ORIGINAL ARTICLE

Role of Microstructural White Matter Changes of
Somatosensory Cortex in Stress Among Non-Clinical
Population: A Diffusion Tensor Imaging Study

Abd Razak WAN®, Perisamy RS®, Zulkifli NSA®, Abdul Basit KS°, Mustapha M®, Zolkefley MKI®

?Occupational Safety and Health Program, Faculty of Industrial Sciences and Technology, Universiti Malaysia Pahang AkSultan Abdullah, Lebuh Persiaran

Tun Khalil Yaakob, Kuantan Pahang, Malaysia

bDepartment of Radiology, Sultan Ahmad Shah Medical Centre @IIUM, Jalan Sultan Ahmad Shah, Bandar Indera Mahkota, Kuantan, Pakang Malaysia
Faculty of Computing, Universiti Malaysia Pahang AFSultan Abdullah, Pekan, Pahang Malaysia

dUniversity Health Center, Universiti Malaysia Pahang AkSultan Abdullah, Lebuhraya Persiaran Tun Khalil Yaakob, Kuantan Pahang Malaysia
“Department of Neurosciences, School of Medical Sciences, Universiti Sains Malaysia, Kubang Kerian Kota Bharu, Kelantan Malaysa

Keywords
Stress, DTI, Somatosensory, White Matter

Corresponding Author

Dr. Mohd Khairul Izamil Zolkefley
Occupational Safety and Health Program,
Faculty of Industrial Sciences

and Technology,

Lebuh Persiaran Tun Khalil Yaakob,
26300 Kuantan, Pahang, Malaysia

Email: khairulizamil@umpsa.edu.my

Received: 2314 April 2024; Accepted: 220d
June 2024

Doi: https://doi.org/10.31436/imjm.v23i04

INTRODUCTION

ABSTRACT

INTRODUCTION: Stress is a common response by people to stressors or potential
threats, resulting in physical, affective, and cognitive changes. Emotions are associated
with interpretations of physiological changes, and the processing of emotions is
largely dependent on the somatosensory cortex which includes the postcentral
gyrus. The objective of this study was to examine the correlation between stress
and alterations in the microstructure of white matter in the somatosensory cortex
among healthy non-clincal population. MATERIALS AND METHODS: A total of
30 participants were recruited. The participants were administered the Depression,
Anxiety, and Stress Scale 21 (DASS-21) questionnaire. All subjects underwent
Magnetic Resonance Imaging (MRI) brain scanning, with diffusion tensor imaging
(DTI) used to assess white matter integrity. The association between stress scores
in DASS-21 and DTI parameters was analyzed. RESULTS: A significant negative
relationship was observed between stress scores and fractional anisotropy (FA)
values in the left postcentral gyrus (r=-0.393, p=0.032), suggesting that stress has
an eatly detrimental effect in this region, while no significant correlation was found in
the right postcentral gyrus (r=-0.300, p=0.107). CONCLUSION: The findings of our
study indicate that stress may lead to early impairments in the microstructural
somatosensory cortex, particularly in the left postcentral gyrus. These alterations
were observed using DTT technique. Hence, the alterations in the microstructure
of white matter in the brain prior to the onset of the disorder may play a vital role
and could serve as a new and promising biomarker for the eatly identification

and treatment of the disease in the non-clinical population.

Stress is a negative psychological condition triggered by
stressors or potential dangers in humans. It is a common
response that involves changes to one's physical,
emotional, and mental functions.! Stress is typically
accompanied with physical symptoms. Indeed, neatly
every people may encounter episodes of stress at some
stage in their lives, and it has been indicated that sub-
threshold stress and anxiety symptoms are commonly
observed in the general population? Prior research has
predominantly examined the cognitive, emotional, and

neurological dimensions of individuals experiencing
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anxiety and stress, neglecting the influence of their somatic
brain networks.> It was suggested that emotional
processing plays a crucial role in regulating behaviour,
particularly decision-making.# All emotions are based on
the body's homeostatic interpretations of changes in its
condition.> It has been suggested that interoceptive
memories and visceral emotional experiences serve as
substrates for decision-making. The postcentral gyrus,
which is part of the somatosensory cortex, plays a vital
role in emotional processing and is often activated by

