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Introduction 

Tract-based spatial statistics (TBSS) is a way to implement an image of multiple fiber tracts 

from diffusion tensor imaging (DTI) by projecting the fractional anisotropy (FA) skeleton. It 

is highly reproducible and has the advantage of analyzing various tracts. Since traumatic 

brain injury (TBI) causes white matter disruption in complex patterns such as diffuse axonal 

injury, analyzing the DTI in TBI patients with TBSS is a good way to identify the loss of 

integrity of multi-subject fiber tracts. We used TBSS in TBI patients with mild to moderate 

cognitive impairment to analyze the correlation between cognition and indices reflecting 

white matter integrity of multi-subject fiber tracts. The purpose of this study is to 

determine which fiber tract plays an important role in each cognition domain. 

Method 

From September 2015 to September 2018, data of TBI patients who were hospitalized at 

CHA Bundang rehabilitation center were reviewed. Patients who (1) had previous brain 

lesions (2) underwent ventriculoperitoneal shunt (3) were not able to perform Wechsler 

Adult Intelligence Scale (K-WAIS-IV) were excluded. All twenty patients underwent DTI and 

cognitive assessments with K-WAIS-IV and Rey-Kim memory test. In DTI analysis, voxel-

wise statistical analysis of the FMRIB Software Library (FSL version 4.1, Oxford, UK) was 

done with the standard procedure. Diffusion tensor values were calculated for each voxel 

and individual FA and mean diffusivity (MD) metrics were derived from the 3D map using 

the FMRIB Diffusion Toolbox. The MNI152 space was used as a standard-space template. 

The atlas-based regions of interest were automatically generated using the JHU White-

Matter Tractography Atlas. Spearman correlation coefficient was used as an analysis for 

correlation between the cognitive assessments and FA and MD values of multi-subject 

fiber tracts. 

Result 

Table 1 summarizes the baseline characteristics of 20 patients. FA is a summary measure 

of microstructural integrity. MD is an inverse measure of the membrane density. In most 



tracts, FA values were negatively correlated with age, and MD values were positively 

correlated with age. Overall cognitive assessments showed moderate correlation with 

integrity of anterior thalamic radiation and cingulum. According to cognitive domains, 

verbal comprehension showed moderate correlation with integrity of left uncinate 

fasciculus, perception reasoning showed moderate correlation with integrity of corpus 

callosum and right superior longitudinal fasciculus, and memory showed moderate 

correlation with integrity of hippocampal cingulum (Table 2, 3).

Conclusion 

Analyzing the DTI with TBSS in TBI patients with mild to moderate cognitive impairment 

showed close relationship between IQ and anterior thalamic radiation and cingulum, 

between verbal comprehension and left uncinate fasciculus, between perception and 

corpus callosum and right superior longitudinal fasciculus, and between memory and 

hippocampal cingulum. 
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TBI, Traumatic Brain Injury; GCS, Glasgow Coma Scale; GDS, Geriatric Depression Scale; FSIQ, Full-Scale 

Intelligence Quotient; VCI, Verbal Comprehension Index; PRI, Perceptual Reasoning Index; WMI, Working 

Memory Index; PSI, Processing Speed Index; MQ, Memory Quotient Index score FSIQ, VCI, PRI, WMI, and PSI 

were assessed by Korean Wechsler Adult Intelligence Scale-IV, and MQ was assessed by Rey-Kim Memory 

Test



Spearman correlation coefficient (rho) was used as an analysis for correlation. * p < 0.05, ** p < 0.001 FA, 

Fractional Anisotropy; IQ, FSIQ, Full-Scale Intelligence Quotient; VCI, Verbal Comprehension Index; PRI, 

Perceptual Reasoning Index; WMI, Working Memory Index; PSI, Processing Speed Index; MQ, Memory 

Quotient; ATR, Anterior Thalamic Radiation; CC, Corpus Callosum; CG, Cingulum; HC, Hippocampal Cingulum; 

IFO, Inferior Fronto-Occipital; SLF, Superior Longitudinal Fasciculus; UF, Uncinate Fasciculus Index score FSIQ, 

VCI, PRI, WMI, and PSI were assessed by Korean Wechsler Adult Intelligence Scale-IV, and MQ was assessed 

by Rey-Kim Memory Test



Spearman correlation coefficient (rho) was used as an analysis for correlation. * p < 0.05, ** p < 0.001 MD, 

Mean Diffusivity; IQ, FSIQ, Full-Scale Intelligence Quotient; VCI, Verbal Comprehension Index; PRI, Perceptual 

Reasoning Index; WMI, Working Memory Index; PSI, Processing Speed Index; MQ, Memory Quotient; ATR, 

Anterior Thalamic Radiation; CC, Corpus Callosum; CG, Cingulum; HC, Hippocampal Cingulum; IFO, Inferior 

Fronto-Occipital; SLF, Superior Longitudinal Fasciculus; UF, Uncinate Fasciculus Index score FSIQ, VCI, PRI, 

WMI, and PSI were assessed by Korean Wechsler Adult Intelligence Scale-IV, and MQ was assessed by Rey-

Kim Memory Test


