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Abstract. This updated review examines the use of functional magnetic resonance imaging 

(fMRI) for diagnosing blast-related traumatic brain injury (bTBI). In the past ten years, 

significant advancements have been made in our understanding of the mechanisms underlying 

bTBI, which is increasingly prevalent among both soldiers and civilians affected by war conflicts. 

This review summarises key findings from recent bTBI publications, highlighting new evidence 

regarding the mechanisms, recovery, and diagnostic approaches associated with this condition. 

It provides a comprehensive overview of the fMRI techniques currently employed to investigate 

mental processes commonly disrupted by bTBI, such as working memory, selective attention, 

and emotional processing. Additionally, the review addresses the limitations of fMRI as a 

diagnostic tool, including issues related to sensitivity and specificity. Finally, it discusses the 

potential applications of this research in clinical settings, emphasising the need for improved 

diagnostic methods to better identify and treat individuals suffering from the effects of bTBI. 

Keywords: review, functional magnetic resonance imaging, blast-related traumatic brain 

injuries. 

1.  Introduction 

Traumatic brain injuries (TBI) are induced structural injuries as a result from external forces, causing 

disruptions in consciousness, memory, and mental state [1]. Blast traumatic brain injury (bTBI) refers 

to a form of TBI generally resulting from a powerful explosion impacting the head, with primary 

mechanisms including ballistic head trauma, blunt head trauma, and primary blast-induced head trauma 

[2]. The bTBI is a disorder that exists on a spectrum, with cases ranging from mild, often presenting 

symptoms similar to or occurring with post-traumatic stress disorder (PTSD), to severe cases commonly 

associated with polytrauma [3]. There is a limited amount of research on the long-term effects of bTBI, 

but we can consider the long-term effects of non-blast-related TBI due to their similarity in nature. 

Traumatic brain injury may lead to a variety of symptoms, ranging from physical effects like dizziness 

and nausea, to cognitive difficulties like memory lapses and problems with focusing. It can also trigger 

behavioural shifts, including emotional instability and, in some cases, loss of consciousness [1]. It is 

worth mentioning, however, that classifications of TBI symptoms are inconsistent as multiple variables, 

such as the severity of head trauma or the proximity of medical care, may cause different symptoms [2]. 

The bTBI has always been frequent in soldiers, and is becoming increasingly prevalent in civilians in 

war conflicts such as in Ukraine and Iraq [4, 5].  
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The fMRI is a technique that measures changes in blood flow and oxygenation resulting from 

increased neural activity [6]. Common imaging techniques like CT and MRI may not always be able to 

diagnose mild bTBI, so investigating using fMRI to diagnose bTBI will act as a useful alternative. The 

goal of the current review is to update the previous review [7] with more recent findings and 

considerations for using fMRI in bTBI diagnosis.  

2.  Summary of Recent bTBI Publications 

2.1.  The understanding of bTBI 

Blast traumatic brain injury (TBI) shares similarities with closed head injuries. It includes primary blast 

injuries from pressure changes, secondary injuries from flying debris, tertiary injuries from body 

acceleration by blast winds, and quaternary injuries encompassing burns and lung damage from toxic 

gases. Each of these types of bTBI arise from different blast effects [8-10].  

The exact processes through which primary blast exposure leads to tissue damage remain unclear, 

but several critical factors have been identified, which includes spallation, implosion, cavitation, and 

inertial forces [11, 12]. Spallation takes place when a shock wave moves from a more dense medium to 

a less dense one, causing pieces of the denser material to break away and become embedded in the less 

dense material [12]. Cavitation and implosion are interconnected phenomena that occur when negative 

pressure causes dissolved gases in fluids to form bubbles. Under negative pressure, these bubbles can 

be compressed and then quickly expand when the pressure shifts. The phenomena of cavitation and 

implosion have both been associated with lung injuries caused by primary blast exposure [13-15]. 

Inertial effects occur at the boundaries between tissues with different densities when blast pressure 

causes these materials to accelerate at varying rates. This differential acceleration creates shearing forces 

that can lead to injury [12]. 

Computer simulations suggest additional potential injury mechanisms, such as high strain in coup 

and contrecoup regions [16], and shear stresses in white matter linked to diffuse axonal injury [17]. A 

thoracic mechanism proposes that primary blast waves indirectly impact the brain by compressing the 

abdomen and chest, which in turn generates harmful pressure waves that reach the brain [17].  

