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Peri-infarct reorganization of an 
injured corticospinal tract in a 
patient with cerebral infarction

Corticospinal tract (CST), a major neural 
tract in the human brain for motor function, 
is involved mainly in the movement of the 
distal extremities (Jang and Lee, 2019). 
Recovery of an injured CST is essential for 
good recovery of impaired motor function 
in stroke patients (Jang and Lee, 2019). 
Peri-infarct reorganization of an injured 
CST is an important mechanism underlying 
recovery of motor function in stroke patients 
(Jang, 2007). In this study, we reported 
on a patient with cerebral infarction who 
showed recovery of an injured CST by peri-
infarct reorganization using diffusion tensor 
tractography (DTT) and transcranial magnetic 
stimulation (TMS).

A 57-year-old, right-handed male patient 
who was admitted to the Rehabilitation 
Department  of  Yeungnam Univers i ty 
Hospital presented with right hemiplegia 
due to an infarct in the left corona radiate 
(CR;  Figure 1A). He had histories of cerebral 
infarction in the left pontine tegmentum and 
anterior CR at 15 years and 3 months earlier, 
respectively; however, he had recovered 
almost completely without sequelae from 
those previous infarcts. When he started 
rehabilitation at 2 weeks after the most 
recent infarction, he had severe weakness 
of the right extremities (Motricity Index 
[MI]: 28 points; full score: 100 points) and 
complete weakness of the right hand (finger 
flexors and extensors) (Medical Research 
Council [MRC]: 0 point; full score: 5 points) 
(Demeurisse et al., 1980; Gregson et al., 
2000). At 2–6 weeks after cerebral infarction 
onset,  he underwent comprehensive 
rehabilitative therapy, including movement 
t h e ra p i e s  p ro v i d e d  by  p hys i ca l  a n d 
occupational therapists (motor strengthening 
of the right upper and lower extremities, 
and exercises for trunk stability and control, 
static and dynamic balance training on 
sitting and standing positions, twice a 
day, 40 minutes once, 5 days per week), 
took neurotrophic drugs (Pramipexole, 
Ropinirole, Amantadine sulfate, Levodopa, 
Bromocriptine), neuromuscular electrical 
stimulation for the right finger extensors and 
ankle dorsiflexors, repetitive TMS therapy 
using a MAGPRO stimulator (Medtronic 
Functional Diagnostics, Skovlunde, Denmark) 

with the device’s left precentral knob set at 
a frequency of 10 Hz, intensity of 80% motor 
threshold, and 160 pulses for 8 minutes. 
At 4 weeks after cerebral infarction onset, 
his right hemiparesis recovered to an MI 
score of 41 points (right finger flexors and 
extensors: 2–/5) with further recovery to an 
MI score of 64 points (right finger flexors 
and extensors: 3/5) at 8 weeks after onset. 
At that time, he was able to perform grasp-
release movements using his right hand and 
to walk independently. 

A 6-channel head coil on a 1.5T Philips 
Gyroscan Intera (Philips, Ltd., Best, the 
Netherlands) with 32 gradients and single-
shot echo-planar imaging was used to 
acquire diffusion tensor imaging data. On 
2-week post-onset DTT, the left CST (fiber 
number: 1299) was visualized as almost 
discontinuous with only a small  f iber 
connection to the cerebral cortex passing 
through the posterior portion of the infarct 
lesion in the CR. The severely l imited 
continuity of the left CST was shown as 
restored on the 4-week post-onset DTT (fiber 
number: 1387). The tract was notably thicker 
on the 8-week post-onset DTT (fiber number: 
1774) (Figure 1B). Signed informed consent 
was obtained from the patient. The study 
protocol was approved by the Institutional 
Review Board of  Yeungam Univers ity 
Hospital, Republic of Korea (YUMC 2019-06-
032) on June 21, 2019. 

