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Abstract

Objective: To comprehensively characterize blast exposure across the lifespan and relationship to 

TBI.

Participants: Post-deployment veterans and service members (N = 287).

Design: Prospective cohort recruitment.

Main Measures: Salisbury Blast Interview (SBI).

Results: 94.4% of participants reported at least one blast event, 75% reported a pressure gradient 

during a blast event. Participants reported an average of 337.7 (SD = 984.0) blast events (range 

0–4857), 64.8% occurring during combat. Across participants, 19.7% reported experiencing a 

traumatic brain injury (TBI) during a blast event. Subjective ratings of blast characteristics (wind, 

debris, ground shaking, pressure, temperature, sound) were significantly higher when TBI was 

experienced and significantly lower when behind cover. Pressure had the strongest association 

with resulting TBI (AUC = 0.751). Pressure rating of 3 had the best sensitivity (.54)/specificity 
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(.87) with TBI. Logistic regression demonstrated pressure, temperature and distance were the best 

predictors of TBI, and pressure was the best predictor of primary blast TBI.

Conclusion: Results demonstrate the ubiquitous nature of blast events and provide insight into 

blast characteristics most associated with resulting TBI (pressure, temperature, distance). The 

SBI provides comprehensive characterization of blast events across the lifespan including the 

environment, protective factors, blast characteristics and estimates of distance and munition.
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Introduction

Military service often results in exposure to a multitude of different blast forces throughout 

training, deployment and combat (1,2). Many service members deployed to combat zones 

in support of Operations Enduring Freedom (OEF), Iraqi Freedom (OIF) and New Dawn 

(OND) have been exposed to blasts or explosions, often without symptoms of traumatic 

brain injury (TBI) at the time of exposure (3). In the instance of TBI, exposure to blasts 

accounts for roughly 78% of wounded-in-action cases in OEF/OIF/OND service members 

and veterans (4). Given the high prevalence of exposure to blasts and explosions, it is 

important to understand the potential sequelae of such exposures and the circumstances that 

most likely lead to negative outcomes.

Currently, no well-accepted, standardized criteria exist to identify and characterize an 

individual’s experience of blasts or explosive events such as those that exist for TBI 

(5,6). The myriad variables present during a blast event make characterization and 

standardization difficult (3). These include the source (e.g., rocket, mortar, improvised 

explosive device, heavy weapons), magnitude and distance of the blast, as well as the 

presence of environmental factors (e.g., protective gear, reflective surfaces) that can alter 

the generated forces. Despite this limitation, several studies have assessed sequelae of blast 

exposure using a variety of methods.

A few longitudinal studies have reported detrimental acute effects of blast exposure in a 

portion of military personnel undergoing breacher training (7,8), heavy weapons training (9), 

and with subconcussive blast exposures during deployment (10). Cross-sectional studies 

have reported higher levels of self-reported symptoms associated with blast exposures 

during deployment (3) and in personnel with repeated exposures to low-level blasts 

(e.g., breachers, operators of heavy weapons) (11). These results have been observed in 

individuals without history of TBI. For example, Mac Donald et al. (2017) found elevated 

symptom burden in blast-exposed combat veterans without TBI compared to those without 

a history of either TBI or blast exposure (12). Close-range (<10 m) blast exposure has 

been demonstrated to alter functional connectivity within the default mode network (13,14). 

Effects of blast exposure on white matter integrity have repeatedly been demonstrated in 

the absence of TBI (15–18). Grande et al. (2018) demonstrated deficits in verbal memory 

associated with close-range blast exposure and with greater number of exposures at any 

distance (19). Together, these studies support blast exposure as an important factor in 
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post-deployment outcomes independent of TBI. Further, these studies demonstrate that blast 

exposure is potentially associated with alterations in brain function and structure months to 

years later, even when individuals do not experience TBI associated with the event.

A significant weakness in the body of work investigating blast exposure is the heterogeneity 

in methods used to characterize blast exposure across studies, limiting the generalizability 

and translational potential of this work. Most studies of blast exposure in humans have relied 

on some form of retrospective self-report elicited by either questionnaires or structured 

interviews. These assessments typically focus on the presence or absence of blast exposure, 

with no quantification of frequency or severity (13,14,16,19). The two published measures 

evaluating blast exposure are the Boston Assessment of Traumatic Brain Injury-Lifetime 

(BAT-L (20)) and the Virginia Commonwealth University (VCU) Retrospective Concussion 

Diagnostic Interview, Blast Version (VCU rCDI-B (4)). Both of these measures were 

developed and validated to assess TBI, with no published psychometric studies of the blast 

aspects of the instruments. The BAT-L obtains limited details about the three most severe 

exposures to blast. For any remaining blasts, only estimates of distance from the blast are 

obtained. The VCU rCDI-B evaluates only the single worst blast exposure. The BAT-L 

and VCU rCDI-B share two common limitations for characterizing lifetime blast exposure, 

stemming directly from the fact that they are TBI interviews. First, a restricted sample 

