
INTRODUCTION

After traumatic brain injury (TBI), cerebral hemorrhage 
and diffuse axonal injury (DAI) could coexist, and this 
could induce varying degrees of physical disability. And 
it is important to identify the extent of axonal injury early; 
however, this was a diagnostic challenge with conven-
tional imaging tools [1,2].

Although conventional magnetic resonance imaging 
(MRI) became one of the most powerful tools for provid-
ing structural information after TBI such as hemorrhage 
and herniation, additional information about axonal 
injuries was limited [2,3]. A new MRI technique known 
as diffusion tensor imaging (DTI) can reveal axonal or-
ganization of the brain, such as the corticospinal tract 
(CST), which was not possible with conventional imaging 
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A 51-year-old man showed hemiplegia on his right side after a traumatic brain injury (TBI). On initial brain 
computed tomography (CT) scan, an acute subdural hemorrhage in the right cerebral convexity and severe 
degrees of midline shifting and subfalcine herniation to the left side were evident. On follow-up brain magnetic 
resonance imaging (MRI), there were multiple microhemorrhages in the left parietal and occipital subcortical 
regions. To explain the occurrence of right hemiplegia after brain damage which dominantly on the right side of 
brain, we used diffusion tensor imaging (DTI) to reconstruct the corticospinal tract (CST), which showed nearly 
complete injury on the left CST. We also performed motor-evoked potentials, and stimulation of left motor cortex 
evoked no response on both sides of upper extremity. We report a case of patient with hemiplegia after TBI and 
elucidation of the case by DTI rather than CT and MRI.
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studies. DTI provides information about the degree and 
direction of water diffusion in multiple directions within 
individual voxels of the MRI. The water diffusion data at 
the level of each individual voxel in a region can be sum-
marized and visualized as an apparent diffusion coef-
ficient (ADC) and fractional anisotropy (FA). Diffusion 
tensor tractography (DTT) is a method used to identify 
and visualize a continuous 3-dimensional trajectory by 
sequentially piecing together the estimates of fiber ori-
entation from the directionality of individual voxels. It 
allows us to monitor the longitudinal evolution of axonal 
injuries and the efficacy of interventions in a variety of 
disease models [4]. DTI is now becoming widely avail-
able in clinical scanners, and human clinical studies are 
actively being performed employing this technique.

CASE REPORT

A 51-year-old man was admitted through the emer-
gency room with decreased mental status on October 16, 
2014. On admission, we could not check manual muscle 
test because of the patient’s stuporous mental status; his 
Glasgow Coma Scale (GCS) score was 3. Brain computed 
tomography (CT) revealed an acute subdural hemorrhage 
in right cerebral convexity and a small subarachnoid 
hemorrhage in fronto-parietal sulci and sylvian cistern, 
with severe degrees of midline shifting and subfalcine 
herniation towards the left (Fig. 1). The patient was ad-
mitted to the Department of Neurosurgery and had de-
compressive craniectomy on the day of admission. On 
November 24, 2014, he had cranioplasty and additional 
craniotomy, and was transferred to the rehabilitation de-

partment on December 11, 2014. The patient’s GCS score 
was 14 at this time, and he could obey 2-step commands. 
Physical examination revealed motor weakness rang-
ing from trace to fair grade on his right side with sensory 
deficits, whereas his left side showed minimal subjective 
weakness (grade 4). However, his deep tendon reflex was 
hyperactive at not only right upper and lower extremities 
but also left upper extremity. Spasticity appeared bilater-
ally; the right side was Modified Ashworth Scale grade 2, 
compared with the left side, which was grade 1. In addi-
tion, pathologic reflex was observed bilaterally, indicated 
by a positive Hoffman sign on the left side and a Babinski 
sign and an ankle clonus on the right side.

Conventional MRI showed cytotoxic edema in right fron-
tal and temporal lobe with hemorrhagic cortical contu-
sions in right inferior frontal, temporal, and left parietal 
lobe. Multiple microhemorrhages in left parietal and occip-
ital subcortical regions were observed in susceptibility-
weighted images (Fig. 2). With these results, we could not 
completely explain the occurrence of hemiplegia on right 
side along with relatively mild weakness on the left side. 
We performed a brain MRI, adding DTI to reconstruct his 
CST using Philips Achieva 3.0T TX (Philips, Amsterdam, 
Netherlands). The imaging parameters were: field of view 
250×250, TR=9213.90 ms, TE=70.0 ms, 2.0-mm thickness, 
and 1.0 number of excitations (NEX). The imaging data 
sets were transferred to a workstation (Philips Extended 
MR WorkSpace 2.6.3.4) to reconstruct the DTT.

