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Abstract—Mindfulness and meditation practices are 

increasingly recognized for their measurable impacts on 

neural architecture and function. This review synthesizes 

findings from neuroimaging and intracranial EEG 

(iEEG) studies to highlight how these contemplative 

practices influence cortical (particularly prefrontal and 

default mode networks) and hippocampal function. The 

review discusses oscillatory dynamics (alpha, theta, 

gamma), structural plasticity, and functional 

connectivity, linking them to clinical implications for 

neurological and psychiatric disorders. Special emphasis 

is placed on real-world, naturalistic applications using 

wearable neurotechnology. Findings suggest that 

mindfulness-based practices hold significant promise for 

translational interventions in cognitive and emotional 

regulation. 
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I.INTRODUCTION 

Mindfulness is defined as the non-judgmental 

awareness of present-moment experience . Meditation 

encompasses various practices aimed at cultivating 

mindfulness, compassion, or transcendental states 

(West, 1979; Craven, 1989; Manocha, 2000). Meta-

analyses (Sedlmeier et al., 2012; Keng et al., 2011) 

have consistently shown psychological benefits, 

which are now increasingly linked to identifiable 

neural changes. Mindfulness and meditation have long 

been recognized for promoting mental health and 

emotional stability (West, 1979; Craven, 1989). 

Psychological research (Sedlmeier et al., 2012; 

Shapiro et al., 2016) has demonstrated that these 

practices foster significant cognitive and emotional 

benefits.  

With the advent of advanced neuroimaging 

techniques, there is now growing evidence that 

mindfulness and meditation can lead to measurable 

changes in brain structures critical to learning, 

memory, and emotional regulation. Mindfulness and 

meditation practices have garnered increasing 

scientific attention for their profound effects on brain 

structure and function. Evidence suggests that 

mindfulness and meditation can enhance cortical 

thickness, functional connectivity, and hippocampal 

volume, thereby supporting improved emotional 

regulation, memory, stress resilience, and overall 

psychological well-being. Despite the methodological 

variability among studies, the convergent findings 

highlight the transformative neural potential of 

mindfulness practices in daily life. 

 Mindfulness and meditation have transitioned from 

spiritual traditions to empirically validated practices in 

cognitive neuroscience and mental health. A growing 

body of research demonstrates that these practices 

induce significant changes in brain structure and 

function, especially within regions linked to attention 

regulation, emotional balance, and memory. 

Functional and structural neuroimaging techniques, 

including fMRI, EEG, and iEEG, have revealed 

alterations in cortical thickness, neural oscillations, 

and connectivity networks. This review integrates 

current neuroimaging evidence to elucidate how 

mindfulness influences the prefrontal cortex, default 

mode network (DMN), and hippocampus, and 

discusses emerging applications in naturalistic 

settings. 
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Neuroimaging  

Neuroimaging has become an indispensable tool in 

modern neuroscience and clinical neurology, offering 

insights into brain structure, function, and pathology. 

This article provides a comprehensive overview of key 

neuroimaging modalities—including CT, MRI, PET, 

SPECT, fMRI, EEG, and MEG—highlighting their 

mechanisms, diagnostic utility, and contributions to 

understanding brain function and dysfunction. Clinical 

applications span traumatic brain injury, functional 

movement disorders, chronic pain, decision-making 

processes, brain development, and neurological 

diseases. Recent advances in contemplative 

neuroscience reveal that mindfulness and meditation 

practices can modulate activity and connectivity in 

critical neural circuits, particularly in the prefrontal 

cortex and hippocampus. These findings enhance our 

understanding of emotion regulation, cognitive 

control, and resilience.  

Neuroimaging techniques have revolutionized the 

field of neuroscience, enabling visualization and 

quantification of both the structural and functional 

aspects of the human brain. These tools have not only 

enhanced our understanding of neural processes but 

also provided critical support for diagnosing and 

monitoring a wide array of neurological and 

psychiatric conditions. 

Computed Tomography (CT) 

CT scanning employs X-ray beams to generate cross-

sectional images of the brain, offering rapid 

assessment of acute structural abnormalities such as 

skull fractures, hemorrhages, and infarcts. It is often 

the first-line imaging modality in emergency settings 

due to its speed and accessibility. 

Magnetic Resonance Imaging (MRI) 

MRI utilizes strong magnetic fields and 

radiofrequency pulses to produce high-resolution 

images of soft tissues, making it particularly effective 

in detecting subtle abnormalities in the brain and 

spinal cord. Variants such as T1-weighted, T2-

weighted, and diffusion-weighted imaging (DWI) 

enhance diagnostic precision. 

Positron Emission Tomography (PET) and Single-

Photon Emission Computed Tomography (SPECT) 

Both PET and SPECT involve the use of radiolabeled 

tracers to evaluate cerebral blood flow and metabolic 

activity. These modalities are instrumental in 

identifying functional disturbances, particularly in 

neurodegenerative diseases, epilepsy, and certain 

psychiatric disorders. 