(between 1 and 3) of blast events are evaluated. This does not allow investigations into 

how the number of exposures might relate to outcomes and prognosis. This is a significant 

weakness given the growing evidence suggesting that a higher number of exposures to 

even subconcussive events (i.e., in the absence of TBI) is associated with increasing risk of 

detrimental outcomes (3,11,19). Second, the instruments obtain a limited characterization of 

each event. This is particularly important in a nascent field. Without a full characterization 

of events (including protective factors, environmental factors and forces present) important 

contributing factors cannot be investigated and may be overlooked. The lack of instruments 

dedicated to fully characterizing blast exposure across the lifespan of an individual is a 

significant limitation when attempting to evaluate the sequelae or the specific characteristics 

of blast exposure that are important for understanding outcomes.

The Salisbury Blast Interview (SBI) was developed to address these identified issues 

with currently used, but unvalidated measures and provide a mechanism to improve 

understanding of blast exposure and sequelae. The SBI is a structured interview that 

characterizes blast events across the lifespan, independent from TBI (12,15–18). The 

interview gathers data regarding several aspects of each blast event. As noted above, a 

true validation study against clinical criteria or clinical judgment is not possible due to the 

lack of an accepted definition operationalizing what constitutes blast exposure. Instead, this 

manuscript evaluates how aspects of the blast exposure and the experience of the blast are 

altered by environmental and protective factors. We also demonstrate how distinct aspects of 

blast events are related to subsequent outcomes, including psychiatric symptoms, psychiatric 

disorders and TBI, among other functional outcomes. The goal of developing this interview 

is to provide a systematic way to collect data about an individual’s exposure to blasts and 

explosions of all types and severities to more fully understand the specific characteristics 

that may be associated with negative outcomes.

Rowland et al. Page 3

Brain Inj. Author manuscript; available in PMC 2022 April 13.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



Materials and methods

Participants

Participants were 287 combat-exposed individuals (14% female) in the US Armed Forces 

(9.9% active duty) who deployed in support of OEF/OIF/OND. Data were gathered as 

part of a larger neuroimaging project. Inclusion criteria for the study were: deployment 

in support of the wars in Iraq or Afghanistan after September 11, 2001; combat exposure 

defined as a score of 18 or greater on the Deployment Risk and Resiliency Inventory-2 

(DRRI-2 section D (21)); English speaking; 18 years of age or older, and ability to provide 

informed consent. Exclusion criteria were: lifetime history of moderate or severe TBI or 

penetrating head injury; TBI outside of deployment with loss of consciousness (LOC); 

history of major neurologic disorder such as stroke, seizure, or spinal cord injury; history of 

serious mental illness (e.g., bipolar disorder, schizophrenia); current presence of dementia, 

substance use disorder, or psychosis. Additional exclusion criteria related to neuroimaging 

activities were pregnancy, inability to tolerate an enclosed space for magnetic resonance 

imaging (MRI), or presence of ferrous metal other than dental fillings.

Participants completed a brief telephone screening and were not scheduled if they reported 

any exclusion criteria. Participants then completed an assessment visit to provide thorough 

characterization and fully evaluate eligibility criteria prior to enrollment in neuroimaging. 

Current data were obtained from the assessment visit; therefore, some participants may have 

met exclusion criteria listed above.

Measures

All measures were administered in a standardized manner by licensed psychologists, 

neuropsychologists, as well as trained and supervised research staff and post-doctoral 

fellows.

The Salisbury Blast Interview (SBI).—The Salisbury Blast Interview (SBI) is a 

structured interview evaluating events involving blasts or explosions across the lifespan 

(see Appendix A). Participants are asked about lifetime history of exposure to blasts 

or explosions regardless of the source, with events categorized according to military, 

deployment and/or civilian setting. The interview can be used alone, or accompanied by 

other measures and interviews. In the current study, additional questions were added to the 

SBI, the structured TBI interview, and the CAPS-5 to allow events to be cross-referenced. 

For example, the TBI interview confirmed which TBIs occurred during blast events. The 

SBI was developed to be applicable to both veterans and active duty service members, but 

could be easily utilized with other populations.

The initial query is purposefully broad to encourage reporting of any and all blast or 

explosive events, regardless of distance or severity. Because there is no agreed-upon or 

empirically supported definition of what constitutes a blast exposure, the interview is 

designed to gather information on as many events as possible (e.g., an IED detonating 5 

feet away, or a rocket detonating 500 yards away). This allows the comparison of various 

definitions of blast exposure to be applied to the data, evaluating how different definitions 
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may relate to outcomes. The date of each event is recorded and the environment is noted 

(combat, deployment, military service, or nonmilitary related). Circumstances (e.g., in a 

vehicle, wearing protective gear, behind cover), effects (e.g., thrown to the ground), blast 

event characteristics (e.g., wind, ground shaking, pressure change), distance, and other 

information about each event are collected. A distinguishing aspect of the interview is 

the provision of ratings by participants of their own experience across six blast event 

characteristics: wind, debris, ground shaking, pressure change, temperature change and 

sound (see Appendix B for behavioral anchors). Behavioral anchors standardize ratings 

across participants that may have experienced a blast or explosion across a variety of 

environments, munition types and/or distances.

