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IMAGING IN NEURAL REGENERATION

Recovery of an injured corticospinal 
tract during the early stage of 
rehabilitation following 
pontine infarction 
 

Motor weakness is a common and important sequela of stroke, 
and motor recovery is mostly achieved within 3 months follow-
ing stroke (Jorgensen et al., 1995; Fujii and Nakada, 2003), sug-
gesting the importance of active rehabilitation during the early 
stage of stroke. Many studies have reported on neurological 
recovery during this period, however, little is known about pon-
tine infarction (Jang et al., 2007; Kwon and Jang, 2012; Kwon 
et al., 2013; Yeo and Jang, 2013; Chang et al., 2014; Jang and 
Yeo, 2014; Seo and Jang, 2015). In this study, we attempted to 
demonstrate the recovery of an injured corticospinal tract (CST) 
using diffusion tensor tractography (DTT) and transcranial 
magnetic stimulation (TMS) during the early stage of rehabili-
tation following pontine infarction.

A 71-year-old woman presented with right hemiplegia that 
occurred at the onset of an infarct in the left pontine base (Fig-
ure 1A). She underwent conservative management for pontine 
infarction at the department of neurosurgery of a hospital. 
At 2 weeks after onset, she was transferred to the rehabilita-
tion department to undergo rehabilitation. She had the severe 
weakness of the right upper and lower extremities at onset (the 
manual muscle test [MMT](Frese et al., 1987): upper, 0–1/ low-
er, 2) and moderate weakness at the beginning of rehabilitation 
at 2 weeks after onset (the MMT: 3/3). During a period of 3 
weeks from 2 to 5 weeks after onset, she underwent rehabilita-
tive treatment, including administration of neurotrophic drugs 
(ropinirole, levodopa, and amantadine), movement therapy, 
and neuromuscular electrical stimulation of the right finger ex-
tensors and ankle dorsiflexor (Scheidtmann et al., 2001). Move-
ment therapy for improving locomotion in the right upper and 
lower extremities was performed during the conventional ther-
apy sessions five times per week (70 minutes/day). At 5 weeks 
after onset, her right weakness was improved, with 4/4 on the 
MMT; consequently, she was able to perform some fine motor 
activities using her right hand and walk independently. The 
patient provide signed, informed consent and our institutional 
review board approved the study protocol.

A 6-channel head coil on a 1.5 T Philips Gyroscan Intera 
(Philips, Best, Netherlands) with 32 gradients was applied for 
acquisition of diffusion tensor imaging data (twice: 2 and 5 
weeks after onset respectively).  Seventy contiguous slices were 
acquired. Parameters of imaging were as follows: acquisition 
matrix = 96 × 96, reconstructed to matrix = 192 × 192, field of 
view = 240 × 240 mm2, repetition time = 10,398 ms, echo time 
= 72 ms, parallel imaging reduction factor = 2, echo-planar im-
aging factor = 59 and b = 1,000 s/mm2, number of excitations = 
1, and a slice thickness of 2.5 mm. Philips Extended MR Work 
Space 2.6.3 based on deterministic fiber tracking was used for 
estimation of the CST with two regions of interest (the poste-
rior limb of the internal capsule and pyramid in the upper me-
dulla on the axial images) (Kwon et al., 2011). The set of fiber 
tracking used default values (fractional anisotropy (FA) of > 0.15 
and a direction threshold of < 27°) and FA, apparent diffusion 
coefficients, and voxel number was measured. On both 2- and 
5-week DTT images, the integrity of the left CST was preserved 

between the primary sensorimotor cortex and pyramid in the 
medulla through the peri-infarct areas (Figure 1B), however, 
compared with 2-week DTT images, the left CST was thickened 
on 5-week DTT images; on 5-week DTT image, the FA and vox-
el number of the left CST was increased to 0.47 and 964 voxels 
compared with those (0.44 and 658 voxels) on 2-week DTT im-
ages (Table 1). 

Table 1 Diffusion tensor image parameters of the corticospinal tract 
in a patient with pontine infarction

Weeks after onset

FA ADC Voxel number

Right Left Right Left Right Left

2 0.53 0.44 0.86 0.80 1,351 658

5 0.51 0.47 0.87 0.85 1,440 964

FA: Fractional anisotropy; ADC: apparent diffusion coefficients.

