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Recovery of gait and injured
corticoreticulospinal tracts in a
patient with diffuse axonal injury

sung Ho Jang, You Sung Seo’

Diffuse axonal injury (DAI) is defined
as the presence of microscopic axonal
damage in the white matter of the
brain produced by mechanical forces
and is characterized histologically by
widespread damage to axons (Maxwell
et al., 1997). Diffusion tensor imaging
(DTI1) allows evaluation of the integrity
of the white matter of brain to be
determined by virtue of its ability to
image water diffusion characteristics
(Basser et al., 1994). Therefore, DTI
has a unique advantage to detect
DAl and many studies using DTl have
investigated DAl (Wang et al., 2008).
Furthermore, previous studies using DTI
have demonstrated the recovery of DAI
in the corticospinal tract, cingulum, and
white matter (Kim et al., 2009; Edlow et
al., 2016; Jang and Seo, 2016). There is
no study on the recovery of DAl in the
corticoreticulospinal tract (CRT) which is
involved in gait function by innervating
axial and leg muscles (Matsuyama et al.,
2004).

In this study, we reported a patient with
DAl who showed the recovery of injured
CRT with gait recovery, which was
demonstrated on serial diffusion tensor
tractographies (DTTs) which are derived
from DTI data.

A 23-year-old male with no history of
illness suffered from head trauma in a
pedestrian-car crash: he was struck by a
truck. Following the head trauma he lost
consciousness, remained unconscious
for approximately 2 months, and
suffered post-traumatic amnesia
for about 3 months. His Glasgow
Coma Scale score was 6 and he was
diagnosed with DAI. After 3 months, he
presented quadriparesis and could not
even stand (Manual muscle test (Yang
and Kim, 2015): hip flexor; 0/3, knee
extensor; 1/3 and ankle dorsiflexor;
0/3). He underwent rehabilitative
therapy including neurotropic drugs
(methylphenidate, pramipexole,
ropinirole, and amantadine), movement
therapy at sections of the physical
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and occupational therapy: motor
strengthening of the trunk and both
legs, and exercises for trunk stability
and control, static and dynamic
balance training on sitting and standing
positions, and neuromuscular electrical
stimulation of the right knee extensor
and ankle dorsiflexor muscles. The
leg weakness slowly recovered over
15 months, until 18 months after the
initial injury (Manual muscle test: hip
flexor; 4/5, knee extensor; 4/5 and ankle
dorsiflexor; 3/5). He was able to walk
independently on an even floor at 18
months after trauma. This study was
conducted retrospectively, and approval
for the study was obtained from the
Institutional Review Board of Yeungnam
University Hospital (approval No. YUMC-
2019-06-032) on June 28, 2019. The
participants signed informed consent.

Diffusion tensor imaging data were
acquired at three different time
points (3, 10, and 18 months after
trauma) using a sensitivity-encoding
head coil on a 1.5-T Philips Gyroscan
Intera (Hoffman-LaRoche Ltd, Best,
the Netherlands). Imaging parameters
were as follows: b value = 1000 s/mm?,
direction = 32, acquisition matrix = 96
x 96, reconstructed to matrix = 192 x
192, field of view = 240 x 240 mm?,
repetition time = 10,726 ms, echo time
= 76 ms, parallel imaging reduction
factor (SENSE factor) = 2, echo planar
imaging factor = 49, number of
excitations = 1, and slice thickness = 2.5
mm (acquired isotropic voxel size 2.5
x 2.5 x 2.5 mm’). The fiber assignment
continuous tracking algorithm was used
for fiber tracking. For reconstruction
of the CRT, fibers passing through
two regions of interest on the color
map were adopted: the first region
of interest, the medullary reticular
formation, and the second region of
interest, the midbrain tegmentum. The
termination criteria for fiber tracking
were fractional anisotropy < 0.1, angle <
27° (Jang et al., 2018). Tract volumes of

Vol 16 | No.5 | May 2021

both CRTs of the patient were as follow:
3 months (right: 0, left: 279), 10 months
(1442, 1739), and 18 months (1442,
1739) after trauma, and CRTs of age-sex
matched normal subject are as follows
(right: 2118, left: 2243).