physical sensations.¢



The heightened neuronal activity in the postcentral gyrus
is mostly associated with the impacts of social stress.”
It has been demonstrated that the postcentral gyrus can be
used to predict treatment responses during the analysis
of pleasant facial expressions.® An enhanced connection
between the postcentral gyrus and the amygdala indicates
a heightened capacity to control emotions, while the
association between the postcentral gyrus and the anterior
cingulate cortex during rest is linked to negative emotional
consequences.” Research indicates that the prefrontal
cortex and limbic system have significant roles in chronic
stress. However, it is suggested that more emphasis
should be given to the participation of somatosensory
brain regions, specifically the postcentral gyrus.!0
Therefore, it is crucial to determine how stress conditions

undetlie the post-central gyrus's effects.

Magnetic Resonance Imaging (MRI)- based diffusion
tensor imaging (DTI) capability to assess the Fractional
Anisotropy (FA) values of white matter tracts offers
a promising avenue to explore how stress affects the
brain’s networks. FA wvalues, indicative of the directional
coherence of water diffusion in tissue, serve as a
marker for white matter integrity. Reductions in FA
are often interpreted as a sign of decreased white matter
organization, potentially reflecting damage or alterations
in neural pathways critical for emotional processing and
cognitive function.!L1213 Increased activity was observed

in the brain regions of the thalamus, para-hippocampal

gyrus, middle frontal gyrus, and inferior temporal
gyrus in the group with the mental disorder.!! It
was demonstrated notable alterations in the

microstructure of cerebral cortical regions linked to
mood disorders.!? The rapid growth and subsequent

reduction of dendrites and synaptic structures in certain

groups of cortical neurons during specific sensory
learning experiences may be responsible for the
underlying microstructural alterations.!? Despite the

extensive  research on the changes in brain function
and structure associated with stress and stress-related
disorders, there have been few studies that specifically
focus on a healthy or non-clinical population. This group
refers to individuals who do not have any known
mental health conditions or diseases and are not currently

seeking or receiving medical treatment. We hypothesized
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that the changes in brain function and structural integrity
of the brain's white matter that precede the onset of a
disorder may be crucial for the eatly identification and
management of the illness in individuals who are not yet
clinically diagnosed. The aim of this study was to
investigate the relationship between early mental
psychopathology and changes in the structural integrity
of white matter in the brains of healthy non-clinical
persons. Based on the functions of the postcentral
gyrus and the somatic marker hypothesis, we hypothesised
that changes in the microstructure of the white matter
in the somatosensory cortex, notably the postcentral

gyrus, would be linked to the level of stress.

MATERIALS AND METHODS
Participants

Thirty non-clinical healthy subjects were enlisted in total,
consisting of 21 males and 9 females with a mean age
of 40.83 years (range: 27-57 years). Participants were
assessed for handedness, resulting in 25 right-handed and
5 left-handed individuals. Two qualified psychiatrists
distributed the Depression, Anxiety, and Stress Scale 21
(DASS-21) questionnaire to the subjects. The methods
were performed in compliance with approved protocols.
Individuals who exhibited any movement during the scan,
had neurological problems, severe psychiatric conditions,
head injuries, or were pregnant or lactating were excluded
from the study. Prior to the study, all participants provided
written informed consent, which was approved by the
Research Ethics Committee (ID -2022-047).

Instruments

The DASS-21 is a self-administered instrument designed
primarily to evaluate the existence of negative emotional
states, such as depression, anxiety, and stress. The
tool consists of 21 items that measure levels of depression,
anxiety, and stress using a Likert scale that ranges from 0
to 3. A score of 0 signifies that the state did not affect
the individual in any way. A score of 1 suggests that it
had some influence or occurred occasionally. A score of
2 indicates a significant impact or frequent occurrence.
A score of 3 signifies a strong influence or a near constant
presence. The DASS-21 is a simplified version of the
DASS-42. The DASS-21 demonstrates high internal
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reliability, as seen by Cronbach's alpha coefficients of 0.88
for the Depression scale, 0.82 for the Anxiety scale, 0.90
for the Stress scale, and 0.93 for the overall scale.!# The
stress level of the participants in this study was assessed by
utilizing the 7 stress sub-items out of the total 21 sub-
items in the DASS-21 questionnaire. The scores were
calculated by summing the scores for each sub-item and
then multiplying by two to ensure that they may be
interpreted consistently with the lengthier form of the 42

items.