TMS was performed using a Magstim 
Novametrix 200 magnetic stimulator with 
a circular coil with the mean diameter of 
9 cm (Novametrix Medical Systems Inc, 
Wallingford, CT, USA). On 2-week post-onset 
TMS, motor evoked potentials (MEPs) were 
not detected for the right abductor pollicis 
brevis muscle. By contrast, MEPs were 
obtained on 4-week TMS (mean latency 
25.3 ms and amplitude 100 µV) and the 
amplitude was further increased on 8-week 
post-onset TMS (mean latency 25.2 ms and 
amplitude 300 µV) (Figure 1C).

In  th is  pat ient ,  the  hand-assoc iated 
somatotopic fibers of the severely injured 
left CST had recovered via peri-infarct 
reorganization which indicates the transfer 
of motor function into adjacent areas of an 
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infarct through the posterior portion of the 
infarct lesion. We concluded the following: 
First, the infarct location of the left CR 
corresponded to the hand somatotopic area 
for the left CST. Second, complete weakness 
of the right hand at 2 weeks after onset 
was recovered sufficiently to allow grasp-
release movements at 8 weeks after onset. 
Third, restoration of the almost discontinued 
left CST was indicated by increased left CST 
fiber numbers on serial DTTs performed 
during the 8 weeks after onset. Fourth, MEP 
recovery of the affected hand was based 
on the visualization of an MEP at 4 weeks 
after onset and the presence of increased 
MEP amplitude at 8 weeks after onset. Fifth, 
this mode of progression indicates that this 
motor recovery could be ascribed to brain 
plasticity, and not to the resolution of local 
factors such as edema which usually occurs 
within 1–2 weeks after onset (Furlan et al., 
1996; Witte, 1998). Taken together, the 
recovery indicated by DTT and MEP results 
for the left CST appears to be consistent with 
the concurrent motor function recovery of 
his right hand (Rossini et al., 1998; Cramer 
et al., 2000; Jaillard et al., 2005; Grefkes 
and Ward, 2014; Jang et al., 2015; Tennant 
et al., 2015; Zhang et al., 2015; Jang and 
Jang, 2016; Jang and Seo, 2018). Although 
a few studies have reported on peri-infarct 
reorganization to the posterior area of CR 
infarct, this study has unique characteristics 
to demonstrate the recovery process using 
serial DTT and TMS from the early stage 
to chronic stage of CR infarct (Jang et al., 
2015; Kwon et al., 2007). Our findings 
about the motor recovery mechanism in 
stroke from the current study can provide 
useful information for planning specific 
rehabilitation strategies, estimating the 
duration of rehabilitation, and predicting the 
prognosis. 
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Figure 1 ｜ Results of diffusion tensor tractography for peri-infarct reorganization of an injured 
corticospinal tract in a 57-year-old, right-handed male patient with cerebral infarction.
(A) T2-weighted magnetic resonance images obtained 2 days after cerebral infarction onset show 
infarctions in the left corona radiata and the right prefrontal lobe and a leukomalactic lesion (red arrows) 
in the left anterior corona radiata. (B) Results of diffusion tensor tractography (DTT). On 2-week DTT, the 
left corticospinal tract (CST) is almost discontinuous with the presence of only a small fiber connection 
to the cerebral cortex (yellow arrow) passing through the posterior portion of the infarcted lesion in the 
corona radiata. This severely limited continuity of the left CST is shown as partially restored on the 4-week 
DTT (blue arrow) and notably thickened on the 8-week DTT (sky-blue arrow). (C) Results of transcranial 
magnetic stimulation (TMS). On 2-week post-onset TMS, a motor evoked potential for the right abductor 
pollicis brevis muscle is not present. By contrast, a motor evoked potential is present on the 4-week TMS 
(latency 25.3 ms and amplitude 100 µV) and its amplitude was increased on the 8-week TMS (latency 
25.2 ms and amplitude 300 µV). LT: Lefts; RT: right.