The 3-month DTT showed severe
narrowing of the left CRT, while the right
CRT was not reconstructed. In contrast,
the left CRT became thicker and the
right CRT was discontinued at the
subcortical white matter although it was
reconstructed on 10-month DTT. Both
CRTs became thicker on the 18-month
DTT, although these revealed partial
tearing at the subcortical white matter
(Figure 1).

In this study, we observed the changes
of the injured CRTs on DTT over 15
months in a patient with DAI. On the
3-month DTT, both CRTs showed severe
injuries (right: discontinuation, left:
severe narrowing) and these injured
CRTs slowly recovered over 15 months.
Both CRTs revealed mild injuries (partial
tearing at the subcortical white matter)
on 18-month DTT. In addition, tract
volume of both CRTs increased with
time. Among DTT parameters, tract
volume is the sensitive parameter
for the recovery of an injured neural
tract because tract volume indicates
the number of neural fibers in a
neural tract (Assaf and Pasternak,
2008). These changes of the CRTs on
serial DTTs appeared to coincide with
changes of the gait function and leg
weakness: although he could not even
stand independently at 3 months after
trauma, he could walk independently at
18 months. Therefore, we believe, the
regaining of gait function in this patient
was at least partly attributed to the
recovery of injured CRTs (Jang and Lee,
2017; Jang et al., 2018).

In summary, using serial DTTs which is
a non-invasive image technique, the
recovery of injured CRTs was presented
in a patient with DAl who revealed
gait recovery. Our results suggest the
usefulness of DTT to reveal the recovery
of injured CRT in patients with gait
disturbance. In addition, this study
gives us an important message in the
recovery of injured CRTs facilitated by
the long-term rehabilitation. Since the
introduction of reconstruction method
of the CRT using DTT, several studies



Figure 1 | Diffusion tensor tractography for the CRT in a 23-year-old male patient with diffuse axonal

injury.

(A) T2-weighted MR images at 1 month shows no abnormality. (B) The DTT for the CRT. On 3-month

DTT for the CRT, the left CRT shows severe narrowing whereas the right CRT is not reconstructed (blue
arrows). In contrast, the left CRT becomes thicker with the partial tearing at the subcortical white matter
(green arrow) and the right CRT is discontinued at the subcortical white matter (green arrow) although
it is reconstructed on 10-month DTT. On 18-month DTT, both CRTs become thicker although these show
partial tearing (green arrows) at the subcortical white matter compared with those of a normal subject
(24-year-old male) who were recruited from the same university hospital. CRT: Corticoreticulospinal
tract; DTT: diffusion tensor tractography; R: right; TV: tract volume.

reported the recovery monitoring of
injured CRT in patients with stroke or
traumatic subdural hematoma (Jang
et al., 2015; Jang and Chang, 2016). As
far as we know, this is the first study to
demonstrate the recovery monitoring of
injured CRT after DAI. However, because
it is a case report, this study is limited.

Sung Ho Jang, You Sung Seo”

Department of Physical Medicine and
Rehabilitation, College of Medicine, Yeungnam
University, Daegu, Republic of Korea
*Correspondence to: You Sung Seo, MS,
yousungl1008@hanmail.net.
https://orcid.org/0000-0002-7480-3071

(You Sung Seo)

Date of submission: March 1, 2020

Date of decision: May 10, 2020

Date of acceptance: June 14, 2020

Date of web publication: November 16, 2020

https://doi.org/10.4103/1673-5374.297092

How to cite this article: Jang SH, Seo YS (2021)
Recovery of gait and injured corticoreticulospinal
tracts in a patient with diffuse axonal injury. Neural
Regen Res 16(5):924-925.

Author contributions: Study concept and design,

manuscript development and writing; SHJ; data
acquisition and analysis, manuscript authorization:
YSS, approval of final version of this paper: SHJ and
YSS.

Conflicts of interest: The authors declare that they
have no competing interests.

Financial support: This work was supported by

the National Research Foundation of Korea (NRF)
grant funded by the Korean Government (MSIP),
No. NRF-2018R1A6A3A11050913 (to SHJ).
Institutional review board statement: Approval
for the study was obtained from the Institutional
Review Board of Yeungam University Hospital
(approval No. YUMC-2019-06-032) on June 28,
2019.