Data Acquisition
The 3-Tesla

conducting MRI scans. Subjects were given instructions

Siemens MR scanner was utilised for
to maintain full motionless while inside the scanner. In
otder to reduce head movement, foam pads were placed
on either side of the head, while earplugs were used to
decrease the noise produced by the scanner. The diffusion
tensor imaging (DTI) parameter sequence were set as
follows: The repetition time: 7649 milliseconds, the echo
duration: 72 milliseconds, the flip angle: 90 degrees,
the field of view: 240 millimetres, the matrix size: 96 x 96,
the section thickness: 2.5 millimetres, there is no section
1.0, with the

acquisition time is 4 minutes and 28 seconds. The

gap and the number of excitations:

electrostatic repulsion model was used to apply diffusion-
weighting gradients along 32 noncollinear directions.
The imaging consisted of 2 images with b0=0 and 32
images with b1=1000 s/mm. In addition to the DTI scan,
high-resolution anatomical T1, T2, and FLAIR weighted

images were also obtained for each patient.

Image Processing

The diffusion imaging data was reconstructed using the
DTI technique, in combination with the MRI Converter
version 2.1.0 and DSI Studio software (http://dsi-
studio.labsolver.org/). Initially, the DICOM data for each
participant was imported using MRI Converter in order
to convert the file format from DICOM (.dem) to NIfTI
(.nii). Subsequently, the converted files were opened in
DSI Studio to generate the ".stc” file. The ".stc" file was
subsequently reconstructed, yielding "fib" data, which
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was then used to obtain the FA value. The DSI Studio
fibre tracking algorithm is a modified version of the
deterministic tracking algorithm that utilises quantitative
anisotropy as the termination criteria.!> The deterministic
technique was employed as the principal orientation of
the tensor, aligning with the primary direction of the
fibres and adhering to the most suitable pathway. The
information provided reflects the predominant alignment
of fibres inside each voxel. This approach seeks to
illustrate the optimal balance between valid and incorrect

connections.16

Region of Interest (ROI)s Localization

An expert radiologist assessed the postcentral gyrus on
both the left and right sides of the brain, and manually
designated a region of interest (ROI) on each side.
Subsequently, using the program's auto-detection tool,
the postcentral gyrus is automatically discovered on both
sides of the brain (Figure 1) with the same ROIs. Minor
adjustments were made to the automated selection of
the ROIs for each unique case, taking into account the
size and form of the postcentral gyrus. The FA values

were obtained and analyzed after localising the ROlIs.

Statistical Analysis

Data were analyzed using Statistical Package for the Social
Sciences (SPSS) software. Quantitative data were described
by calculating the means and standard deviations with
p-values <0.05 considered as statistically significant. The
Pearson correlation test was used to assess the relationship
between the FA-value of post-central gyrus and stress
score in DASS-21 sub-items.
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Figure 1. White matter tracts from the different cut sections; A) coronal view, B)
sagittal view, C) axial view. FA values are extracted from the ROIs and analyzed in
this work.



RESULTS
Clinical Variables

A total of 30 participants was enrolled in the study (21
males and 9 females; mean age=40.83, range=27-57
years). The results of the study showed that the average
score * standard deviation of the stress score of DASS-21
was 15.13 £ 7.34 (Figure 2).

Stress Score (DASS-21)

102 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22

Participants

Figure 2. The distribution of the Stress Score in the healthy non-clinical
patticipants.

Correlations Between FA-value of Postcentral Gyrus
and Stress Scores

Our study has found that the MR-DTI FA value of the
left post-central gyrus was negatively correlated with
stress score (r=-0.393, p=0.032) (Figure 3), while no
significant correlation was found between the MR-DTI
FA value of the right postcentral gyrus and the stress
score (r=-0.300, p=0.107) (Figure 4).

