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Introduction

Post-Traumatic Stress Disorder (PTSD) is a debilitating
mental health condition that can develop in individuals who
have experienced or witnessed a traumatic event. While the
symptoms of PTSD vary widely, they often include intrusive
memories, flashbacks, avoidance of trauma-related stimuli,
negative alterations in mood and cognition, and heightened
arousal and reactivity. Over the years, research into PTSD has
increasingly turned to neuroimaging techniques, particularly
structural Magnetic Resonance Imaging (MRI), to understand
the underlying brain changes associated with this disorder.
This article delves into the use of structural MRI in mapping
brain changes in PTSD and its implications for diagnosis,
treatment, and understanding the disorder's neurobiology
[1,2].

Structural MRI provides detailed images of the brain's
anatomy, allowing researchers to investigate differences in
brain structure between individuals with PTSD and healthy
controls. By comparing brain volumes, cortical thickness,
and white matter integrity, structural MRI studies have
provided valuable insights into the neurobiological alterations
associated with PTSD. One of the most consistently reported
findings in structural MRI studies of PTSD is a reduction in
hippocampal volume [3].

The hippocampus plays a crucial role in memory formation
and emotion regulation, and alterations in its structure
have been linked to the intrusive memories and flashbacks
characteristic of PTSD. Multiple studies have demonstrated
smaller hippocampal volumes in individuals with PTSD
compared to trauma-exposed controls, suggesting a possible
role for hippocampal atrophy in the pathophysiology of the
disorder [4].

Structural MRI studies have also implicated alterations in the
prefrontal cortex (PFC), a brain region involved in executive
function, emotion regulation, and fear extinction, in the
pathogenesis of PTSD. Reduced gray matter volume and
cortical thickness in the PFC have been observed in individuals
with PTSD, particularly in regions such as the dorsolateral
prefrontal cortex (DLPFC) and the ventromedial prefrontal
cortex (vimPFC). These structural changes may contribute
to deficits in cognitive control, emotional regulation, and
extinction learning observed in PTSD [5].

The amygdala, a key brain region involved in the processing
of fear and emotional memories, has been a focus of structural
MRI studies in PTSD. While findings regarding amygdala
volume in PTSD have been mixed, functional abnormalities,
including hyperactivity and altered connectivity, have been
consistently reported. Structural alterations in the amygdala
may reflect dysregulation of the fear response and heightened
emotional reactivity observed in individuals with PTSD [6].

White matter, composed of myelinated axons that facilitate
communication between brain regions, is another target
of investigation in structural MRI studies of PTSD.
Diffusion tensor imaging (DTI), a technique sensitive to the
microstructural integrity of white matter tracts, has revealed
alterations in white matter integrity in PTSD, particularly in
regions involved in emotion processing, threat detection, and
cognitive control. Disruptions in white matter connectivity
may underlie symptoms of hyperarousal, hypervigilance, and
impaired attention observed in PTSD [7].

The identification of structural brain alterations in PTSD has
important implications for diagnosis, prognosis, and treatment.
Structural MRI biomarkers may aid in the early detection of
PTSD and help differentiate it from other psychiatric conditions
with similar symptomatology. Moreover, understanding the
neurobiological basis of PTSD can inform the development
of targeted interventions aimed at restoring normal brain
structure and function. For example, interventions targeting
hippocampal neurogenesis, such as cognitive-behavioral
therapy (CBT) and pharmacological treatments, may promote
recovery from PTSD by reversing hippocampal atrophy [8,9].

While structural MRI has provided valuable insights into
the neurobiology of PTSD, several challenges remain.
Heterogeneity in study populations, differences in trauma
exposure and comorbidities, and methodological variability
across studies can complicate interpretation of findings.
Moreover, the dynamic nature of PTSD, characterized by
symptom fluctuation and variability in treatment response,
underscores the need for longitudinal studies to track changes
in brain structure over time [10].

Conclusion

Structural MRI has emerged as a powerful tool for
mapping brain changes in PTSD, offering insights into the
neurobiological alterations underlying the disorder. By
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identifying structural abnormalities in key brain regions
implicated in memory, emotion regulation, and fear processing,
structural MRI studies contribute to our understanding of the
pathophysiology of PTSD and may guide the development of
more effective diagnostic and therapeutic interventions.
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