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The impact of long-term tai chi training on brain structural

plasticity and postural balance: a multimodal neuroimaging study

Bowen Liu, Xiaoxia Du
Shanghai University of Sport, Shanghai, 200438, China

Abstract: Objective: Tai Chi Chuan (TCC) is a traditional Chinese mind-body practice that combines
slow movement, breath control, and attentional focus, and is known to enhance balance and cognitive
function. However, the neural mechanisms underlying these benefits remain unclear. In particular, it is not

well understood how long-term TCC training may influence brain structures related to sensorimotor
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integration and visuospatial attention—core components of balance control. This study aimed to examine
whether elite TCC athletes show structural brain adaptations associated with enhanced balance ability, and
to identify specific gray and white matter correlates of these adaptations. Methods: Sixty-five
right-handed young adults participated, including 35 nationally certified TCC athletes and 30 age-, sex-,
and education-matched controls. Postural balance was assessed using a Wii balance board under quiet
standing conditions. High-resolution T1-weighted images were analyzed with voxel-based morphometry
(VBM) via CAT12, and diffusion kurtosis imaging (DKI) data were processed using QSIPrep and DIPY to
extract diffusion (FA, AD) and kurtosis (MK, RK) metrics. Between-group comparisons, partial
correlations, and logistic regression models were used to assess brain—behavior relationships and
classification performance. Results: TCC athletes exhibited significantly better postural stability (P < 0.01).
VBM analyses showed increased gray matter volume in the cuneus, cingulate cortex, hippocampus,
thalamus, and parietal/frontal areas. DKI analyses revealed higher FA, AD, RK, and MK in motor- and
sensory-related white matter tracts, including the corticospinal tract and corpus callosum. Notably, MK in
the corticospinal tract and posterior corona radiata was negatively correlated with RMS sway displacement,
suggesting a link between white matter complexity and balance control. A multimodal logistic regression
model achieved high classification accuracy (AUC = 0.903). Conclusion: Long-term TCC training leads
to widespread structural brain adaptations in young athletes, enhancing both gray matter volume and white
matter microstructural complexity. These neuroplastic changes are closely associated with improved
balance performance. Multimodal MRI features may serve as reliable biomarkers of training-induced brain

plasticity.
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