The results showed that right CST was injured in the 
subcortical white matter, and left CST was nearly com-
pletely injured (Fig. 3). These findings were in correlation 
with the patient’s symptoms, e.g., hemiplegia on the right 

Fig. 1. Brain computed tomogra-
phy at the onset of injury shows an 
acute subdural hemorrhage in right 
cerebral convexity and a small sub-
arachnoid hemorrhage in fronto-
parietal sulci and sylvian cistern 
(yellow arrow), with severe degrees 
of midline shifting and subfalcine 
herniation towards the left side 
(blue arrow).
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Fig. 3. Diffusion tensor image at 3 
months after injury shows that the 
right corticospinal tract (CST) was 
injured in the subcortical white 
matter and that the left CST was 
nearly completely injured.

A

B

Fig. 2. Brain magnetic resonance 
imaging at 1 week after injury. (A) 
T2 FLAIR image (TR/TE=9000/120 
ms) shows cytotoxic edema with 
diffusion restriction in right infe
rior frontal and right temporal lobe. 
In addition, hemorrhagic cortical 
contusions in right inferior frontal, 
temporal, and left parietal lobe can 
be seen; otherwise, no definite ab-
normalities such as cerebral infarc-
tion were found in the left hemi-
sphere. (B) Susceptibility-weighted 
image (TR/TE=22.8/31.9 ms) shows 
multiple microhemorrhages in left 
parietal and occipital subcortical 
regions (blue arrow).
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side. The FA and ADC values are shown in Table 1. 
Motor-evoked potentials (MEPs) were measured at 2 

months after the injury on abductor pollicis brevis (APB) 
muscles of both hands with an aim to enhance the re-
sults of DTT. A figure-of-eight shaped coil connected to 
a Magstim 200 magnetic stimulator (Magstim, Whitland, 
UK) was placed on scalp over the primary motor cortex 
(M1) for eliciting maximal MEPs in contralateral APB. 
Stimulation intensity for measuring MEP was set at the 
suprathreshold (MT1mV) and MEP sizes in each muscle 
were determined by averaging MEPs with 15 stimuli [5]. 
Stimulation of the right M1 showed 1.35 mV of MEP on 
left APB. In contrast, stimulating the left M1 showed no 
MEP responses on right APB. 

DISCUSSION

In this case study, we report a case of a patient with 
right hemiplegia after TBI whose initial brain CT showed 
brain damage mainly on the right side and in whom DTT 
showed complete injury to the left CST.

In the process of TBI, mechanical forces that shear axons 
can occur on the opposite site of impact by inertial as well 
as by direct forces at the site of the impact. DAI and fo-
cal contusion can result in neuronal disconnection, or 
diaschisis in TBI, which could induce motor weakness. 
Furthermore, transtentorial herniation can bring about 
CST injury by compressing the cerebral peduncle, which 
is caused by the downward displacement of medial brain 
structures out of the cranium through the tentorial notch 
following head trauma [3,6]. Because of these complex 
etiologies of TBI, it is difficult to recognize the actual neu-
rologic origins of the symptoms in TBI patients. Since 
conventional MRI provides limited information about such 
etiologies, DTI has been used to demonstrate the axonal 
injuries after TBI [6].

In the present case, we performed MEP studies with an 
aim to enhance the results of DTI study. MEP is a useful 
measure for establishing the functional status of the CST, 
and it is widely used to predict the neurologic progno-
sis in many neurologic abnormalities including TBI [7]. 
However, MEP could not show the exact site of the injury 
of CST. For this reason, DTI is proposed as an additional 
study to clarify the location and extent of damage.

Brain physiology and neurology are still obscure, and 
many tools and techniques are currently being devel-
oped to reveal the pathophysiology of brain. Clinicians 
who treat brain injury patients can miss the chance of 
accurate evaluation if they depend on limited tools. In 
most cases of TBI, we prefer conventional brain imaging 
techniques, but DTI can provide additional information 
as well as help to localize pathologic lesions within the 
broad range of TBI.

In conclusion, we propose DTI as a possible and useful 
add-on study for patients with DAI after TBI whose clini-
cal symptoms could not be explained by conventional 
imaging studies.
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Table 1. Mean values of FA and ADC

Diffusion tensor image
CST PLIC Medulla

Left Right Left Right Left Right
FA 0.418 0.495 0.437 0.492 0.502 0.502

ADC (mm2/s) 1.007 0.908 1.038 0.960 1.031 1.031

CST, corticospinal tract; PLIC, posterior limb of internal 
capsule; FA, fraction anisotropy; ADC, apparent diffusion 
coefficients.
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