Functional MRI (fMRI) 

fMRI measures brain activity by detecting 

hemodynamic responses related to neuronal 

activation, allowing for real-time mapping of brain 

regions involved in cognitive, sensory, and emotional 

processes. It is widely used in research and 

increasingly applied in pre-surgical planning. 

Electroencephalography (EEG) and 

Magnetoencephalography (MEG) 

EEG records electrical activity via scalp electrodes, 

offering excellent temporal resolution for studying 

brain dynamics. MEG, on the other hand, measures the 

magnetic fields generated by neuronal activity, 

providing a complementary modality with improved 

spatial accuracy for certain applications. 

Clinical and Research Applications  

Traumatic Brain Injury (TBI), CT scans are typically 

used acutely to detect bleeding or fractures. MRI, 

particularly DTI, is invaluable for assessing white 

matter integrity and diffuse axonal injury that may not 

be evident on CT. 

Neuroimaging contributes to the differentiation of 

functional movement disorders from organic causes 

by identifying subtle structural or connectivity 

abnormalities, thereby challenging outdated 

assumptions of purely psychological etiology. 

Neuroimaging has revealed the involvement of 

cortical and subcortical networks in chronic pain 
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syndromes. Functional and metabolic imaging 

techniques help elucidate pain processing pathways 

and inform personalized therapeutic strategies. 

Research utilizing fMRI and PET has shed light on the 

neural substrates of decision-making, including the 

roles of the prefrontal cortex, amygdala, and anterior 

cingulate cortex in processing risk, reward, and social 

factors. 

Longitudinal neuroimaging studies in children and 

adolescents have provided critical insights brain 

development and into the trajectory of brain 

maturation, neuroplasticity, and the emergence of 

cognitive and emotional regulation capacities. 

Neuroimaging plays a central role in Neurological 

Diseases, diagnosing and monitoring disorders such as 

stroke, Alzheimer’s disease, Parkinson’s disease, and 

multiple sclerosis. Techniques like volumetric MRI 

and PET biomarkers support early detection and track 

disease progression. 

Numerous research have demonstrated that regular 

meditation practice results in neuroplasticity 

phenomena, such as improved cognitive abilities 

(Chiesa et.al.,2011) and a decrease in age-related brain 

degeneration (Luders,2014. Khalsa,2015). More 

precisely, meditation has been linked to enhancements 

in long term memory (Newberg,2014.) working 

memory (Jha et.al., 2010), attention (Lutz et.al.,2008), 

and spatial skills (Geng et.al.,2014) 

 

II.METHODOLOGY. 

A systematic literature review was conducted 

following PRISMA guidelines. Databases searched 

included PubMed, Web of Science, Cochrane Library, 

and Embase, using the terms: mindfulness, meditation, 

neuroimaging, intracranial EEG, hippocampus and 

cortical function." No date restrictions were applied. 

Titles and abstracts (n = 503) were screened after 

removing duplicates. Full-text analysis of 183 articles 

was conducted, resulting in 41 studies for qualitative 

synthesis and quantitative meta-analysis. 

Study Design 

This study employed a systematic literature review 

methodology, guided by the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses 

(PRISMA) 2020 statement. Both qualitative synthesis 

and quantitative meta-analyses were integrated to 

evaluate the neural impacts of mindfulness and 

meditation with a specific focus on cortical and 

hippocampal dynamics. 

Databases Searched 

Four major scientific databases were systematically 

searched: PubMed, Web of Science, Cochrane Library 

These databases were selected for their comprehensive 

coverage of biomedical, psychological, and 

neuroscientific literature. 

Search Strategy 

The following keywords and Boolean combinations 

were used: 

("mindfulness" OR "meditation") AND 

("neuroimaging" OR "fMRI" OR "EEG" OR "MEG" 

OR "intracranial EEG") AND ("hippocampus" OR 

"cortical function" OR "default mode network" OR 

"PFC" OR "gamma oscillations" OR "theta rhythms") 

Searches included peer-reviewed articles, preprints, 

and grey literature published up to June 2023, with no 

date restrictions. Only studies in English were 

included. 

 Inclusion Criteria 

Studies were included if they: 

Investigated mindfulness-based interventions (MBIs), 

breath-based meditation, or long-term contemplative 

practices. 

Used neuroimaging techniques, including fMRI, PET, 

MEG, EEG, or intracranial EEG. 

Focused on cortical, hippocampal, or network-level 

brain changes. 

Reported quantitative or qualitative 

neurophysiological outcomes. 

Included either healthy individuals or clinical 

populations with clearly reported effects. 

Exclusion Criteria 
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Theoretical or review articles without original data. 

Studies using only behavioral measures without 

neuroimaging. 

Studies focusing solely on movement-based 

meditation (e.g., Tai Chi, Yoga) not mindfulness-

specific analysis. 

Articles not available in full-text or non-English 

language. 