Declaration of participant consent: The

authors certify that they have obtained the
appropriate participant consent form. In the

form, the participants have given their consent

for their images and other clinical information

to be reported in the journal. The participants
understand that their name and initial will not be
published and due efforts will be made to conceal
their identity.

Reporting statement: This study followed the CAse
REport (CARE) statement.

Biostatistics statement: No statistical method was
used in this study.

Copyright license agreement: The Copyright
License Agreement has been signed by both

authors before publication.

Data sharing statement: Datasets analyzed
during the current study are available from the
corresponding author on reasonable request.
Plagiarism check: Checked twice by iThenticate.
Peer review: Externally peer reviewed.

Open access statement: This is an open access
Journal, and articles are distributed under the
terms of the Creative Commons Attribution-Non-
Commercial-ShareAlike 4.0 License, which allows
others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is
given and the new creations are licensed under the
identical terms.

Open peer reviewers: Mercedes Fernandez,
University of Bologna, Italy; Rodolfo Gabriel Gatto,
University of lllinois at Chicago, USA.

Additional file: Open peer review reports 1 and 2.

References

Assaf Y, Pasternak O (2008) Diffusion tensor
imaging (DTl)-based white matter mapping
in brain research: a review. ] Mol Neurosci
34:51-61.

Basser PJ, Mattiello J, LeBihan D (1994) Estimation
of the effective self-diffusion tensor from the
NMR spin echo. J Magn Reson B 103:247-254.

Edlow BL, Copen WA, lzzy S, van der Kouwe
A,Glenn MB, Greenberg SM, Greer DM, Wu O
(2016) Longitudinal diffusion tensor imaging
detects recovery of fractional anisotropy within
traumatic axonal injury lesions. Neurocrit Care
24:342-352.

Jang SH, Chang MC (2016) Recovery of an injured
corticoreticulospinal tract in a patient with
pontine hemorrhage. Int J Stroke 11:NP18-19.

Jang SH, Lee J, Lee HD (2015) Peri-infarct
reorganization of an injured corticoreticulospinal
tract in a patient with cerebral infarct. IntJ
Stroke 10:E62-63.

Jang SH, Seo JP (2016) Recovery of an injured
cingulum via an aberrant neural tract in a
patient with traumatic brain injury: A case
report. Medicine (Baltimore) 95:e4686.

Jang SH, Lee HD (2017) Gait recovery by activation
of the unaffected corticoreticulospinal tract
in a stroke patient: a case report. Medicine
(Baltimore) 96:€9123.

Jang SH, Chang CH, Jung YJ, Seo YS (2018)
Recovery process of bilaterally injured
corticoreticulospinal tracts in a patients with
subarachnoid hemorrhage: case report.
Medicine (Baltimore) 97:€13401.

Kim DG, Kim SH, Kim OL, Cho YW, Son SM, Jang SH
(2009) Long-term recovery of motor function
in a quadriplegic patient with diffuse axonal
injury and traumatic hemorrhage: a case report.
Neurorehabilitation 25:117-122.

Matsuyama K, Mori F, Nakajima K, Drew T,

Aoki M, Mori S (2004) Locomotor role of

the corticoreticular-reticulospinal-spinal
interneuronal system. Prog Brain Res 143:239-
249.

Maxwell WL, Povlishock JT, Graham DL (1997) A
mechanistic analysis of nondisruptive axonal
injury: a review. J Neurotrauma 14:419-440.

Wang JY, Bakhadirov K, Devous MD, Sr., Abdi H,
McColl R, Moore C, Marquez de la Plata CD,
Ding K, Whittemore A, Babcock E, Rickbeil
T, Dobervich J, Kroll D, Dao B, Mohindra N,
Madden CJ, Diaz-Arrastia R (2008) Diffusion
tensor tractography of traumatic diffuse axonal
injury. Arch Neurol 65:619-626.

Yang JM, Kim SY (2015) Correlation of knee
proprioception with muscle strength and
spasticity in stroke patients. J Phys Ther Sci
27:2705-2708.

C-Editor: Zhao M, S-Editor: Li CH; L-Editor: Song LP;
T-Editor: Jia Y

NEURAL REGENERATION RESEARCH | Vol 16 | No.5 | May 2021 | 925



