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ABSTRACT 
 
The connection between thalamic structure and handedness has important implications for understanding the neural 
basis of lateralization, and this may shed light on the underlying mechanisms of motor control and cognitive processes. 
This study investigated the relationship between thalamic nuclei morphometry and handedness, aiming to elucidate the 
neuroanatomical basis of manual preference. Utilising neuroimaging data from a test-retest functional magnetic reso-
nance imaging (MRI) dataset, T1-weighted volumes were acquired and processed using automated segmentation 
methods. Thalamic nuclei were parcellated into 25 regions, and grey matter volumes were analysed using the Free-
surfer software tool. Statistical comparisons of the interhemispheric volume of the four thalamic nuclei between left- 
and right-dominant individuals were conducted using independent sample t-tests. This study identified interhemispheric 
differences in specific thalamic nuclei (the ventral anterior thalamic nucleus and the ventral posterolateral thalamic nu-
clei) in the left- and right-dominant individuals, suggesting structural variability within the thalamus associated with 
handedness. The findings underscore the importance of considering subcortical structures in understanding the neural 
basis of manual preference and highlight avenues for further research in thalamic morphology and its relationship with 
handedness. 
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INTRODUCTION 
 
A person's inclination to use one hand exclusively for uni-
manual tasks and their capacity to do these tasks more 
efficiently while using one hand is termed handedness. 
Handedness, a seemingly innocuous marker of functional 
asymmetry, harbours deep-seated mysteries regarding its 
origins and implications for human evolution. While theo-
ries abound, consensus on the aetiological factors remains 
elusive (Witelson et al., 1991). 
The human brain exhibits remarkable asymmetry, with dis-
tinct functional and anatomical differences between the left 
and right hemispheres. Handedness, or manual prefer-
ence, is one of the most overt manifestations of cerebral 
lateralization. Understanding the neural correlates of 
handedness is essential for unravelling the complex inter-

play between genetics, environment, and brain structure. 
In exploring the intersection of anatomical brain asymme-
tries and hand preference, previous research has uncov-
ered significant links between brain morphology and hand-
edness (Amunts et al., 2000).  
There have been many studies about the relationship be-
tween handedness and brain morphology using magnetic 
resonance imaging (MRI) data. However, many of them 
were focused only on cortical morphology. Areas investi-
gated include whole grey matter (Good et al., 2001; Ock-
lenburg et al., 2016), and individual areas of the cortex 
such as the central sulcus (Amunts et al., 2000), pars tri-
angularis (Foundas et al., 1995), planum temporale (Foun-
das et al., 1995; Herve et al., 2006), inferior frontal sulcus, 
precentral sulcus (Herve et al., 2006), and insula (Keller et 
al., 2011; Biduła and Króliczak, 2015). Cortical thickness 
analysis and sulcal depth measurements have unveiled 
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subtle yet significant differences in brain structure between 
left- and right-dominant individuals (Geschwind and Levit-
sky, 1968; Luders et al., 2006). However, because the cor-
tex is well connected with various subcortical structures 
and exchanges information with them, morphological in-
vestigation of subcortical structures is also important. One 
of the subcortical structures connected to the cerebral cor-
tex is the thalamus. 
The thalamus is one of the key relay stations in the brain. It 
plays a crucial role in sensorimotor processing and may 
contribute to handedness preferences (Fama and Sullivan, 
2015). However, the specific relationship between thalamic 
nuclei morphometry and handedness remains understud-
ied. The present research study aimed to address this gap 
by examining the interhemispheric disparities in the tha-
lamic nuclei grey matter volume of left- and right-dominant 
individuals, shedding light on the neuroanatomical basis of 
handedness. By examining key topological properties such 
as normalised clustering coefficient and global efficiency, 
we aim to unravel the interhemispheric- and handedness-
related differences in the organisational patterns of hemi-
spheric structural networks (Bassett et al., 2008).  
 
