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Abstract
BACKGROUND: Brain plasticity refers to the extraordinary ability of the brain to modify its structure and function 
after changes within the body or in the external environment. However, brain plasticity is not easily detectable using 
non-invasive imaging modalities.

CASE REPORT: In this article, we report the case of a 36-year-old male patient with sequelae of encephalitis. 
The patient had general epilepsy with multiple hospital admissions. Imaging performed using a 3.0 Tesla magnetic 
resonance imaging scanner showed that his cerebral hemispheres were asymmetrical, both morphologically and 
tractographically; we observed a scar at the right temporo-occipital region and atrophy of the right temporal lobe, 
hippocampus, and the pons. Diffusion tensor imaging (DTI) reconstruction showed asymmetrical corticospinal and 
thalamocortical tracts, with partial damage of the posterior thalamocortical tract by the scar. Blended motor-sensory 
nerve bundles were observed on the left side of the patient’s brain exclusively and not on the right side or healthy 
subjects. DTI quantification showed a lower line number, lower fractional anisotropy, and higher apparent diffusion 
coefficient in the patient compared with healthy subjects and in the patient himself, with decreased functionality on 
the side of the scar.

CONCLUSION: Non-invasive DTI with 3D image reconstruction in this patient showed evidence of brain plasticity 
in the corticospinal and thalamocortical tracts, which can be used to inform diagnosis and plan treatment strategies.

Edited by: Igor Spiroski
Citation: Lam K, Nguyen PT, Anh LV, Lien T. Blended 

Motor-Sensory Nerve Bundles on Diffused Tensor 
Imaging: Evidence of Brain Plasticity in a Patient with 

36-year Sequelae from Encephalitis. Open-Access Maced 
J Med Sci. 2022 Mar 21; 10(C):126-132. 

https://doi.org/10.3889/oamjms.2022.8643
Keywords: Sensory thalamocortical tract; Motor 

corticospinal tract; Diffusion tensor imaging; 3.0 Tesla 
magnetic resonance imaging scanner; Brain plasticity

*Correspondence: Khanh Lam, Department of Diagnostic 
Imaging, Hospital 108, No. 1 Tran Hung Dao Street, Hai 

Ba Trung District, Hanoi, Vietnam. 
E-mail: lamkhanh.himed@gmail.com 

Received: 15-Jan-2022
Revised: 07-Feb-2022

Accepted: 11-Mar-2022
Copyright: © 2022 Khanh Lam, Pham Thanh Nguyen, 

Lam Viet Anh, Tran Lien
Funding: This research did not receive any financial 

support
Competing Interest: The authors have declared that no 

competing interest exists
Open Access: This is an open-access article distributed 

under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Diffused tensor imaging (DTI) is a magnetic 
resonance imaging (MRI)-based technique that was 
developed recently to visualize the nerve pathways 
between regions of the brain and between the brain 
and the spinal cord [1], [2], [3]. Conventionally, MRI 
is the best imaging method to monitor and evaluate 
brain lesions. Its high spatial resolution and good tissue 
contrast, especially for brain tissue, render it the first 
choice for assessing brain damage. DTI is used to 
reconstruct nerve pathways by recording the diffusion 
of water molecules in myelinated nerve tissues. When 
water is in a free environment (e.g., cerebrospinal fluid), 
the water molecules diffuse in random directions, the 
so-called isotropic diffusion [4], [5]. However, in tissues, 
especially in myelinated nerve tissues, water molecules 
diffuse only in certain directions, namely, the direction 
of nerve fibers or bundles, which is called anisotropic 
diffusion and allows the visualization of the conduction 
pathways in the central nervous system [6]. When the 

pathway is damaged because of encephalitis, cerebral 
infarction, cerebral hemorrhage, or brain tumor, the 
anisotropic diffusion is disrupted, which creates an 
interrupted image of the nerve bundle [7], [8], [9].

To quantify abnormalities, DTI includes three 
indicators that are used to evaluate the integrity of the 
conduction pathway, namely, the number of lines, the 
partial anisotropic index fractional anisotropy (FA), and 
the apparent diffusion coefficient (ADC) [10].

