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Mild Bradykinesia Due to an Injury of Corticofugal-Tract from
Secondary Motor Area in a Patient with Traumatic Brain Injury
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Objectives: We report on a patient who showed mild bradykinesia due to injury of the corticofugal tract (CFT) from the secondary motor
area following direct head trauma, which was demonstrated on diffusion tensor tractography (DTT).

Case summary: A 58-year-old male patient underwent conservative management for subarachnoid hemorrhages caused by direct head
trauma resulting from a fall from six-meter height at the department of neurosurgery of a local hospital. His Glasgow Coma Scale score
was 3. He developed mildly slow movements following the head trauma and visited the rehabilitation department of a university hospital
at ten weeks after the fall. The patient exhibited mild bradykinesia during walking and arm movements with mild weakness in all four
extremities (G/G").

Results: On ten-week DTT, narrowing of the right CFT from the supplementary motor area (SMA-CFT), and partial tearing of the left
SMA-CFT, left CFTs from the dorsal premotor cortex (dPMC-CFT) and both corticospinal tracts (CSTs) at the subcortical white matter
were observed.

Conclusion: This case demonstrated abnormalities in both CSTs (partial tearing at the subcortical white matter and narrowing), both
SMA-CFTs (narrowing and partial tearing) and left dPMC-CFT. We believe our findings suggest the necessity of assessment of the CFTs

from the secondary motor area for patients with unexplained bradykinesia following direct head trauma.
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INTRODUCTION

The corticofugal tracts (CFTs) come from the premotor or non-primary
motor or premotor cortices are classified according to the CFT from the
dorsal and ventral premotor cortex (dvPMC), and supplementary motor
area (SMA)." Injury of the CFTs is usually accompanied by limb kinetic
apraxia, because the CFTs from the secondary motor area are involved in
motor planning? Bradykinesia is a typical mild symptom of limb kinetic
apraxia.* However, the relation between CFT and bradykinesia has not
been elucidated.

The introduction of diffusion tensor tractography (DTT), which was
reconstructed from diffusion tensor imaging (DT1), has enabled three-di-
mensional reconstruction and estimation of various neural tracts in the
live human brain.* Many studies using DTT have reported on injury of

neural tracts in patients with traumatic brain injury.*” These neural tracts

include the corticospinal tract, arcuate fasciculus, corticoreticulospinal
tract, Papez circuit, spinothalamic tract, etc.*” However, little is known
about injury of the CFT from the secondary motor area, which can be ac-
companied by bradykinesia, as an important clinical feature of limb-ki-
netic apraxia (LKA).

In this study, we report on a patient who developed mild bradykinesia
due to injury of the CFT from the secondary motor area following direct

head trauma, which was demonstrated on DTT.

CASE REPORT

A 58-year-old male patient underwent conservative management for sub-
arachnoid hemorrhages caused by direct head trauma resulting from a fall
from six-meter height at the department of neurosurgery of a local hospi-

tal. The patient lost consciousness for approximately three days and expe-
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Bradykinesia Due to an Injury of Corticofugal Tract

rienced post-traumatic amnesia continuously after regaining conscious-
ness. His Glasgow Coma Scale score was 3. He developed mildly slow
movements following the head trauma and visited the rehabilitation de-
partment of a university hospital at ten weeks after the fall. The patient ex-
hibited mild bradykinesia during walking and arm movements with mild

weakness in all four extremities (G/G"), and we observed shuffling gait

Corticofugal tract from dPMC

JKPT

and mutilated pattern of execution of arm movements. No specific lesion
was observed on brain MRI (T1-weighted, T2-weighted, and Fluid attenu-
ated inversion recovery [FLAIR] images) that was taken at ten weeks after
onset (Figure 1A). One normal control subject with no history of neuro-
logic disease was enrolled for comparison with the patient in terms of

morphological characteristic of neural tract. The subjects provided writ-

Figure 1. (A) T2-weighted brain MR images at 10 weeks after onset show no abnormality.(B) Results of 10-week diffusion tensor tractography.
Narrowing of the right supplementary motor area-corticofugal tract (blue arrows) and partial tearing of the left supplementary motor area-corticof-
ugal tract (purple arrows) and dorsal premotor cortex-corticofugal tract (purple arrows), and both corticospinal tract (orange arrows) at the subcor-
tical white matter compared with those of a normal subject (56-year old male) are observed.