 
MATERIALS AND METHODS 
 
The Original Purpose of the Data Acquisition 
A test-retest functional magnetic resonance imaging (fMRI) 
dataset on motor, linguistic, and spatial attention functions 
provided the neuroimaging data utilised in this investiga-
tion. It is open-access data and can be accessed at 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC361991/. 
Other data used for this research and its metadata are 
open source and obtained from the GigaScience Database 
(Gorgolewski et al., 2013). 
  
Study Participants 
The 10 subjects (median age 52.5 years, min = 50, max = 
58) included four males and six females, of which three 
were left-handed and seven right-handed. Each subject 
was scanned twice, either two (eight subjects) or three 
(two subjects) days apart. All subjects were informed that 
the data collected during this study may be shared with 
other researchers, given that the data would be anony-
mized, and they all gave their consent. Ethical approval for 
the present study was obtained from the University of Port 
Harcourt Research Ethics Board with ethical approval 
number UPH/CERMAD/REC/MM84/05. 
The selection criteria for study participants include that 
participants be left or right-handed, aged 50 years and 
older, and healthy with no neurological disorders. Subjects 
with neurological disorders or a history of such disorders 
were excluded from the study. 
 
Data Acquisition 
Data were acquired on a GE Signa HDxt 1.5 T scanner 
with an 8-channel phased-array head coil at the Brain Re-
search Imaging Centre, University of Edinburgh, UK. T1-
weighted volumes were acquired in the coronal plane with 

a FOV of 256 × 256 mm, a slice thickness of 1.3 mm, 156 
slices, an acquisition matrix of 256 × 256, TR = 10 s, TE = 
4 s, and an inversion time (TI) of 500 ms. High-resolution 
whole brain DTI scans were acquired with 64 directions (b 
= 1000 s/mm² [6]) plus seven T2-weighted (b = 0 s/mm2) 
single-shot spin-echo echo-planar imaging volumes with a 
FOV = 256 × 256 mm, slice thickness of 2 mm, 72 axial 
slices, an acquisition matrix of 128 × 128, TR = 16.5 s, and 
TE = 98 ms. 
  
Anatomical Data Pre-processing (T1w) 
Each subject was assigned a random, unique identifier 
using the Digital Imaging and Communications in Medicine 
(DICOM) confidential de-identification toolkit (http://source 
forge.net/projects/privacyguard/). This toolkit replaced their 
names and any other medical identification information. 
For each scanning sequence, the DICOM files were anon-
ymized according to the Health Insurance Portability and 
Accountability Act guidelines. DICOM to Neuroimaging 
Informatics Technology Initiative (NIfTI) data format con-
version was performed using the dcm2niix tool 
(http://www.mccauslandcenter.sc.edu/mricro/mricron/dcm2
nii.html). 
To prevent visual identification of study participants, the 3D 
T1-weighted images were defaced using mri_deface 
(http://www.na-mic.org/Wiki/index.php/Mbirn:_Defacer_for 
_structural_MR) (Gorgolewski et al., 2013). The defaced 
T1w datasets were imputed into the brainlife.io platform 
(defaced_datasets). 
To crop, reorient, and debiase the images to match the 
orientation of the MNI152 template, the fsl_anat (T1) pro-
cess on Brainlife was staged and executed. The cropped 
and reoriented images were then linearly aligned using 
FMRIB's Linear Image Registration Tool (FLIRT) (Jen-
kinson and Smith, 2001; Jenkinson, 2003) and subse-
quently aligned non-linearly to the MNI152 1mm template 
using FNIRT (Greve and Fischl, 2009). The linearly aligned 
images will hereafter be referred to as the ‘acpc aligned’ 
anatomical (T1w) images. The non-linearly aligned image, 
often referred to as the "warped" image, underwent a more 
complex transformation compared to the linear alignment 
process. This transformation involves adjusting the image 
to better match the intricate anatomical features of a 
standard template, such as the MNI152 1mm template 
mentioned. This involved techniques like nonlinear regis-
tration or deformation-based morphometry. These tech-
niques allow for more flexible adjustments to align the indi-
vidual anatomical features of the subject's brain with those 
of the template. 
After the non-linear alignment process, the resulting image 
is usually referred to as the "registered" or "warped" image. 
This image represents the subject's anatomical data in a 
standardised space, allowing for more accurate compari-
sons and analyses across different subjects. 
 
