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Introduction 
Despite the negative findings of structural MR images in mild traumatic brain injury 
patients (mTBI) in clinics, there was clear evidence showing structural brain alterations in 
mTBI [1,2]. The aim of this study was to examine structural brain changes of mTBI 
compared to controls using a tensor-based morphometry (TBM) [3], capturing regional 
volume expansion and contraction. Since time post injury influence on brain changes 
significantly [4], we also tried to examine the relationship between time post injury and 
structural brain changes of mTBI. 
 
Methods 
Twenty-two patients with mTBI were included in this study (5M/17F, mean age: 53±4.6 
years). Time post injury was from 25 days to 46 months (177.1±321.7 days). As a control 
group, thirty subjects were included (9M/21F, mean age: 56.1±10.8 years). 3D T1 images 
were acquired through a 3T GE scanner. TBM was applied to the groups using following 
framework by SPM12. First, we manually aligned the anterior and posterior commissures 
and segmented the images. DARTEL template was created using the segmented gray 
matter, white matter, and cerebrospinal fluid tissue maps. In this stage, flow field maps 
were acquired containing deformation information between subject space and template. 
The template is the inter-subject coregistered image, so we should normalize it to the 
MNI space. Deformation and jacobian determinant maps were estimated representing 
local shape changes from the individual T1 images to the MNI template image. Jacobian 
determinant value above, and below 1 indicated volume expansion and contraction, 
respectively. For statistical analysis, log transformed jacobian determinant maps were 
compared between the groups by a two-sample t-test with age and total intracranial 
volume as nuisance variables. Relationship between the structural brain changes and 
time post injury was also examined using the correlation analysis with age and total 
intracranial volume as nuisance variables. Statistical significance was all set at 
uncorrected P<0.005, with number of voxels per cluster>50. 
 
Results 
Compared to the controls, significant volume expansion of the patients was observed in 
the cerebral cortices, and significant volume contraction was observed in the cerebellum, 
midbrain, and middle cerebellar peduncles (Table 1 and Figure 1A and B, respectively). 
More complex results were found in between the structural brain changes and time post 



injury of the patients (Table 2 and Figure 2). Volume of the frontal areas including 
precentral, and extra-nuclear were expanded while the volume of the parietal areas 
including postcentral, and superior temporal regions were contracted when time post 
injury was increased. 
 
Conclusion 
Structural brain changes observed in the mTBI patients may indicate plastic changes and 
vulnerability of the brain due to traumatic injury. Time post injury may be associated with 
the changes significantly. Future study should be needed to understand the meaning of 
the results.  
 

 
Table 1. Volume enlargement and contraction observed in the mTBI patients compared to the controls 

(Uncorrected P < 0.005, cluster size > 50).  

Table 2. Volume enlargement and contraction associated with time post injury of the patients (Uncorrected 

P < 0.005, cluster size > 50).  

 

 
Fig 1. (A) Volume expansion and (B) contraction observed in the patients compared to the controls.  



 
Fig 2. (A) Volume expansion and (B) contraction correlated with time post injury of the patients.  