The partial FA, which varies from 0 to 1, is the 
most common index used to evaluate the integrity of 
the nerve conduction pathway on DTI: FA = 0 when the 
diffusion process is isotropic, that is, the water molecule 
diffuses randomly in different directions, such as the 
diffusion of water molecules in the cerebrospinal fluid; 
and FA = 1 when the diffusion is anisotropic, that is, 
the diffusion occurs only in one direction. FA increases 
when the density of the conduction pathway is thick, the 
axon is highly differentiated, the diameter of the axon 
is large, and the level of myelination in white matter is 
high. In turn, FA decreases when myelin or the axon is 
injured or interrupted [11].

https://oamjms.eu/index.php/mjms/index
https://orcid.org/0000-0002-0465-0399


� Lam et al. Evidence of Brain Plasticity on Diffused Tensor Imaging

Open Access Maced J Med Sci. 2022 Mar 21; 10(C):126-132.� 127

ADC is an index that is used to measure the 
diffusion amplitude of water molecules in the nerve 
tissues. ADC is low when the pathway in the white 
matter is tightly organized (intact) and high when the 
pathway loses its normal structure (damaged) [11]. In 
the assessment of the integrity of the neural structure, 
the values of FA and ADC tend to be contradictory [12].

Purulent meningitis is an infection caused by 
Neisseria meningitidis that often damages the brain 
and meninges. Without timely diagnosis and treatment, 
patients may die or experience severe sequelae, 
including mild paralysis, paralysis, epilepsy, and many 
irreversible brain damages. These sequelae cause 
disabilities, thus affecting the living and working capacity 
of many patients [13], [14], [15]. In the 1970s and 
1980s, purulent meningitis was an under detected but 
substantial burden among infants and young children 
in Vietnam [16], [17]. Brain damage after encephalitis 
causes functional defects in the areas in which it 
dominates. However, over time, the human brain makes 
structural and functional adjustments to adapt to and 
overcome some of these defects. This phenomenon 
is often referred to as “brain plasticity” [18], [19]. Brain 
plasticity refers to the extraordinary ability of the brain to 
modify its structure and function after changes occurring 
within the body or in the external environment. Brain 
plasticity takes place most strongly during childhood, 
with changes commonly observed during learning; 
however, that process continues throughout the life 
of the individual [20]. It can be observed at multiple 
scales, from microscopic changes in individual neurons 
to large-scale changes that can be observed using 
diagnostic imaging methods, such as functional MRI 
or DTI [20], [21]. Regarding patient care, research 
on brain plasticity provides a better definition of the 
patients’ functional state, better individual prognosis, 
improvement of treatment strategies, and progress in 
the understanding of how the nervous system acts in 
response to disease [22]. At present, studies related to 
brain plasticity using DTI are scarce.

This case report aimed to provide evidence 
of brain plasticity manifested on the corticospinal and 
thalamocortical tracts using DTI.

Case Report

The patient was a 36-year-old man. His mother 
had a complicated labor and forceps were used to deliver 
him. Seven days post-discharge from the maternity 
ward of a general hospital, the patient suffered from 
diarrhea and dehydration, which were accompanied 
by persistent high fever; he was hospitalized again 
and treated at the pediatric department for purulent 
meningitis. After nearly 3 months of hospitalization, the 
patient was discharged with sequelae of epilepsy. The 

lesion was located on the right temporo-occipital lobe 
so that he had difficulty moving his left hand, and his 
fingers were always folded. The first epileptic seizure 
occurred when he was 5 years old, with the expressions 
of slight twitching, foaming from the mouth, and 
occurring over a short period of about 40 s. His family 
sent him for re-examination and, based on his previous 
medical record, he was treated with an antiepileptic 
drug, Gardenal. Because the seizures appeared more 
regularly, he left school at the age of 10, before finishing 
the 5th grade. He sometimes felt the seizures in advance, 
and he usually sat down or shouted for help. When 
he grew up, the seizures became more regular, with 
longer duration and more severe expressions, including 
distorted mouth, twitching limbs, tight grip, rolling 
eyes, screaming, foaming from the mouth, and, finally, 
exhaustion with shortness of breath. He experienced 
hand and leg fractures, chin chipping, and tearing of the 
skin of the scalp several times.