TMS was also performed at the same time with DTTs using 
a Magstim Novametrix 200 magnetic stimulator (Novametrix 
Inc., Wallingford, CT, USA) equipped with a circular coil (mean 
diameter: 9 cm). The counterclockwise current was used to 
stimulate the left hemisphere. Motor-evoked potentials (MEPs) 
were elicited from abductor pollicis brevis (APB) muscles. Ex-
citatory threshold (ET) was set as the minimum stimulus need-
ed to elicit an MEP with a peak-to-peak amplitude of 50 μV or 
greater in two out of four attempts. Each site was stimulated 
three times and the average peak to peak amplitudes were ad-
opted. On the 2-week TMS, an MEP was elicited from the right 
APB (latency: 28.5 ms; amplitude: 50 μV; excitatory threshold 
(ET): 100%) (Figure 1C). By contrast, on 5-week TMS, the la-
tency was shortened and the amplitude was increased (latency: 
23.1 ms; amplitude: 350 μV; ET: 100 %) (Figure 1C).

In this study, we found that the injured left CST was thick-
ened on 5-week DTT image compared with 2-week DTT image; 
this thickening was consistent with the increment of FA and 
voxel numbers, which demonstrated that the number of neural 
fibers changed from 658 voxels on 2-week DTT image to 964 
voxels on 5-week DTT image (Schaechter et al., 2008; Kwak et 
al., 2010; Jang et al., 2013, 2014). The change of the left CST 
observed on DTT also coincided with the change of the am-
plitude of MEP, which indicates the amount of CST fibers (50 
μV on 2-week TMS was increased to 350 μV on 5-week DTT) 
and with the clinical motor recovery of the right extremities 
(3/3 on the MMT at 3 weeks after onset to 4/4 at 5 weeks after 
onset) (Rossini et al., 1994). Previous studies have reported that 
the initial recovery within 2 weeks after stroke was attributed 
to the resolution of local factors such as peri-lesional edema 
or inflammation (Furlan et al., 1996; Witte, 1998). Therefore, 
we believe that the changes observed on DTT and TMS images 
during a 3-week period from 2 weeks to 5 weeks after onset 
were mainly attributed to brain plasticity, but not to resolution 
of local factors such as edema (Furlan et al., 1996; Witte, 1998). 

In summary, we report on a patient who had recovery of an 
injured CST during the early stage of rehabilitation following a 
pontine infarct. Many previous studies have reported on recov-
ery of an injured CST during the early stage of stroke, however, 
most of these studies focused on supratentorial intracerebral 
hemorrhage (Jang et al., 2007; Kwon and Jang, 2012; Kwon et al., 
2013; Yeo and Jang, 2013; Chang et al., 2014; Jang and Yeo, 2014; 
Seo and Jang, 2015). To the best of our knowledge, this is the first 
study to demonstrate the recovery of an injured CST during the 
early stage of rehabilitation in a patient with a pontine infarct. 
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However, this study is limited to a case report. Further studies 
involving large numbers of cases are needed. Future studies will 
also focus on neurological recovery during the early stage of re-
habilitation in patients with an injury in other brain regions or 
with other pathologies. 
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Figure 1 T2-weighted brain magnetic resonance images and results of 
diffusion tensor tractography and transcranial magnetic stimulation in a 
71-year-old female patient with an infarct in the left pontine base. 
(A) T2-weighted MRI images (2 and 5 weeks after onset) showing an infarct 
in the left pontine base (red arrows). R: Right. (B) Diffusion tensor trac-
tography (DTT) images of the corticospinal tract (CST). On both 2- and 
5-week DTT images, the integrity of the left CST was preserved through 
the peri-infarct areas, however, the left CST was thickened on 5-week DTT 
images compared with that on 2-week DTT images (blank green arrow: 
thinning of the left CST on the 2-week DTT images, blue arrow: thicken-
ing of the left CST on the 5-week DTT image). R: Right; A: anterior. (C) 
Motor-evoked potentials (MEPs) elicited from the right abductor pollicis 
brevis (APB) muscle. In a 2-week transcranial magnetic stimulation (TMS) 
study, an MEP was elicited from the right APB muscle (latency: 28.5 ms; 
amplitude: 50 µV; excitatory threshold (ET): 100%). By contrast, the latency 
was shortened and the amplitude was increased in the 5-week TMS study 
(latency: 23.1 ms; amplitude: 350 µV; ET: 100 %). X-axis: Latency; Y-axis: 
amplitude.
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