Table I: Brain regions with correlations between MR-DTI FA-value and
Stress score

Brain Region N Mean FA value  r-value  p-value
Left post-central gyrus 30 0.208 + 0.021 -.393 0.032*
Right post-central gyrus 30 0.179 = 0.021 -.300 0.107

*Correlation is significant at the 0.05 level (2-tailed).

MR-DTIFA Value (Left Post-Central Gyrus)

Stress Score (DASS-21)

Figure 3. Correlation between MR-DTT FA value of left postcentral gyrus
and stress score (r = -0.393, p = 0.032)
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MR-DTIFA Value (Right Post-Central Gyrus)

Stress Score (DASS-21)

Figure 4. Correlation between MR-DTT FA value of right postcentral gyrus
and stress score (r = -0.300, p = 0.107)

DISCUSSION

The aim of this study was to emphasize the significant
involvement of the somatosensory cortex (specifically
the postcentral gyrus) in response to stress among the
groups of individuals who do not have any known
mental health conditions or diseases and are not currently
seeking or receiving medical treatment. This was achieved
by examining the relationship between the structural
alterations in the white matter of the postcentral gyrus and

stress levels.

Consistent with our hypothesis, this study found that
the somatosensory cortex, specifically the postcentral
gyrus, which is part of the body-loop circuit, has a critical
function in stress. Additionally, there is a notable
inverse relationship between stress and the FA value of
the left postcentral gyrus. Stress-related physical sensations
linked gyrus

somatosensory processing during stress exercises. This

can be to the postcentral in the
region is responsible for perceiving and analyzing the
physiological alterations that are often induced in the

body by stress.

Research has shown that the left somatosensory cortex
has a greater influence on sensorimotor integration than
the

handedness on brain structure and function has been well-

right somatosensory cortex.'” The influence of

documented with handedness can affect the lateralization
of brain functions, including those related to sensory
processing and stress responses. 7 In our study, the
majority of participants were right-handed, which may

have contributed to the observed lateralization effects.

IMJM Volume 23 No.4, October 2024



Right-handed individuals often show stronger left-
hemispheric dominance for motor and sensory functions,
which could explain the significant association found

between stress scores and the left postcentral gyrus.

Individuals expetiencing high levels of stress tend to
exhibit heightened sensitivity towards daily occurrences
and stimuli, resulting in a state of perpetual vigilance and
exaggerated reactions to stimuli. A plausible explanation
for the association between the postcentral gyrus and
stress is that individuals experiencing stress need to engage
in increased brain activity in order to effectively manage
stress and avoid developing pathological anxiety.!8 It
was demonstrated that emotion perception is one of the
functions of the somatosensory regions.!” The postcentral
gyrus, which forms connections with the frontal and
parietal lobes, has been physically associated with cognitive
functions such as control, memory, and attention.20 The
postcentral gyrus is a crucial component of the brain
responsible for the recognition of basic emotions.2! It is
involved in the processing of somatosensory information,
voluntary movement, and the regulation of emotions.?2
It was also explored that applying transcranial magnetic
stimulation to the somatosensory cortex can influence the
way people perceive emotions when performing social face
recognition tasks.22 Another study that looked at teens
under emotional stress found that there was an alteration

in the gray matter volume of the postcentral gyrus.2+

The heightened neural activity observed in the postcentral
gyrus during periods of stress, which has been associated
with structural injury, could potentially indicate a
rearrangement of its functional capabilities. Prior studies
employing functional MRI (fMRI) in both people2>26 and
animals?’ have explored the functional reorganization of
the central nervous system. According to these studies,
the normal cortex undergoes substantial reconfiguration
to compensate for the limitations of the affected area,
resulting in behavioural adaptations. The greater extent
of cortical activation, as indicated by the stronger fMRI
response of the brain cortex, can be attributed to a bigger
number of neurons and synapses involved in carrying
out neurological function. These findings indicate that
the extent of functional reconfiguration following stress,

namely in the post-central gyrus region, may be influenced
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by the level of microstructural damage. Our study found
a negative correlation between the FA value of the post-
central gyrus and the subjects' higher stress levels, which
might be explained by the increased neuronal activity to
induce neuroplastic changes in the brain, such as axonal
sprouting, dendritic growth, or synaptic remodeling. These
processes may alter the organization and coherence of

white matter tracts, leading to decreased FA values in DTT.