He received treatment at the neurology 
department twice, in September 2003 and in April 2015. 
Because the seizures became frequent, the medical 
team at the hospital kept prescribing antiepileptic drugs. 
Recently, he visited our hospital and was assessed using 
hematology, biochemistry, electroencephalography 
(EEG), X-ray, MRI, and DTI analyses.

During the whole treatment, the physician 
changed his prescription 14 times, but the disease did 
not subside. The most recent episode before this study 
occurred in early April 2015, during which the patient 
had seizures every 1–2  min. He could hardly control 
himself and exhibited delirium speaking, blurred vision, 
and inability to determine the direction. His treating 
physician started treatment on April 13, 2015, with 
a request for re-examination after 10  days, but the 
patient was admitted to the emergency room at the 
Internal Medicine Department 3  days later. After the 
treatment period, at the time of the study (2016), he 
was temporarily stable and still taking medication as an 
outpatient.

DTI

A Philips Achieva 3.0 Tesla scanner 
(Netherlands) with a SENSE NV 16-channel coil was 
used in this study to acquire MRI and DTI data. The 
scan range covered an area from the skull base to the 
top of the skull, and sequences of T1W, T2W, FLAIR, 
and diffusion-weighted imaging (DWI) were used. The 
imaging parameters were as follows: Acquisition matrix, 
128 × 128; FOV, 230 × 230 mm2; TR, 10172 ms, 93 ms; 
EPI factor, b 0 and b 1000 s/mm2; and section thickness, 
2 mm (acquired isotropic voxel sized, 1.8 × 1.8 × 2 mm3).

Fiber tracking

DWI and DTI data were analyzed using 
the software installed in the Philips Extended MR 
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Workspace 2.6.3.1. A  2D color map of FA was 
constructed to seed region of interests (ROIs) 
according to known anatomy. Three sensory pathway’s 
ROIs were placed in the commissura cerebelli, the 
thalamus, and the posterior part of the capsula 
interna. Three motor pathway’s ROIs were placed in 
the precentral gyrus, the posterior limb of the internal 
capsule, and the pons [10].

The High Directional Resolution DTI software 
was employed to reconstruct 3D images of sensory 
thalamocortical and motor corticospinal tracts, which 
were used to analyze the morphology, number of lines, 
FA, and ADC.

Brain morphology and nerve bundles on 
MRI and DTI

In healthy subjects, the corticospinal and 
thalamocortical tracts of each hemisphere were 
adjacent to each other, but always separated; 
moreover, they were symmetrical on the right and left 
sides (Figure  1). The brain parenchyma was rather 
homogeneous.

Figure  1: Diffusion tensor imaging images of the thalamocortical 
(yellow and green) and corticospinal (red and pink) tracts of both 
brain hemispheres of a healthy adult. (a) Coronal view; (b) axial 
view from above; and (c) sagittal view, with the tracts superimposed 
with the brain parenchyma. (a-c) The motor and sensory bundles 
are arranged symmetrically between the two hemispheres and are 
separate on each side. This phenomenon can be observed in all 
healthy subjects analyzed (Vu Duy Lam, personal communication)

a b c

Conversely, at the right temporo-occipital 
region, we detected a star-shaped neurological scar 
containing cerebrospinal fluid (hyperintensive on T2W 
images and hypointensive on T1W and FLAIR images) 
very close to the occipital horn of the right ventricle; the 
scar had a wrinkled border, a size of 1.8 × 2.4 × 2.0 cm, 
and was seemingly pulled by the surrounding brain 
parenchyma (Figure 2).

The brain symmetry in the patient was lost, 
with atrophy observed in the right temporal lobe, 
hippocampus, and pons (Figure  3). The corticospinal 
and thalamocortical tracts were asymmetrical on the 
two sides (left and right), especially the left motor 
corticospinal tract, which originated posteriorly in the 
parietal cortex. The posterior half of the right sensory 
bundle was ruptured by the scar in the brain parenchyma 
at the right temporo-occipital area, whereas the right 

sensory bundle was much slimmer than that observed 
on the left side (Figures 4 and 5).

More specifically, in the left hemisphere of the 
patient, several strands of the left sensory tract became 
separated from the bundle and interspersed with lines 
of the left motor tracts, behind which it originated 
posteriorly in the parietal cortex (Figure  6). This was 
not observed on the right side.