Morphometric Analysis 
Following alignment, the ‘acpc aligned’ anatomical (T1w) 
images were processed via the Freesurfer 7.3.2 function to 
generate a parcellation of the thalamus into 25 different 
nuclei using a probabilistic atlas built with histological data. 
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The parcellation is based on structural MRI, either the 
main T1 scan or recon-all [http://freesurfer.net/fswiki/Thal 
amicNuclei]. 
 

 

 
Fig. 1: Thalamic nuclei morphometry for left- and right- handed 
individuals showing different views (sagittal, coronal, and axial) of 
study participants using Freesurfer software. A. Left-handed indi-
vidual; B. Right-handed individual 
 
Subsequently, Freesurfer Statistics was used to convert 
important parcellation statistics, including volume, to a.csv 
file for each hemisphere. The output data for the respec-
tive thalamic nucleus for each hemisphere was used for 
the statistical analysis. 
  
Statistical Analysis 
A statistical analysis was performed on this data. Assump-
tions of normality were tested for continuous variables us-
ing the Shapiro-Wilk test for normality and Levene's test for 
homogeneity of variances. All of these showed a normal 
distribution. An independent sample t-test was used to as-
sess interhemispheric differences in thalamic nuclei vol-
umes between left- and right-handed subjects. A p-value of 
<0.05 was used for defining statistical significance. 
 
 
RESULTS 
 
Demographic Information of Participants 
The 10 subjects were between the ages of 50 and 58. 
(median age 52.5 years, min = 50, max = 58) included four 
males and six females, of which three were left-handed 
and seven right-handed (Table 1). 
 
 
Table 1: Demographic information of left- and right-handed study 
participants 
 

Differences Between the Left and Right Hemispheric 
Thalamic Nuclei Volumes in the Left- and Right-
Handed Subjects 
Thalamic Nuclei Variation: The mean grey matter volume 
for different thalamic nuclei, such as ventral anterior mag-
nocellular nucleus (VAmc), ventral lateral anterior nucleus 
(VLA), ventral lateral posterior nucleus (VLP), and ventral 
posterolateral nucleus (VPL) are clearly delineated. Each 
nucleus exhibited distinct mean grey matter volumes, indi-
cating structural variability within the thalamus. VAmc 
showed a lower mean grey matter volume compared to 
VLP and VPL. This variation suggests that different nuclei 
serve unique functional roles or have differential contribu-
tions to cognitive and motor processes (Table 2). 
  
Differences Between the Volumes of the Ventral Ante-
rior Thalamic Nuclei (Magnocellular Part) in the Left 
and Right Hemispheres of the Light and Left-Handed 
Subjects 
In right-handed subjects, there was no statistically signifi-
cant difference (p = 0.888) in the VAmc thalamic nuclei 
volume between the left hemisphere and the right hemi-
sphere.  In left-handed subjects, there was also no signifi-
cant difference (p = 0.105) in the VAmc thalamic volume 
between the left hemisphere and the right hemisphere . 
This shows that there were no interhemispheric disparities 
in VAmc thalamic volume, both in the right-handed sub-
jects and the left-handed subjects (Table 2). 
  
Differences Between the Volumes of the Ventral Lat-
eral Anterior (VLA) Thalamic Nuclei in the Left and 
Right Hemispheres of the Right and Left-Handed Sub-
jects 
In right-handed subjects, there was a significant difference 
(p < 0.05) in the VLA thalamic nuclei volume between the 
left hemisphere and right hemispheres, with a mean vol-
ume reduction of approximately 242.87 mm³ in the right 
hemisphere compared to the left. In the left-handed sub-
jects, there was no significant difference in VLA thalamic 
nuclei volume between the left and right hemispheres (Ta-
ble 2). 
  