Due to the potential for a large number of blast events in the OEF/OIF/OND population, 

a mechanism to capture multiple, highly similar events was included. For example, if the 

participant regularly engaged in route clearance or munition disposal they may report many 

blast events of a very similar nature under very similar circumstances. In these situations, a 

single rating is made representing a typical event, then the number of events and the time 

frame in which they occurred is recorded. This mechanism substantially reduces the time 

required to complete the interview. Manualized instructions for the interview are available 

by request from the corresponding author.

Several other interviews were administered to characterize participants. The Structured 

Clinical Interview for DSM-IV Diagnosis (SCID (22)) was used to determine the presence 

or absence of any Axis I psychiatric diagnosis. The Clinician Administered PTSD Scale 

− 5 (CAPS-5 (23)) was used to determine the presence or absence of current and lifetime 

PTSD. The Mid-Atlantic MIRECC Assessment of TBI (MMA-TBI) (unpublished; available 

upon request from the corresponding author) is a structured interview developed at the Mid-

Atlantic Mental Illness Research, Education and Clinical Center (MIRECC). This interview 

provides a comprehensive assessment of brain injuries occurring across the lifespan. The 

cause, duration of LOC, alteration of consciousness (AOC) and post-traumatic amnesia 

(PTA), as well as symptoms immediately following each occurrence (e.g., headache, balance 

problems, vision problems), are evaluated. TBI severity was assigned based on VA/DoD 

consensus criteria (6).

Self-report measures were also included to evaluate current PTSD symptoms (PTSD 

Checklist – 5; PCL-5 (24)), postconcussive symptoms (The Neurobehavioral Symptom 

Inventory (25)), and combat exposure (The Deployment Risk and Resiliency Inventory, 

Version 2, Combat Experiences; DRRI-2 module D (21)). The Structured Inventory of 

Malingered Symptomatology (SIMS) (26) evaluated the validity of symptom presentation. 

Cutoff scores for a variety of populations have been developed; however, none are specific 

to service members or veterans (27). Therefore, a lenient cutoff score of 24 was selected for 

comparisons adjusting for symptom validity.

Analyses

Analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA). 

All statistical tests were conducted using an alpha value of 0.05, uncorrected for multiple 

comparisons. Analyses were conducted at the participant level, with a single outcome 
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for each participant, as well as at the event level, where a single participant could 

have contributed multiple events. At the participant level (n = 287), group comparisons 

of outcome variables were conducted using ANOVA. Additionally, correlations among 

maximum reported blast event characteristic ratings and outcomes were conducted using 

Pearson’s r. At the event level, all individually rated blast events across participants were 

included (n = 867). Only individual ratings were used in comparisons of blast event 

characteristics (not data from multiple exposure ratings). This limited the influence of 

the small number of individuals with very high numbers of blast events on the outcomes, 

increasing generalizability to the majority of individuals with lower numbers of events. 

Correlations among ratings were conducted using Pearson’s r. Logistic regression evaluated 

the individual contribution of ratings and distance to the experience of a TBI during a blast 

event. All independent variables (blast event characteristic ratings of wind, debris, ground 

shaking, pressure, temperature, sound, and distance from the blast) were entered into a 

single step. The dependent variable was a binary indicator of the experience of a TBI during 

the blast event. Sensitivity and specificity of each blast event characteristic rating were 

calculated for the likelihood that a blast event resulted in a TBI. Area under the curve (AUC) 

was calculated for each rating in relation to the experience of a TBI during a blast event. 

To assess for effects of validity, analyses were calculated with all participants, and also after 

excluding participants who scored above cutoff on the SIMS. Removal of these participants 

(n = 39) did not alter results; therefore, presented results include the entire sample (n = 287 

participants and n = 867 events). Next, analyses related to TBI were repeated after removing 

participants with any history of TBI involving forces other than primary blast (analysis 

conducted using n = 79 participants and n = 184 events). This allowed an examination 

of the experience of TBI due to blast forces alone. Finally, analyses were repeated after 

removing participants with any history of TBI at all (analyses conducted using n = 54) to 

allow examination of the effects of blast forces alone.

Results

All participants

Table 1 provides descriptive statistics for demographic and other characteristic variables for 

the sample. In the current sample, 94.4% of participants reported at least one blast event 

during their lifetime (M = 337.7, Mdn = 51.0, Mo = 1, SD = 984.0, min = 0, max = 11555). 

