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Delayed activation of leg 
somatotopic fibers of an injured 
corticospinal tract in a patient with 
cerebral infarction

Stroke is a leading cause of major adult 
disabilities, and motor weakness is one of 
the most serious disability-related sequelae 
of stroke. Most of the motor recovery in 
stroke patients is reported to occur within 6 
months after stroke onset, and this period 
is deemed critical for motor recovery in 
stroke (Grefkes and Fink, 2020; Olafson et 
al., 2021). Therefore, active rehabilitation 
within 6 months after stroke onset is strongly 
recommended for hemiparetic stroke 
patients (Grefkes and Fink, 2020; Olafson 
et al., 2021). Research on delayed motor 
recovery after the critical period is important 
in stroke rehabilitation because it could 
provide a basis for rehabilitation strategies 
for chronic patients who failed to show good 
recovery during the critical period, even 
though they had a potential for good motor 
recovery. However, little is known about 
delayed motor recovery occurring more 
than 6 months after stroke onset (Jang et al.,  
2019).

In the current study,  we report  on a 
stroke patient who showed delayed leg 
motor recovery and activation of the leg 
somatotopic fibers of an injured corticospinal 
tract (CST) during 4 months occurring 8 
months after stroke onset. Recovery and 
activation were demonstrated via follow-
up diffusion tensor tractography (DTT) and 
transcranial magnetic stimulation (TMS), 
respectively.

A 60-year-old right-handed man presented 
with complete paralysis of the right upper 
and lower extremities (Medical Research 
Council [MRC] score: 0/5) at the onset of 
an infarct in the left middle cerebral artery 
region. He underwent thrombectomy for 
occlusion of the sphenoidal segment (M1) 
of the left middle cerebral artery after the 
onset of the infarction in the left middle 
cerebral artery territory at the department 
of neurosurgery of a university hospital. 
He started rehabilitation to improve the 
weakness on the right upper and lower 
extremities 2 weeks after onset at a local 
rehabilitation center. At 8 months after 
onset, he was admitted to the rehabilitation 
center of the above university hospital to 
undergo additional rehabilitation. Brain 
magnetic resonance images at 8 and 12 
months after onset showed leukomalactic 
lesions in the left corona radiata, the internal 
capsule, and the basal ganglia (Figure 1A). 

He showed the severe weakness of the right 
extremities (MRC scores: shoulder abductor; 
2, finger extensors; 0, hip flexor; 3+, knee 
extensor; 4– and ankle dorsiflexor; 0) (Menon 
et al., 2019). He underwent comprehensive 
rehabilitative therapy, including neurotropic 
drug administration (dopaminergic drugs: 
pramipexole, ropinirole, and amantadine), 
movement therapy, and neuromuscular 
electrical stimulation of the right finger 
extensors and ankle dorsiflexors (20 minutes, 
5 times a day) (Hesse and Werner, 2003;  
Engelter et al., 2019; Tashiro et al., 2019). 
Movement therapy was conducted with a 
focus on the improvement of the function 
of the right extremities and trunk and was 
conducted five times per week in our physical 
and occupational therapy department 
during a 2-month hospitalization period 
and underwent further movement therapy 
three times per week at an outpatient clinic 
for 2 months after discharge. The weakness 
of his right ankle dorsiflexors showed good 
recovery from 8 months to 12 months after 
onset, but there was no significant motor 
recovery of other muscles (MRC score: ankle 
dorsiflexor; 0 → 2+). The patient provided 
informed consent to participate in this 
study. The study protocol was approved by 
the Institutional Review Board of Yeungam 
University Hospital, Republic of Korea (YUMC 
2019-06-032) on June 21, 2019. 

DTT data were acquired at 8 and 12 months 
after stroke onset using a 6-channel head 
coil on a 1.5 T Philips Gyroscan Intera 
(Philips, Best, The Netherlands). Seventy 
contiguous slices (acquisition matrix = 96 
× 96, reconstructed to matrix = 192 × 192 
matrix, field of view (FOV) = 240 mm × 240 
mm, repetition time (TR) = 10,398 ms, echo 
time (TE) = 72 ms, SENSE factor = 2, EPI 
factor = 59 and b = 1000 s/mm2, number 
of excitations = 1, and thickness = 0.5 mm) 
were acquired. A fiber assessment by 
continuous tracking algorithm was used for 
fiber tracking. Each of the DTT replications 
was intra-registered to the baseline (b0) 
images to correct for residual eddy-current 
image distortions and head motion effects by 
using diffusion registration software (Philips 
Medical Systems, Best, the Netherlands) with 
a threshold fractional anisotropy value of 
0.2 and an angle of 50°. For reconstruction 
of the CST, the first region of interest was 
placed on the upper pons in an axial image, 
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and the second region of interest was placed 
at the mid pons in an axial image (Boudier-
Revéret et al., 2020).