Differences Between the Volumes of the Ventral Lat-
eral Anterior Posterior (VLP) Nuclei in the Left and 
Right Hemispheres of the Left and Right-Handed Sub-
jects 
In right-handed subjects and left-handed subjects, there 
was no significant difference in VLP thalamic nuclei vol-
ume between the left and right hemispheres (Table 2). 
  
Differences Between the Volumes of the Ventral Pos-
terolateral (VPL) Nuclei in the Left and Right Hemi-
spheres of the Right and Left-Handed Subjects 
In right-handed subjects, there was a significant difference 
(p < 0.05) in grey matter volume between the left and right 
hemispheres, with a mean volume increase of approxi-
mately 55.19 mm³ in the left hemisphere compared to the 
right. In left-handed subjects, no significant difference in 
grey matter volume between the left and right hemispheres 
was observed (Table 2). 

Category Description 

Participants 10 healthy volunteers over 50 years of age 

Age range 50-58 years 

Gender 4 males and 6 females 

Handedness 3 left-handed and 7 right-handed 

Scanning 
Each subject was scanned twice, either 2 or 3 
days apart 

A    B 
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P<0.05 is significant. LH - left hemisphere; RH - right hemi-
sphere; VAmc - ventral anterior nucleus, magnocellular part; VLA 
- ventral lateral anterior nucleus; VLP - ventral lateral posterior 
nucleus; VPL - ventral posterolateral nucleus 
 
 
DISCUSSION 
 
This study investigated the relationship between thalamic 
nuclei morphometry and handedness, aimed to show the 
neuroanatomical basis of manual preference. This study 
has identified interhemispheric differences in specific tha-
lamic nuclei (the ventral posterolateral nuclei) in left- and 
right-dominant individuals, providing insights into the struc-
tural variability within the thalamus associated with hand-
edness. 
Thalamic nuclei play a crucial role in sensorimotor pro-
cessing and are intricately connected with various cortical 
regions involved in motor control and cognitive functions 
(Wolff et al., 2021). Our study's focus on thalamic mor-
phology expands upon previous research primarily centred 
on cortical morphology, emphasising the importance of 
investigating subcortical structures in understanding man-
ual preference (Boelens et al., 2021). By utilising advanced 
neuroimaging techniques and automated segmentation 
methods, thalamic nuclei and their grey matter volumes 
analysis were accurately delineate. 
The observed differences in grey matter volume between 
left- and right-dominant individuals suggest structural vari-
ability within the thalamus associated with handedness: 
This is in tandem with the work of Chibaatar et al. (2023). 
Specifically, thalamic nuclei such as VAmc, VLa, VLp, and 
VPL exhibited distinct mean grey matter volumes, indicat-
ing potential functional specialisation or differential contri-
butions to cognitive and motor processes. For instance, 
VAmc displayed a lower mean grey matter volume com-
pared to other nuclei, suggesting potential differences in its 
functional role or connectivity patterns. 
The nonsignificant differences in VAmc grey matter volume 
between hemispheres suggest balanced structural devel-
opment in both hemispheres, irrespective of handedness. 
This finding may indicate that manual preference does not 
strongly influence the asymmetry of this thalamic nucleus. 
This finding is in line with a previous study (Chibaatar et 
al., 2023). 
The significant reduction in grey matter volume of VLa in 
the right hemisphere of right-handed individuals suggests 
a potential link between manual preference and structural 
asymmetry in this thalamic nucleus. This finding suggests  