There was a wide range in the number of blast events reported, 25% of the sample reported 

5 or fewer events, 50% of the sample reported 51 or fewer events, and 75% of the sample 

reported 221 or fewer events. Across all blast events, 15.9% occurred within 10 feet of 

the participant and 44.1% occurred within 100 feet of the participant. Participants reported 

that 98.8% of blast events occurred during military service, 88.4% during deployment, and 

64.8% during combat (percentages are not mutually exclusive). Across participants, 19.7% 

reported experiencing a TBI during a blast event and 30.2% reported a blast event was the 

criterion A event for evaluation of PTSD.

Event level analyses

Helmets were the protective factor most likely to be present during a blast event, followed 

closely by an object between the individual and the blast, and body armor (see Table 2). 
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Few blast events involved forces other than primary blast, with 56 (6.5%) events reported to 

have an associated injury, 71 (8.2%) events involved being thrown to the ground, 87 (10.1%) 

being thrown into something, and 78 (9.0%) being hit by an object (percentages are not 

mutually exclusive).

Ratings of blast event characteristics spanned the full range of possible responses (see Table 

3), but most fell toward the lower end of the rating scale. All characteristic ratings were 

significantly higher for blast events involving TBI and these events tended to be closer (see 

Table 4).

Logistic regression was used to predict the occurrence of a TBI during a blast event from 

the blast event characteristic ratings and distance. Bivariate correlations indicated acceptable 

collinearity (r = 0.02−0.63), therefore all ratings and distance were retained in the analysis. 

Null hypothesis testing suggested that slopes were different from zero (Likelihood Ratio 

χ2(7) = 214.1, p < .001). Results indicated that pressure (χ2(1) = 16.92, p < .001, OR 

= 0.82) and distance (χ2 (1) = 21.69, p < .001, OR = 1.01) were the only significant 

independent predictors of resulting TBI, both in the expected direction. This relationship 

is displayed in Figure 1 (All Participants). Wind, debris, ground shaking, temperature and 

sound did not independently contribute to the model.

Table 5 shows the sensitivity and specificity of each level of blast event characteristic ratings 

for TBI occurring during a blast event. A pressure rating of 3 had the highest sensitivity 

while maintaining adequate specificity. A temperature rating of 2 had similar specificity but 

slightly lower sensitivity. AUC for associations between each rating and the occurrence of 

a TBI are also provided in Table 5. The highest AUC was associated with pressure, again 

suggesting this variable has the strongest relation to the occurrence of TBI during a blast 

event.

Participant level analyses

As displayed in Figure 2, maximum reported blast event characteristic ratings were 

negatively correlated with distance, suggesting the farther an individual is from a blast event, 

the less severe their experience. Wind, pressure and temperature were positively correlated 

with the number of events, but debris, ground shaking and sound were not related (see 

Table 6, All events row). No rating was associated with the time since an event, suggesting 

the duration since an event did not affect how that event was rated. Maximum reported 

characteristic ratings, but not the number of events or distance from events, were positively 

correlated with report of current symptoms (see Figure 3 and Table 6 PCL Total and NSI 

Total). As expected, maximum reported characteristic ratings were also positively correlated 

with combat exposure (DRRI-2). In addition, environmental factors altered blast event 

ratings. Ratings for events during which an individual was behind cover were significantly 

lower for wind, F(1, 864) = 5.49, p = .019, ground shaking, F(1, 864) = 4.88, p = .027, 

pressure, F(1, 864) = 10.29, p = .001 and sound, F (1, 864) = 9.24, p = .002, but not for 

debris, temperature, or distance.
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Results in participants without history of TBI involving blunt forces

Participants with lifetime history of TBI involving forces other than blast were removed 

from the sample for the following analyses (n = 79 participants and n = 184 events retained 

for analyses).

Event level analyses—Characteristic ratings were significantly higher for events 

resulting in primary blast TBI (see Table 4, Primary Blast TBI). Logistic regression was 

repeated predicting TBI resulting from a blast event from the characteristic ratings. Again, 

bivariate correlations among characteristic ratings indicated low collinearity. Null hypothesis 

testing suggested that slopes were different from zero (Likelihood Ratio χ2(7) = 86.47, p 
< .001). Pressure displayed the strongest relationship to TBI (χ2(1) = 10.24, p = .001, OR 

= 0.49), followed by temperature (χ2(1) = 7.97, p = .005, OR = 0.53) and distance (χ2 (1) 

= 4.69, p = .030, OR = 1.00). All associations were in the expected direction (see Figure 

1, No History of Blunt TBI). No other variable had a chi-square value over 1. Sensitivity 

and specificity of subjective ratings were highly similar, with identical rating levels returning 

the best sensitivity while maintaining adequate specificity. Pressure again provided the best 

prediction of TBI at a rating of ‘3’ with specificity of 0.89 and sensitivity of 0.52.