Clinical studies have found a correlation between a
decrease in the volume of the somatosensory cortex and
the presence of depression and other mental health

disorders.28:29,30

oligodendrocytes, play crucial roles in supporting and

Glial cells, including astrocytes and
maintaining the function of neurons. Preclinical research
indicating significant glial atrophy in mental illnesses
suggests that alterations in glial cell function or structure
may be involved in the pathophysiology of these
Additionally,

have found lower neuronal cell size and glial cell counts

disorders.3! post-mortem  investigations
in individuals with mental disorders, further implicating
cellular changes in the brain's structure.?233 Reduced FA
values are often associated with disruptions in white
matter integrity, which can occur due to various factors,
including changes in axonal structure, myelination, and
fiber organization. The observed decrease in FA value
in the postcentral gyrus (part of the somatosensory cortex)
could be partially explained by reductions in cortical
volume and supporting neuron cells. This implies that
alterations in the microstructure of the somatosensory
cortex, including changes in neuronal and glial cells, may
contribute to disruptions in white matter integrity within

this region, leading to decreased FA values.

Our findings revealed a significant negative correlation
between stress scores and FA values in the left postcentral
gyrus, whereas no significant correlation was observed
in the right postcentral gyrus. This contrasts with previous
studies that identified the right postcentral gyrus as
being associated with stress scores in larger samples. For
example, Li et al. (2019) found that state anxiety was
linked to alterations in the right somatic brain network,
including the postcentral gyrus.3* Similarly, Kropf et al.
(2019) reported that the right somatosensory cortex

plays a crucial role in emotional regulation. 3 These



inconsistencies may be attributed to several factors such as
differences in imaging techniques, data analysis methods,
and the specific measures of stress used. For instance,
our study used DTI to assess white matter integrity,
while other studies might have employed different
neuroimaging modalities or analytical approaches.
Furthermore, lateralization of stress-related changes in
the somatosensory cortex may vary across individuals.
Factors such as genetic predispositions, environmental
influences, and individual differences in stress perception
and processing could lead to wvariability in which
hemisphere shows stronger associations with stress.3
The of the left
predominantly right-handed sample could explain why

dominance hemisphere in our

we observed significant findings in the left postcentral

gyrus.

Our study had certain limitations. The primary constraint
was the limited population size, which impeded the ability
to assess the variable degree of stress among healthy
individuals. The findings from this study serve as
preliminary evidence that can inform and justify the need
for larger-scale studies. By demonstrating significant
associations in a smaller sample, we provide a foundation
for future research to build upon, potentially with larger
and more diverse populations. Besides, this study only
examined the somatosensory cortex. It is crucial to do
additional research to examine other regions that are
indirectly associated with stress. Furthermore, the study
did not impose any age restrictions on the subjects, which
means that the results may have encompassed brain
deterioration associated with aging. In order to obtain
precise prognostic forecasts for various age groups,
it would be essential to have a bigger sample size.
In addition, we did not assess the long-term impact of
stress on the somatosensory cortex. Longitudinal studies
would be necessary to investigate alterations in brain
imaging and the relationship between stress and the
somatosensory cortex. Lastly, the smaller subset of left-
handed participants in our study did not provide sufficient
data to examine potential differences based on handedness
robustly. Future studies should include a more balanced
representation of handedness to explore its impact more

comprehensively.
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CONCLUSION

In conclusion, we found that the stress eventually affected
the integrity of the white matter in the postcentral gyrus.
This may provide some insight into the mechanism of
stress, as abnormal activity in the postcentral gyrus might
affect decision-making and other activities. Individuals
who experience stress exhibit emotional and cognitive
processing biases that increase their susceptibility to
bodily symptoms of stress, as compared to the normal
population. Our research findings indicate that stress may
lead to early damage in the microstructural somatosensory
cortex, particularly in the postcentral gyrus, as observed
using the DTI technique. Hence, the alterations in the
microstructure of the brain's white matter prior to the
onset of the ailment may play a vital role and could
serve as a new and promising biomarker for the early
identification and treatment of the disease in individuals

who are not yet clinically diagnosed.