Screening and Selection Process 

Initial search results (n = 503) were imported into 

Mendeley. for duplicate removal. 

After duplicates (n = 183) were removed, 320 ,  articles 

were screened based on title and abstract. 

Full-text review was conducted for 100 studies. 

 41 studies met the criteria for qualitative synthesis and 

quantitative meta-analysis. 

Data Extraction 

Data were extracted using a structured coding 

template, which captured the following: 

Study authors, year, and country 

Type of meditation/mindfulness practice 

Sample characteristics (age, health status, meditation 

experience) 

Imaging modality used (e.g., fMRI, EEG) 

Brain regions investigated (e.g., PFC, DMN, 

hippocampus) 

Type of neural change observed (structural, 

functional, oscillatory) 

Reported clinical or cognitive outcomes.. 

III. RESULTS 

Neuroplastic Effects of Mindfulness and Meditation 

Cortical Effects Mindfulness enhances activity in 

cortical regions such as the dorsolateral prefrontal 

cortex (dlPFC) and anterior cingulate cortex (ACC). 

Tang et al. (2007) found increased ACC activation and 

dlPFC connectivity after short-term training. Zeidan et 

al. (2011) reported increased cortical thickness in the 

PFC and improved attention following brief 

mindfulness interventions. Hasenkamp et al. (2012) 

identified elevated alpha and beta synchronization in 

the PFC during focused attention meditation. 

Meditation also downregulates the DMN. Brewer et al. 

(2011) observed reduced mPFC and PCC activity 

among long-term meditators. Garrison et al. (2015) 

confirmed that experienced meditators could 

volitionally suppress DMN activity via real-time fMRI 

and iEEG. 

Hippocampal Effects The hippocampus, vital for 

memory and emotional regulation, shows increased 

gray matter following regular meditation (Luders et 

al., 2009; Hölzel et al., 2011). Theta-band oscillations 

during meditation, as demonstrated by Papasimakis et 

al. (2020), suggest improved memory encoding. A  

study found loving-kindness meditation increased 

gamma-band activity in the hippocampus and 

amygdala, while another study reported reduced 

gamma activity in the mesial temporal lobe during 

mindfulness practice. 

 Naturalistic Contexts Lutz et al. (2015) documented 

increased frontal midline theta activity during 

informal mindfulness. Nakatani et al. (2020) used 

wearable EEGs and observed elevated alpha and 

gamma rhythms during everyday tasks. Farb et al. 

(2007) showed that mindfulness promotes prefrontal-

limbic reorganization, enhancing emotional 

adaptability. 

Mechanisms and Neural Signatures 

Neural 

Feature 
Effect of Meditation Associated Function 

Alpha 

Oscilla

tions 
↑ in parietal cortex 

Relaxation, sensory 

suppression 

Theta 

Oscilla

tions 

↑ in hippocampus, 

mPFC 

Memory encoding, 

attentional 

engagement 

Gamm

a 

Oscilla

tions 

↑ in temporal/parietal 

areas 

Conscious 

awareness, 

integrative 

processing 

Structu

ral 

Growth 

↑ gray matter in 

hippocampus, ACC 

Emotional resilience, 

memory 

consolidation 

Functio

nal 

Connec

tivity 

Enhanced PFC–

hippocampus coupling 
Stress regulation, 

cognitive flexibility 

 

Clinical and Translational Implications 
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Epilepsy: Meditation during iEEG monitoring was 

linked to fewer stress-induced seizures. 

Depression/PTSD: MBSR and MBCT normalize 

DMN activity and restore hippocampal function. 

Alzheimer’s Disease: Focused meditation delays 

hippocampal atrophy. 

Digital Therapeutics: Mobile EEGs integrated with 

MBSR enable scalable neurotherapy. 

V LIMITATIONS  

Limitations include variability in intervention types, 

short study durations, and small samples. iEEG 

findings often come from clinical cohorts, limiting 

generalizability. Further multimodal and longitudinal 

research is needed. 

VI FUTURE RESEARCH 

Future research should prioritize longitudinal studies 

that evaluate the sustained effects of mindfulness and 

meditation on neuroplasticity over time. Comparative 

trials exploring different types of meditation (e.g., 

focused attention, open monitoring, loving-kindness) 

are also needed to delineate their unique neural 

signatures. Additionally, the integration of wearable 

EEG devices with AI-driven feedback systems holds 

promise for enhancing personalized mindfulness 

training in real-world settings. Finally, there is a 

pressing need for cross-cultural studies and research 

involving diverse cohorts to ensure the 

generalizability and inclusivity of findings across 

populations. 

VII CONCLUSION 

Mindfulness and meditation drive neuroplastic 

changes across cortical and subcortical domains, 

enhancing cognitive control, emotional resilience, and 

memory. The integration of neuroimaging and 

naturalistic tools strengthens their translational 

potential. Standardized methodologies and long-term 

studies are crucial for advancing contemplative 

neuroscience. 
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