpublished



Results
Two‐Way Interaction: PCL‐5
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 Low-Risk MOS 

 High-Risk MOS 

 Blast Exposed 

   PCL-5  Group Contrasts 
Group MOS Risk Blast M  1 2 3 4 

1 Low + 36.10   • • • 
2 High - 28.10  •    
3 High + 27.41  •    
4 Low - 27.39  •    

• = significant differences between means at p < .05 
*Unpublished



Results
Three‐Way Interactions: NSI

 Low-Risk MOS 

 High-Risk MOS 

 Blast Exposed 

 Deployment mild TBI History 

14.63

17.40

21.42

21.50

23.95

27.87

29.80

32.41

0 5 10 15 20 25 30 35

Blast +

Blast ‐

Blast ‐

Blast ‐

Blast ‐

Blast +

Blast +

Blast +

TB
I ‐

TB
I ‐

TB
I +

TB
I ‐

TB
I +

TB
I +

TB
I ‐

TB
I +

Hi
gh

‐R
isk

M
O
S

Lo
w
‐R
isk

M
O
S

Hi
gh

‐R
isk

M
O
S

Hi
gh

‐R
isk

M
O
S

Lo
w
‐R
isk

M
O
S

Hi
gh

‐R
isk

M
O
S

Lo
w
‐R
isk

M
O
S

Lo
w
‐R
isk

M
O
S

NSI Average Score

    NSI  Group Contrasts 
Group MOS Risk TBI Blast M  1 2 3 4 5 6 7 8 

1 Low + + 32.41     • • • • • 
2 Low - + 29.80        • • 
3 High + + 27.87        • • 
4 Low + - 23.95  •      •  
5 High - - 21.50  •        
6 High + - 21.42  •        
7 Low - - 17.41  • • • •     
8 High - + 14.63  • • •      

• = significant differences between means at p < .05 *Unpublished



Results
Three‐Way Interactions: PHQ‐9
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    PHQ-9  Group Contrasts 
Group MOS Risk TBI Blast M  1 2 3 4 5 6 7 8 

1 Low + + 14.66      • • • • 
2 Low - + 12.93        • • 
3 High - - 11.89         • 
4 High + + 11.60        • • 
5 Low + - 11.08  •       • 
6 High + - 10.08  •        
7 Low - - 9.09  • •  •     
8 High - + 5.75  • • • • •    

• = significant differences between means at p < .05 

 Low-Risk MOS 

 High-Risk MOS 

 Blast Exposed 

 Deployment mild TBI History 

*Unpublished



Results
Three‐Way Interactions: QOLBRI
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    QOLIBRI  Group Contrasts 
Group MOS Risk TBI Blast M  1 2 3 4 5 6 7 8 

1 Low + + 71.72        • • 
2 High + + 75.32        • • 
3 Low - + 75.47         • 
4 Low + - 80.82          
5 High - - 81.11          
6 High + - 85.67          
7 Low - - 89.26  • •       
8 High - + 100.13  • • •      

• = significant differences between means at p < .05 

 Low-Risk MOS 

 High-Risk MOS 

 Blast Exposed 

 Deployment mild TBI History 

*Unpublished



Results
Three‐Way Interactions

Low‐Risk MOS High‐Risk MOS Blast Exposed Deployment TBI History

*Unpublished



MOS Blast Risk Summary

Is distress tolerance an explanatory factor?

Individuals in low‐risk MOS may be more vulnerable to 
long‐term psychological effects of blast exposure
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Wrap‐Up

Training Preparation to experience 
stressful/injurious events

Policy
Implementation of policies over time 
may reduce poor outcomes for high 
risk MOS

Awareness
Greater recovery for high risk MOS 
may be a result of earlier identification 
and treatment of blast injuries



Deployment TBI Blast Exposure PTSD

Distress Tolerance Training Other Individual Characteristics



Brain Health 
Outcomes
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