Participant level analyses—Table 6 (Non-blunt TBI) demonstrates that bivariate 

correlations are highly similar between characteristic ratings and symptom presentation for 

the full sample and the non-blunt TBI sample.

Results in participants without history of TBI

Participant level analyses—Participants with lifetime history of TBI (regardless of 

the forces involved) were removed from the sample for the following analyses (n = 

54 participants retained for analyses). Table 6 (No TBI) demonstrates that bivariate 

correlations were similar to those in the whole sample, with significant correlations 

between characteristic ratings and clinical outcomes. Differences were noted for maximum 

wind (correlations were not significant for distance) and ground shaking (correlations not 

significant for distance). Time since blast events remained unrelated to characteristic ratings. 

The number of blast events remained unrelated to clinical outcomes and was also no longer 

related to characteristic ratings.

Discussion

These results demonstrate the ubiquitous nature of blast events for individuals deployed 

in support of OEF/OIF/OND, with over 94% of the sample reporting at least one blast 

event, regardless of distance or severity. Further, 75% of the sample reported experiencing 

a minimum level of pressure gradient from at least one blast event (pressure rating > 0). 

Should these rates generalize to the OEF/OIF/OND population more broadly, blast events 

involving a reported pressure gradient would be one of the most prevalent deployment-

related conditions. Despite this, few studies have investigated the unique effects of blast 

events on outcomes, as most studies focus on TBI resulting from forces including blast 

rather than on the experience of blast itself.
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Though many service members and veterans experience blasts and explosions during 

military service, there is no standardized assessment tool to fully characterize these 

experiences. Without standardized methods to measure and characterize blast events, it 

remains difficult to evaluate and understand their role in the subsequent physical and mental 

health of service members and veterans. Current methods obtain limited characterization 

of blast events and only fully evaluate a small number of the total events experienced 

by service members. With increasing reports of the effects of blast on brain structure 

and function (13,14,16–18) as well as cognitive function (19), a standardized method for 

evaluating and characterizing such events is critical.

The SBI is a structured interview that allows comprehensive characterization of exposure 

to blasts and explosions across the lifespan. It is purposefully inclusive across all events, 

regardless of distance or severity. It can be administered independently, or in conjunction 

with other measures such as structured interviews for TBI or psychiatric diagnoses. The 

SBI captures multiple aspects of blast events including the environment, protective factors, 

ratings of event characteristics, as well as estimates of distance and type of munition. These 

data are easily related to outcomes of interest including TBI, mental health diagnoses and 

functional outcomes, as well as demographic and psychosocial factors. The current results 

serve to demonstrate the questions that can be answered using the SBI and the unique 

characteristics of the data.

Blast event characteristic ratings are a distinguishing aspect of the SBI. These ratings allow 

individual characterization of blasts events beyond distance, to include wind, debris, ground 

shaking, pressure gradient, temperature gradient and sound. One limitation of previous 

assessment methods is the reliance on report of munitions and distance to estimate the 

severity of the event regarding pressure and likelihood of injury (4,20). This approach is 

complicated by the many protective and agonistic factors that can be present, as well as 

a low likelihood of an individual having accurate knowledge of the munitions outside of 

controlled environments. Instead, the SBI obtains ratings of what an individual actually 

experienced using behaviorally anchored Likert scales in an interview format to reduce the 

ambiguity of ratings. Like other instruments, the SBI relies on self-report, which is the 

accepted standard for all research and clinical evaluations of TBI and psychiatric diagnoses 

in the OEF/OIF/OND population.

These results provide support for the experience of a pressure gradient as an important factor 

associated with TBI resulting from a blast event (Tables 4 and 5, Figure 3). Though all 

ratings were significantly higher when an individual experienced a TBI (Table 4), logistic 

regression demonstrated that pressure, temperature and distance were the three factors 

contributing the most unique explanatory power. Sensitivity/specificity and AUC results 

demonstrated that pressure had the strongest association and the best predictive power (Table 

5). Further, when TBI due to primary blast forces only was examined (removing participants 

with TBI due to forces other than blast), pressure was again the strongest contributor to 

the experience of TBI. These results are consistent with current literature on the potential 

mechanisms of injury in primary blast TBI (28). These analyses could not be conducted 

using any other currently available method of quantifying and characterizing blast events.
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As expected, characteristic ratings varied with the presence of protective factors. Participants 

behind cover reported lower levels of wind, ground shaking, pressure gradient and sound. 

Ratings for debris and temperature were qualitatively lower but did not reach significance, 

whereas distance was qualitatively higher without reaching significance. This pattern 

suggests participants behind cover experienced lower severity of several blast characteristics, 

likely due to the protective factors of cover as well as being farther away. Further, the 

likelihood of a TBI resulting from a blast event increased as the pressure rating increased 

and the distance decreased (Table 5, Figure 3). This provides support for the validity of these 

ratings as measures of the participants’ experience during a blast event.