2.2.  Assessment and diagnostic of bTBI 

Research on blast-induced traumatic brain injury (bTBI) focuses on identifying reliable biomarkers that 

can aid in the diagnosis and treatment of injuries. Computed tomography (CT) is the standard imaging 

method for suspected TBI, primarily used to rule out severe injuries. Other imaging techniques such as 

MRI and fMRI are used less often in military settings [2]. Despite efforts to establish definitive 

biomarkers, challenges remain due to the heterogeneous nature of bTBI, the complexity of blast 

scenarios, and the lack of quality longitudinal data. Ongoing research is needed to develop reliable 

biomarkers that can provide critical insights into bTBI [3].  

In the past 10 years, there have been notable advancements in the diagnostic and assessment 

techniques for bTBI. In 2018, the U.S. The Food and Drug Administration approved the first blood test 

for assessing mild traumatic brain injury (mTBI) [18]. In addition, research has referenced the use of 

positron emission tomography (PET) and diffusion tensor imaging (DTI) [19]. Functional imaging 

techniques like PET are used to assess traumatic brain injury (TBI), but they are not standard during the 

evaluation of mild TBI in clinical or military settings. PET is thought to be more effective in detecting 

mild trauma compared to standard imaging methods like CT or MRI, as it can reveal abnormalities in 

mild TBI that are associated with prognosis and neuropsychological decitis, even when traditional 

structural imaging appears normal [20-22]. DTI is a technique that measures the integrity of white matter 

fibres using metrics like fractional anisotropy and mean diffusivity. DTI is sensitive to subtle damage 

and diffuse axonal injury, making it a valuable tool for assessing blast-related mild TBI [23].  
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3.  Current fMRI Techniques for Investigating bTBI 

Clinical evaluations using standard CT and MRI often show limited results for mild traumatic brain 

injury (mTBI). Advanced neuroimaging methods, like fMRI, can effectively monitor the functional state 

of grey matter during tasks or at rest, correlating with outcomes such as post-concussive syndrome (PCS), 

PTSD, and depression [24]. A review by Mu et al. summarises the results of 9 fMRI studies, involving 

242 veterans suffering from mild traumatic brain injury (mTBI) caused by blast exposure. Six of these 

studies employed task-based fMRI, with two focusing on emotional processing and four on executive 

functions, while three utilised resting-state fMRI [24]. Results from task-based studies showed notable 

brain activation in areas linked to emotional processing and executive function, particularly among 

mTBI patients with conditions like PTSD and major depressive disorder (MDD). Additionally, military 

mTBI patients exhibited greater activation in certain brain regions compared to their civilian 

counterparts [24]. These findings are consistent with established theories regarding dysfunction in mTBI. 

However, the variability in study designs and analytical methods complicates the ability to synthesise 

the results effectively [24]. In the case of bTBI, resting-state fMRI is more likely to be used as it can be 

done to patients who are unable to follow task instructions [25]. Overall, more evidence is needed to 

better understand whether fMRI can be used for mTBI.  

4.  Limitations of using fMRI for diagnosis of bTBI 

There are several limitations of fMRI. Firstly, the temporal resolution is affected by the delay in the 

hemodynamic response, which hampers the assessment of rapid neural events. Additionally, the 

complexity of the data necessitates sophisticated analysis and preprocessing, given the large datasets 

involved. The BOLD signal is also sensitive to vascular conditions, which can influence its changes and 

impact the accuracy of results. Finally, interpreting resting-state fMRI data is complex and demands 

knowledge of both anatomy and neuroscience in order to draw meaningful conclusions [25].  

5.  Conclusion 

This review has highlighted the progress in utilising functional magnetic resonance imaging (fMRI) for 

the diagnosis of blast-related traumatic brain injury (bTBI). Key points include in-depth understanding 

of bTBI mechanisms, reliable diagnostic techniques, and the effectiveness of fMRI in examining 

disrupted mental processes, like working memory and emotional processing. fMRI is regarded as a 

useful tool for investigating the neurophysiological mechanisms and functional deficits associated with 

bTBI, offering insights that traditional imaging methods may miss, particularly in cases of mild injury. 

Continued research is crucial to enhance our understanding of bTBI and to refine diagnostic approaches 

further. As the field evolves, it is essential to address the existing limitations of fMRI, such as temporal 

resolution and data complexity, to optimise its application in clinical settings. Ongoing advancements 

in neuroimaging techniques will pave the way for improved diagnostics and interventions for individuals 

affected by bTBI.  
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