The left CST was observed to descend 
through the posterior  port ion of  the 
infarcted area in the corona radiata on the 
8-month DTT. However, the left CST was 
on the 12-month DTT thicker than on the 
8-month DTT, and there was an increase 
in the number of transcallosal fibers on 
12-month DT T ( f iber  number:  3836) 
compared with that on the 8-month DTT 
(fiber number: 369) (Figure 1B).

TMS was performed 8 and 12 months 
after onset using a Magstim Novametrix 
200 magnetic st imulator with a 9-cm 
mean diameter circular coil (Novametrix 
Medical Systems Inc, Wallingford, CT, USA). 
Cortical stimulation was performed with 
the coil held tangentially over the vertex. 
The left hemisphere was stimulated by a 
counterclockwise current, while the right 
hemisphere was stimulated by a clockwise 
current. Motor evoked potentials (MEPs) 
were obtained from both tibialis anterior (TA) 
muscles in a relaxed state with maximum 
stimulator output. Each hemisphere was 
stimulated four times at a minimum of 
10-second intervals. To avoid possible bias 
when averaging several MEPs, which can be 
quite variable, we selected the MEP with the 
shortest latency and the largest amplitude. 
We measured the parameters of latency and 
amplitude (from negative to positive peak) 
from the accepted MEP (Bell et al., 2018).

No MEP was obtained from the right TA 
muscle 8 months after onset. A lower 
amplitude MEP (latency: 34.2 ms, amplitude: 
100 µV, ET: 100%) was obtained from the 
right TA muscle than from the left TA (latency: 
34.1 ms, amplitude: 900 µV, excitatory 
threshold: 100%) 12 months after onset 
(Figure 1C).

In this study, by using follow-up DTT and 
TMS, we evaluated the motor function of 
the recovered ankle muscle of a patient 
with a middle cerebral artery infarct. 
Based on the following observations, we 
believe that the recovery of the right ankle 
muscle was related to the activation of the 
leg somatotopic fibers of the injured left 
CST. When he started rehabilitation at our 
rehabilitation center at 8 months after onset, 
he had complete weakness of his right ankle 
dorsiflexors and this weakness was recovered 
to resistance to gravity during the 4 months 
of rehabilitation at our rehabilitation center. 
At 8 months after onset, DTT assessment 
showed the integrity of the left CST along 
with the posterior portion of the infarcted 
area is preserved; in addition, the fiber 
number value, which represents the total 
fiber number of the CST, increased from 
369 (8 months) to 3836 (12 months) (Jang 
et al., 2013). Considering the somatotopic 
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arrangement of the CST in the corona 
radiata, we suggest that the leg somatotopic 
fibers of the left CST were preserved at 8 
months after onset and became activated 
by the four months of rehabilitation at our 
rehabilitation center (Kwon et al., 2014). It 
appears that the results of our TMS studies 
of the TA muscle concurred with the DTT 
results. The patient had undergone similar 
rehabilitation at a local rehabilitation center; 
however, at our rehabil itation center, 
neurotropic drugs were used and the patient 
underwent more frequent neuromuscular 
e lectr ical  st imulat ion (previous local 
rehabilitation center, 1–2 times a day; our 
rehabilitation center, 5 times a day) was 
different therapeutic modalities.

In conclusion, our results suggest that the 
delayed motor recovery of the affected 
leg of the patient with cerebral infarction 
could be ascribed to the activation of the 
leg somatotopic fibers of the injured CST. 
This result indicates the importance of 
determining the MEP of related muscles and 
of evaluating the state of the CST via DTT and 
TMS study. However, further studies with 
large sample size are warranted to verify the 
findings.
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Figure 1 ｜ MRI and DTT images and motor evoked potentials of a 60-year-old male patient with cerebral infarction.
(A) T2-weighted MRI images show an encephalomalacia in the left middle cerebral artery region. (B) DTT results. 
The left corticospinal tract (red) is observed to descend through the posterior portion of the infarcted area in the 
corona radiata (green arrows) at 8 months after onset. The left corticospinal tract is observed to be thickened and the 
transcallosal fibers increased at 12 months after onset (fiber number: 3836) compared with that at 8 months after onset 
(fiber number: 369). The right corticospinal tract is indicated by indicated by a yellow color.(C) Transcranial magnetic 
stimulation (TMS)-induced motor evoked potentials obtained from the right tibialis anterior (TA) muscle. No motor 
evoked potential is obtained from the right TA muscle at 8 months after onset. A low amplitude motor evoked potential 
(latency: 34.2 ms, amplitude: 100 µV) is obtained from the right TA muscle at 12 months after onset. DTT: Diffusion 
tensor tractography; MRI: magnetic resonance imaging.
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