Correlations revealed significant relationships between blast characteristic ratings and 

clinical outcome variables including PTSD symptoms and neurobehavioral symptoms (Table 

6). Higher characteristic ratings were also associated with higher levels of combat exposure, 

as would be expected. However, combat exposure and characteristic ratings only shared 

between 16.5% and 27.7% of variance, suggesting characteristic ratings are not simply 

proxy measures of combat exposure. These relationships remained relatively stable when 

participants with TBI due to blunt forces were removed from analyses, and also when 

participants with lifetime history of any TBI were removed from analyses. This suggests 

characteristic ratings are also not proxy measures of TBI and that blast exposure in the 

absence of acute symptoms of TBI remains associated with detriemental outcomes. Finally, 

no characteristic rating was associated with the time since a blast event, suggesting ratings 

did not vary systematically and were not biased by the duration of time since an event. 

Similarly, only wind, pressure and temperature showed any association with the number of 

reported events, with increasing number of events associated with a small increase in the 

maximum rating for those respective characteristics.

Limitations of the SBI include a reliance on self-report retrospective data. Similar to 

evaluations of TBI, it is highly unlikely that researchers or clinicians will have access 

to individuals immediately following a blast event. Further, prospective studies of blast 

exposure in humans are not possible outside of highly specialized military occupations such 

as breachers. The SBI focuses on blasts and explosions; therefore, refinement of prompts 

may be necessary to capture effects of events not typically considered a blast or explosion, 

such as firing shoulder mounted weapons. The lack of a generally accepted definition of a 

blast exposure or a blast event precludes the development of concise outcomes or a scoring 

algorithm.

Overall, these results demonstrate the utility of the SBI, highlight the distinct types of data 

that can be extracted, and illustrate the unique questions that can be answered. Presented 

results are consistent with current literature regarding mechanisms of injury from blast 

exposures, suggesting report of the pressure gradient is the best predictor of TBI due to a 

blast event. Ratings of blast event characteristics on average were low, as would be expected 

when including assessments of any blast event regardless of severity or distance. These 

ratings varied in logical patterns across various environmental circumstances (e.g., being 

behind cover, increasing distance) and were related to reported symptom levels. The SBI is 

a demonstrably reliable method to comprehensively characterize blast events, particularly in 

military populations.
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Figure 1. 
The likelihood of experiencing a TBI as a result of a blast event increased significantly as 

(a) the pressure rating increased and (b) the distance from the blast decreased. AUC for each 

characteristic rating and distance from the blast are presented in Table 5.
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Figure 2. 
Median distance of blast events for each level of blast characteristic rating. All characteristic 

ratings were significantly negatively correlated with distance from the blast (presented in 

Table 6)
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Figure 3. 
PTSD and postconcussive symptoms of participants presented at the maximum reported 

pressure across blast events. PTSD and postconcussive symptoms were significantly and 

positively correlated with the maximum pressure rating. Correlations among symptom report 

and characteristic ratings are presented in Table 6.
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Table 1.

Descriptive statistics of demographic and characteristic variables.

Variable Total sample

n = 287

Age (years) 41.7 (9.8)

Education (years) 15.0 (2.2)

Number of Deployments 2.7 (3.4)

Minority (%) 45.6

Sex (% male) 86.2

Veteran (%) 92.9

Number blast events 337.7 (984.0)

Time since most recent 3697.7 (1311.55)

Blast event (days)

TBI history (%) 80.0

Deployment TBI history (%) 50.5

Number TBI 2.4 (3.4)

Time since most 4694.5 (3964.4)

Recent TBI (days)
a

Current PTSD (%) 37.3

Service branch (%)

 Army 42.6

 Army national guard 17.7

 Army reserves 13.1

 Marine corps 9.2

 Air force 5.9

 Navy 3.3

 Other 11.2

Values are reported as Mean (Standard Deviation) unless otherwise specified.

a
n = 259 as participants without TBI history are not included. Time Since TBI and Time Since Blast Event represents the most recent occurrence. 

Current PTSD is based on the CAPS-5.
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Table 2.

Frequency of the presence of protective factors during blast events.

Protective factor Present Absent

In a vehicle 271 (31.3%) 595 (68.7%)

Behind cover
a

465 (53.7%) 401 (46.3%)

Object between 560 (64.6%) 307 (35.4%)

Helmet 569 (65.6%) 298 (34.4%)

Ear protection 309 (35.6%) 558 (64.4%)

Eye protection 427 (49.3%) 440 (50.7%)

Body armor 534 (61.6%) 333 (38.4%)

Data presented from 867 individually rated blast events across the entire sample.

a
n = 866 due to a missing data point.
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Table 3.

Descriptive statistics of blast event characteristic ratings.