CONFLICT OF INTEREST

The authors declare that they have no competing interests.

ACKNOWLEDGMENTS

This work was supported by the Internal Universiti
Malaysia Pahang Al-Sultan Abdullah Grant Scheme
[UMP.05/26.10/03/RDU220306]. A special gratitude
goes out to all authors for their expertise and assistance

in completing the project and writing the manuscript.

REFERENCES

1. Degnan KA, Almas AN, Fox NA. Temperament and
the environment in the etiology of childhood anxiety.
J Child Psychol Psychiatry. 2010;51:497-517.

2. Judd LL, Schettler PJ, Akiskal HS. The prevalence,

clinical relevance, and public health significance of

subthreshold depressions. Psychiatr Clin North Am.

2002;25:685-98.

Takagi Y, Sakai Y, Abe Y, et al. A common brain

network among state, trait, and pathological anxiety

from whole-brain functional connectivity.

Neuroimage. 2018;172:506-16.

Damasio AR. The somatic marker hypothesis and the

possible functions of the prefrontal cortex.

IMJM Volume 23 No.4, October 2024



10.

11.

12.

13.

14.

Philosophical transactions of the Royal Society of
London Series B, Biological sciences. 1996;351:1413-
20.

Craig AD. The sentient self. Brain structure &
function. 2010;214:563-77.

Poppa T, Bechara A. The somatic marker hypothesis:
revisiting the role of the ‘body-loop’ in decision-
making. Current Opinion in Behavioral Sciences.
2018;19:61-6.

Yang Z, Xiao S, Su T, et al. A multimodal meta-
analysis of regional functional and structural brain
abnormalities in obsessive-compulsive disorder. Eur
Arch Psychiatry Clin Neurosci. 2023.

Kujawa A, Swain JE, Hanna GL, et al. Prefrontal
Reactivity to Social Signals of Threat as a Predictor of
Treatment Response in Anxious Youth.
Neuropsychopharmacology : official publication of the
American College of Neuropsychopharmacology.
2016;41:1983-90.

Pozzi E, Bousman CA, Simmons ]G, et al. Interaction
between hypothalamic-pituitary-adrenal axis genetic
variation and maternal behavior in the prediction of
amygdala connectivity in children. Neuroimage.
2019;197:493-501.

Paulus MP. The role of neuroimaging for the diagnosis
and treatment of anxiety disorders. Depress Anxiety.
2008;25:348-56.

Geng H, Wang Y, Gu R, et al. Altered brain activation
and connectivity during anticipation of uncertain threat
in trait anxiety. Human brain mapping. 2018;39:3898-
914.

Yu B, Cui S-Y, Zhang X-Q, et al. Different neural
circuitry is involved in physiological and psychological
stress-induced PTSD-like “nightmares” in rats.
Scientific reports. 2015;5:15976.

Firwana YMS, Zolkefley MKI, Mohamed Hatta HZ, et
al. Regional cerebral blood perfusion changes in
chronic stroke survivors as potential brain correlates of
the functional outcome following gamified home-
based rehabilitation (IntelliRehab) - a pilot study. |
NeuroEngineering Rehabil. 2022;19:94.

Henry JD, Crawford JR. The short-form version of the
Depression Anxiety Stress Scales (DASS-21): construct
validity and normative data in a large non-clinical
sample. Br J Clin Psychol. 2005;44:227-39.

IMJM Volume 23 No.4, October 2024

84

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Yeh F-C, Verstynen TD, Wang Y, Fernandez-Miranda
JC, Tseng W-YI. Deterministic Diffusion Fiber
Tracking Improved by Quantitative Anisotropy. PLOS
ONE. 2013;8:80713.