that there may be differences in the neural architecture 
related to motor planning and execution between the left 
and right hemispheres, which could be linked to the pref-
erence for using the right hand in manual tasks among 
right-handed individuals. It also suggests a reduction in the 
density or size of neurons and their associated structures 
within this thalamic nucleus. This may indicate a de-
creased number of neurons, dendrites, or synapses, po-
tentially affecting the processing and transmission of mo-
tor-related signals and sensory information. 
The decreased grey matter volume in the VLa of the right 
hemisphere in right-handed individuals could indicate less 
efficiency or reduced structural complexity in this region. 
Since the left hemisphere typically controls motor functions 
in right-handed individuals, a decrease in grey matter vol-
ume in the right hemisphere, particularly in regions associ-
ated with motor planning and execution like the VLa, may 
reflect a lesser degree of neural specialisation or structural 
development compared to the left hemisphere. 
This interpretation aligns with the idea that handedness is 
associated with hemispheric specialisation, where the 
dominant hemisphere, typically the left hemisphere in right-
handed individuals, exhibits greater structural and func-
tional specialisation for motor tasks (Annett, 1985). There-
fore, the observed reduction in grey matter volume in the 
VLa of the right hemisphere in right-handed individuals 
may reflect the asymmetrical distribution of neural re-
sources related to motor control and manual preference 
(Ghaderi et al., 2012). 
In right-handed subjects, there was no significant differ-
ence in grey matter volume between the left and right hem-
ispheres. The absence of significant interhemispheric dif-
ferences in VLP grey matter volume between hemispheres 
in right-handed individuals suggests bilateral structural 
symmetry in this thalamic nucleus. 
The ventral posterolateral nucleus (VPL) of the thalamus is 
primarily involved in somatosensory processing, particular-
ly the relay of sensory information from the body to the 
cerebral cortex. It receives input from the dorsal column-
medial lemniscal pathway, carrying tactile and propriocep-
tive information from the body, and projects this infor-
mation to the primary somatosensory cortex (Hirato et al., 
2021). A decrease in grey matter volume in the VPL could 
suggest alterations in the density or size of neurons and 
their connections within this nucleus. This may influence 
the processing and transmission of somatosensory sig-
nals, potentially affecting tactile perception and propriocep-
tive awareness. 

Table 2: The thalamic nuclei volumes between the left and right hemispheres of right handed and left-handed individuals 
 

Subjects Hemisphere 

Grey Matter Volume (mm³) 
VAmc VLA VLP VPL 

Mean ± SD (mm3) Mean ± SD (mm3) Mean ± SD (mm3) Mean ± SD (mm3) 

RH 
Left 38.15±6.89 756.95±66.70 942.70±85.35 1098.82± 234.077 

Right 38.38±5.02 738.48±86.41 994.82±100.71 954.06±154.51 

LH 
Left 44.64±3.21 883.71±21.47 1142.43±36.54 1201.41±44.42 

Right 45.29±3.32 881.23±39.97 637.30±467.76 1281.12±1.528 
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In the context of right-handed individuals, a significant in-
crease in grey matter volume in the ventral posterolateral 
nucleus (VPL) of the left hemisphere suggests asymmet-
rical structural development related to somatosensory pro-
cessing. As the left hemisphere typically processes senso-
ry information from the right side of the body, an increase 
in VPL grey matter volume may indicate enhanced neural 
resources dedicated to somatosensory processing for the 
dominant hand, which is often the right hand in right-
handed individuals. 
This finding suggests that manual preference may influ-
ence the structural development of specific thalamic nuclei 
associated with sensorimotor processing. 
 
Conclusion  
In conclusion, the study sheds light on the neuroanatomi-
cal basis of manual preference by investigating the rela-
tionship between thalamic nuclei morphometry and hand-
edness. Through detailed analysis of gray matter volumes 
in specific thalamic nuclei, notable differences between 
left- and right-dominant individuals was identified, offering 
insights into the structural variability within the thalamus 
associated with handedness. 
Our findings reveal distinct gray matter volume differences 
in specific thalamic nuclei, such as the ventral anterior nu-
cleus, magnocellular part (VAmc), ventral lateral anterior 
nucleus (VLa), ventral lateral posterior nucleus (VLP), and 
ventral posterolateral nucleus (VPL), suggesting potential 
functional specialization or differential contributions to cog-
nitive and motor processes.. 
Our study contributes to a deeper understanding of the 
intricate neural mechanisms underlying manual preference 
and emphasizes the relevance of thalamic morphology in 
elucidating the structural basis of manual dexterity and 
function. 
 
Data availability   
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