Variable Minimum Maximum Median Mean Standard Deviation

Wind 0 5 1.00 1.30 1.5

Debris 0 5 1.00 1.64 1.6

Ground shaking 0 5 3.00 2.54 1.5

Pressure 0 5 1.00 1.39 1.4

Temperature 0 5 0.00 0.67 1.2

Sound 0 5 3.00 3.31 1.3

Data presented from 867 individually rated blast events across the entire sample.
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Table 4.

Blast event characteristic ratings of all events compared across events involving TBI and not involving TBI, as 

well as for events involving individuals with primary blast TBI only and those without TBI history.

All Events
a

Primary Blast TBI
b

TBI Event (n = 169) Non-TBI Event (n = 698) Primary Blast TBI Event (n = 52) Non-TBI Event (n = 133)

Wind
c,e

2.01 (1.7) 1.13 (1.4) 1.94 (1.8) 1.01 (1.3)

Debris
c,e

2.64 (1.7) 1.40 (1.5) 2.77 (1.7) 1.44 (1.6)

Ground Shaking
c,e 3.40 (1.4) 2.33 (1.4) 3.65 (1.3) 2.44 (1.4)

Pressure
c,e 2.52 (1.5) 1.12 (1.3) 2.75 (1.4) 1.00 (1.2)

Temperature
c,e

1.41 (1.5) 0.49 (1.0) 1.71 (1.5) 0.32 (0.7)

Sound
c,e

4.04 (1.2) 3.13 (1.2) 4.00 (1.1) 3.07 (1.2)

Distance (feet)
c,d 81.34 (176.1) 953.72 (2418.4) 67.07 (195.3) 766.31 (1970.8)

a
Data presented from 867 individually rated blast events across the entire sample

b
Data presented from 185 individually rated blast events involving individuals with history of only Primary Blast TBI and individuals without TBI 

history; Data are presented as Mean (Standard Deviation)

c
TBI versus No TBI comparison significant at p < .001

d
Primary Blast TBI versus No TBI History comparison significant at p < .05

e
Primary Blast TBI versus No TBI History comparison significant at p < .001; TBI = traumatic brain injury.
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Table 5.

Sensitivity, specificity, and AUC of blast event characteristic ratings to the occurrence of TBI during the blast 

event.

Characteristic rating

1 2 3 4 5 AUC

Wind Sensitivity 0.702 0.554 0.423 0.214 0.113 0.645

Specificity 0.478 0.678 0.808 0.936 0.977

Debris Sensitivity 0.895 0.425 0.342 0.218 0.116 0.698

Specificity 0.492 0.527 0.688 0.855 0.959

Ground Sensitivity 0.952 0.893 0.792 0.506 0.250 0.655

Specificity 0.117 0.318 0.510 0.780 0.943

Pressure Sensitivity 0.857 0.762 0.512 0.250 0.125 0.752

Specificity 0.452 0.646 0.843 0.962 0.983

Temperature Sensitivity 0.554 0.429 0.286 0.071 0.054 0.668

Specificity 0.733 0.860 0.934 0.981 0.994

Sound Sensitivity 0.976 0.970 0.917 0.702 0.470 0.711

Specificity 0.010 0.063 0.341 0.662 0.797

Data presented from 867 individually rated blast events across the entire sample. AUC = area under the curve, TBI = traumatic brain injury. 
Underlined values represent the blast event characteristic rating with the best balance between sensitivity and specificity.

Brain Inj. Author manuscript; available in PMC 2022 April 13.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Rowland et al. Page 23

Ta
b

le
 6

.

C
or

re
la

tio
ns

 a
m

on
g 

bl
as

t e
ve

nt
 c

ha
ra

ct
er

is
tic

 r
at

in
gs

 a
nd

 s
ym

pt
om

 r
ep

or
ts

 f
or

 a
ll 

pa
rt

ic
ip

an
ts

, t
ho

se
 w

ith
 o

nl
y 

a 
hi

st
or

y 
of

 n
on

-b
lu

nt
 f

or
ce

 T
B

I,
 a

nd
 th

os
e 

w
ith

ou
t T

B
I 

hi
st

or
y.

