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Analysis of Diffuse Axonal Injury Using Diffusion Tensor Imaging in Traumatic
Brain Injury Patients
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Disruption of the cytoskeletal network and axonal membranes characterizes diffuse axonal injury (DAI)
after traumatic brain injury. Histologic abnormalities seen in DAI hypothetically decrease the diffusion
along axons and increase the diffusion in directions perpendicular to them. We tested this hypothesis
by measuring the diffusion characteristics of traumatized brain tissue with use of diffusion tensor imaging
(DTI). Two patients with traumatic brain injuries and five control subjects were studied with DTI.
Mechanisms of change in fractional anisotropy maps of DTl were explored using an eigenvalue analysis
of the diffusion tensor. Axial diffusivity (A1) were decreased and radial diffusivity ((A2+A3)/2) were
increased in both caudal middle frontal gyri, pars orbitalis gyri, fusiform gyri, parahippocampal gyri
(patient 1), caudal middle frontal gyri, precentral gyri, middle temporal gyri (patient 2). Both axial and
radial diffusivity were increased in most of the frontal lobe gyri. We applied new analytic methods for
DAl in traumatic brain injury. (Brain & NeuroRehabilitation 2010; 3: 111-116)
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Fig. 1. Brain MRI on admission.
The diffusion weighted image
showed high signal intensity lesion
in left thalamus, both frontal lobe,
splenium of corpus callosum (Pa-
tient 1: A, B), splenium of corpus
callosum, left frontal white matter
(Patient 2: C, D).
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055 Fig. 2. Comparison of diffusion
[ o3s characteristics between five controls

and two traumatic brain injury pati-
ents; left hemisphere. Thin outlline
represents diffuse axonal injury
showing decreased AD and incre-
ased RD. Thick outlinerepresents
diffuse axonal injury showing both
increased AD and RD. Dotted out-
linerepresents demyelination showing
increased RD without change in AD.
AD: axial diffusivity, RD: radial
diffusivity, Axial parameter unit:
mm2/sec.
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Fig. 3. Comparison of diffusion
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characteristics between five controls
" and two traumatic brain injury pati-
° ents; right hemisphere. Thin outlli-
o . nerepresents diffuse axonal injury

showing decreased AD and incre-
ased RD. Thick outline represents
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diffuse axonal injury showing both
increased AD and RD. Dotted out-
linerepresents demyelination showing
increased RD without change in AD.
AD: axial diffusivity, RD: radial
diffusivity, Axial parameter unit:
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