Schilling KG, Gao Y, Li M, et al. Functional
tractography of white matter by high angular
resolution functional-correlation imaging (HARFT).
Magnetic resonance in medicine. 2019;81:2011-24.
Okuda B, Tanaka H, Tomino Y, et al. The role of the
left somatosensory cortex in human hand movement.
Experimental brain research. 1995;106:493-8.

Tian X, Wei D, Du X et al. Assessment of trait
anxiety and prediction of changes in state anxiety using
functional brain imaging: A test-retest study.
Neuroimage. 2016;133:408-16.

Kim HC, Bandettini PA, Lee JH. Deep neural network
predicts emotional responses of the human brain from
functional magnetic resonance imaging. Neuroimage.
2019;186:607-27.

Augustine JR. Circuitry and functional aspects of the
insular lobe in primates including humans. Brain
research Brain research reviews. 1996;22:229-44.
Saarimiki H, Gotsopoulos A, Jaiskeldinen IP, et al.
Discrete Neural Signatures of Basic Emotions.
Cerebral cortex (New York, NY : 1991). 2016;26:2563-
73.

Berboth S, Morawetz C. Amygdala-prefrontal
connectivity during emotion regulation: A meta-
analysis of psychophysiological interactions.
Neuropsychologia. 2021;153:107767.

Pourtois G, Sander D, Andres M, et al. Dissociable
roles of the human somatosensory and supetior
temporal cortices for processing social face signals.
The European journal of neuroscience. 2004;20:3507-
15.

Strawn JR, Hamm L, Fitzgerald DA, et al.
Neurostructural abnormalities in pediatric anxiety
disorders. ] Anxiety Disord. 2015;32:81-8.

. Agosta F, Valsasina P, Rocca MA, et al. Evidence for

enhanced functional activity of cervical cord in
relapsing multiple sclerosis. Magnetic resonance in
medicine. 2008;59:1035-42.

. Schaechter JD, Perdue KL, Wang R. Structural

damage to the corticospinal tract correlates with



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

bilateral sensorimotor cortex reorganization in stroke
patients. Neuroimage. 2008;39:1370-82.

Sydekum E, Baltes C, Ghosh A, et al. Functional
reorganization in rat somatosensory cortex assessed by
fMRI: elastic image registration based on structural
landmarks in fMRI images and application to spinal
cord injured rats. Neuroimage. 2009;44:1345-54.
Rogers JC, De Brito SA. Cortical and Subcortical Gray
Matter Volume in Youths With Conduct Problems: A
Meta-analysis. JAMA Psychiatry. 2016;73:64-72.

Gong Q, Wu Q, Scarpazza C, et al. Prognostic
prediction of therapeutic response in depression using
high-field MR imaging. Neuroimage. 2011;55:1497-
503.

Abe O, Yamasue H, Kasai K et al. Voxel-based
analyses of gray/white matter volume and diffusion
tensor data in major depression. Psychiatry Res.
2010;181:64-70.

Rajkowska G, Clarke G, Mahajan G, et al. Differential
effect of lithium on cell number in the hippocampus
and prefrontal cortex in adult mice: a stereological
study. Bipolar Disord. 2016;18:41-51.

Rajkowska G. Postmortem studies in mood disorders
indicate altered numbers of neurons and glial cells.
Biological psychiatry. 2000;48:766-77.

Stockmeier CA, Mahajan GJ, Konick LC, et al. Cellular
changes in the postmortem hippocampus in major
depression. Biological psychiatry. 2004;56:640-50.

Li X, Zhang M, Li K, et al. The Altered Somatic Brain
Network in State Anxiety. Front Psychiatry.
2019;10:465.

Kropf E, Syan SK, Minuzzi L, et al. From anatomy to
function: the role of the somatosensory cortex in
emotional regulation. Braz ] Psychiatry. 2019;41:261-9.
Martin EI, Ressler KJ, Binder E, et al. The
neurobiology of anxiety disorders: brain imaging,
genetics, and psychoneuroendocrinology. Psychiatr
Clin North Am. 2009;32:549-75.

85

IMJM Volume 23 No.4, October 2024