M
in

im
um

 d
is

ta
nc

e
N

um
be

r 
of

 e
ve

nt
s

T
im

e 
si

nc
e 

ev
en

t
D

R
R

I-
2-

C
P

C
L

 T
ot

al
N

SI
 T

ot
al

M
ax

im
um

 w
in

d
A

lla
−

.1
70

**
.1

17
*

−
.0

14
.4

06
**

*
.2

45
**

*
.2

30
**

*

N
on

-B
lu

nt
 T

B
Ib

−
.2

64
*

.0
54

.0
66

.4
64

**
*

.2
84

*
.2

92
**

N
o 

T
B

Ic
−

.1
93

.0
46

.0
14

.4
35

**
*

.2
71

*
.2

69
*

M
ax

im
um

 d
eb

ri
s

A
lla

−
.2

23
**

*
.0

81
−

.0
94

.4
74

**
*

.2
69

**
*

.2
21

**

N
on

-B
lu

nt
 T

B
Ib

−
.4

29
**

*
.1

10
−

.0
48

.5
18

**
*

.4
13

**
*

.3
90

**
*

N
o 

T
B

Ic
−

.3
89

**
.1

43
−

.1
01

.5
07

**
*

.4
29

**
.4

19
**

M
ax

im
um

 g
ro

un
d 

sh
ak

e
A

lla
−

.1
66

**
.0

52
−

.1
10

.4
79

**
*

.3
27

**
*

.2
89

**
*

N
on

-B
lu

nt
 T

B
Ib

−
.3

67
**

*
.1

93
−

.1
43

.5
49

**
*

.4
38

**
*

.4
47

**
*

N
o 

T
B

Ic
−

.2
64

.2
23

−
.1

30
.5

05
**

*
.4

02
**

.4
01

**

M
ax

im
um

 p
re

ss
ur

e
A

lla
−

.1
34

*
.1

34
*

−
.0

66
.5

27
**

*
.3

46
**

*
.3

25
**

*

N
on

-B
lu

nt
 T

B
Ib

−
.4

10
**

*
.1

00
−

.0
98

.6
22

**
*

.4
97

**
*

.4
78

**
*

N
o 

T
B

Ic
−

.3
35

*
.1

95
−

.0
79

.6
59

**
*

.3
92

**
.3

65
**

M
ax

im
um

 te
m

pe
ra

tu
re

A
lla

−
.1

27
*

.1
41

*
.0

29
.4

68
**

*
.3

04
**

*
.2

74
**

*

N
on

-B
lu

nt
 T

B
Ib

−
.2

76
*

.1
73

.0
22

.6
35

**
*

.5
00

**
*

.4
92

**
*

N
o 

T
B

Ic
−

.3
35

*
.2

63
−

.0
31

.5
56

**
*

.4
42

**
*

.3
43

*

M
ax

im
um

 s
ou

nd
A

lla
−

.1
49

*
.0

75
−

.0
35

.4
14

**
*

.3
53

**
.3

17
**

N
on

-B
lu

nt
 T

B
Ib

−
.4

58
**

*
.1

89
−

.0
09

.4
81

**
*

.4
54

**
*

.4
22

**
*

N
o 

T
B

Ic
−

.4
67

**
*

.1
60

−
.0

01
.5

88
**

*
.4

34
**

*
.4

13
**

M
in

im
um

 d
is

ta
nc

e
A

lla
1.

00
−

.0
27

.1
39

*
−

.1
48

*
−

.0
25

−
.0

04

N
on

-B
lu

nt
 T

B
Ib

1.
00

−
.0

57
−

.0
08

−
.3

32
**

−
.2

34
*

−
.2

76
*

N
o 

T
B

Ic
1.

00
−

.1
26

−
.0

28
−

.1
95

−
.2

00
−

.2
46

Brain Inj. Author manuscript; available in PMC 2022 April 13.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Rowland et al. Page 24

M
in

im
um

 d
is

ta
nc

e
N

um
be

r 
of

 e
ve

nt
s

T
im

e 
si

nc
e 

ev
en

t
D

R
R

I-
2-

C
P

C
L

 T
ot

al
N

SI
 T

ot
al

N
um

be
r 

of
 e

ve
nt

s
A

lla
−

.0
27

1.
00

−
.0

54
.0

74
.0

86
.0

37

N
on

-B
lu

nt
 T

B
Ib

−
.0

57
1.

00
−

.0
78

.1
33

.1
21

.1
05

N
o 

T
B

Ic
−

.1
26

1.
00

−
.1

26
.1

88
.1

80
.1

83

a n 
=

 2
87

b n 
=

 7
9

c n 
=

 5
4

* p 
<

 .0
5

**
p 

<
 .0

1

**
* p 

<
 .0

01
; a

ll 
p 

va
lu

es
 a

re
 u

nc
or

re
ct

ed
; D

R
R

I-
2-

C
 =

 D
ep

lo
ym

en
t R

is
k 

an
d 

R
es

ili
en

cy
 I

nv
en

to
ry

 –
 2

 –
 C

om
ba

t E
xp

os
ur

e,
 P

C
L

 =
 P

T
SD

 C
he

ck
lis

t, 
N

SI
 =

 N
eu

ro
be

ha
vi

or
al

 S
ym

pt
om

 I
nv

en
to

ry
.

Brain Inj. Author manuscript; available in PMC 2022 April 13.


	Abstract
	Introduction
	Materials and methods
	Participants
	Measures
	The Salisbury Blast Interview (SBI).

	Analyses

	Results
	All participants
	Event level analyses
	Participant level analyses
	Results in participants without history of TBI involving blunt forces
	Event level analyses
	Participant level analyses

	Results in participants without history of TBI
	Participant level analyses


	Discussion
	Appendix A
	Appendix B
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.
	Table 6.