https://doi.org/10.18857/jkpt.2021.33.6.304

www.kptjournal.org 305



KPT The Journal of
Korean Physical Therapy

ten informed consent prior to conduct of the study and the study protocol
was approved by the institutional review board of a university hospital.
Diffusion tensor imaging (DTT) data was acquired at ten weeks after
onset using a 6-channel head coil on a 1.5 T Philips Gyroscan Intera (Phil-
ips, Ltd, Best, The Netherlands) with single-shot echo-planar imaging. 70
contiguous slices (acquisition matrix: 96 x 96, reconstructed to matrix: 192
%192, field of view: 240 x 240 mm?, TR: 10,398 ms, TE: 72 ms, parallel
imaging reduction factor: 2, echo-planar imaging factor: 59 and b: 1,000
sec/mm’, NEX: 1, and a slice thickness: 2.5 mm) were acquired parallel to
the anterior commissure-posterior commissure line. To analyze the corti-
cospinal tract (CST), fiber tracking was performed using the fiber assign-
ment continuous tracking algorithm implemented within the DTI task
card software (Philips Extended MR Work Space 2.6.). The seed region of
interest (ROI) was placed on the lower pons, and the target ROI was placed
on the upper pons on the color map. Termination criteria used for fiber
tracking were FA<0.15, angle <27°® For analysis of the CFTs from the
dorsal premotor cortex (APMC-CFT) and supplementary motor area
(SMA-CEFT), the Oxford Centre for Functional Magnetic Resonance Im-
aging of the Brain (FMRIB) Software Library (FSL; www.fmrib.ox.ac.uk/
fsl) was used for analysis of DTI data. For CFTs, the seed ROI was placed
on the cerebral peduncle of the midbrain. The target ROI was defined as
the dPMC and SMA area.® Out of 5,000 samples generated from each seed
voxel, results for each contact were visualized threshold and weightings of
tract probability at a minimum of 2 streamlines through each voxel for
analysis. On ten-week DT, narrowing (decrement of track volum) of the
right SMA-CFT, and partial tearing (rupture of part of the neural tract) of
the left SMA-CFT, left dPMC-CFT and both CSTs at the subcortical

white matter were observed (Figure 1B).

DISCUSSION

We found abnormalities in both CSTs from the primary motor cortex
(partial tearing at the subcortical white matter and narrowing), both
SMA-CFTs (narrowing and partial tearing) and left dPMC-CFT. We hy-
pothesize that mild weakness in all four extremities was ascribed to partial
tearing of both CSTs and mild bradykinesia to the injury of both SMA-
CFTs and left dPMC-CFT? Injuries of both SMA-CFTs, left dPMC-CFT,
and both CSTs indicated traumatic axonal injury, because the conven-
tional brain MRI showed no abnormality.'*"" The CFTs from the second-

ary motor area (dPMC and SMA) are involved in motor planning, and in-
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jury of the CFTs from the secondary motor area is usually accompanied
by LKA Our patient showed mild bradykinesia, a typical mild symptom
of LKA from the onset of direct head trauma.?

In the current study, using DTT, we demonstrated an association of
bradykinesia with injured CFTs from the secondary motor area in patients
with traumatic brain injury (TBI). We believe our findings suggest the ne-
cessity of assessment of the CFTs from the secondary motor area for pa-
tients with unexplained bradykinesia following TBI. Several DTT studies
have reported on injury of the CFTs from the secondary motor area in the
human brain.*'*"' By contrast, to the best of our knowledge, this is the
tirst study to demonstrate the relation of bradykinesia with injured CFTs
from the secondary motor area in patients with TBL However, because it
is a case report, this study is limited. Conduct of further complementary

studies involving larger numbers of cases is warranted.
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