Figure  3: Two fluid-attenuated inversion recovery axial images 
of the patient’s brain showing atrophy of the right temporal lobe, 
hippocampus, and pons (arrows)

Quantification of nerve lines, FA, and ADC

The number of lines, FA, and ADC on each 
side of the corticospinal and thalamocortical tracts of 
the patient are shown in Table 1.

Figure 2: Conventional magnetic resonance images of a 36-year-old 
male patient. T2W, T1W, fluid-attenuated inversion recovery (FLAIR) 
axial, and T2W coronal images showing a star-shaped neurological 
scar in the right temporo-occipital region, which contained fluid 
(hyperintensive on T2W images, hypointensive on T1W and FLAIR 
images), had wrinkled edges, and exhibited a size of 1.8 × 2.4 × 
2.0 cm; this scar was located very close to the occipital horn of the 
right ventricle

https://oamjms.eu/index.php/mjms/index


� Lam et al. Evidence of Brain Plasticity on Diffused Tensor Imaging

Open Access Maced J Med Sci. 2022 Mar 21; 10(C):126-132.� 129

There was a significant decrease in the number 
of nerve lines (both corticospinal and thalamocortical) on 
the right (injured) compared with the left (intact) side. For 
the corticospinal tracts, the FA and ADC values of the right 
corticospinal tract were comparable to those of the left 
side. For the thalamocortical tracts, FA was significantly 
smaller and ADC was significantly higher on the right side.

Figure 5: Diffusion tensor imaging images of the thalamocortical (blue 
and navy) and corticospinal (orange and red) tracts of both sides 
of the brain of the current patient. (a) Axial view from above; (b) 
thalamocortical tract on an axial view, superimposed with the brain 
parenchyma; and (c) corticospinal tracts on a sagittal view. (a-c) 
The corticospinal and thalamocortical tracts are asymmetrical on the 
two sides (left and right), especially the left motor corticospinal tract, 
which originated posteriorly in the parietal cortex

a b c

Discussion

Scarring

The location and function of the area of scarring 
explained the brain morphology and some of the clinical 
features of the patient. The lesion was located mainly in 
the subcortical white matter, near the posterior limb of 
the right internal capsule, where there were no neuronal 
bodies; they were mainly centripetal and centrifugal 
conduction tracts. The primary visual cortex (V1) in 
the nearby right occipital region was not damaged. 
Therefore, the clinical symptoms of the patient were 
reflected in sensory and corresponding motor functions, 
such as twitching of the left hand; however, there 
were no visual abnormalities. White matter damage 
occurring over a long period (36 years) had reduced the 

centripetal and centrifugal impulses, causing atrophy of 
the right temporal lobe, hippocampus, and pons.
Table 1: Number of lines, fractional anisotropy, and apparent 
diffusion coefficient of the corticospinal and thalamocortical 
tracts
Parameters Side Corticospinal tract Thalamocortical tract
Number of lines Left 399 155

Right 178 61
FA Left 0.479 ± 0.181 0.458 ± 0.171

Right 0.493 ± 0.202 0.428 ± 0.187
ADC Left 0.934 ± 0.440 0.885 ± 0.401

Right 0.896 ± 0.513 1.086 ± 0.615
ADC: Apparent diffusion coefficient, FA: Fractional anisotropy.

This atrophy of the right temporal lobe and 
hippocampus, associated with a parenchymal defect 
in the right temporo-occipital area, also explained the 
progression of the patient’s general seizures. He had 
typical symptoms of temporal seizures, as follows: 
Before the seizures, the patient had warning signs, 
then suddenly lost consciousness and experienced 
convulsions of the whole body, eye rolling, distorted 
mouth with foaming, and uncontrollable urination, which 
lasted for about 2–3  min. At the end of the episode, 
the patient breathed fast, then lays still and gradually 
regained consciousness. After the seizure, the patient did 
not remember what had happened during the episode. 
Sometimes, he exhibited psychomotor disorders. On 
the patient’s EEG, paroxysmal epilepsy waves were 
observed predominantly in the right temporal region [23].

On MRI, the scar was located at the right 
temporo-occipital parenchyma and had a size of 1.8 × 
2.4 × 2.0  cm; it had persisted for 36  years, from the 
age of 5  months until the patient was 36  years old, 
when this study was conducted. We hypothesized that, 
during his childhood, as the patient’s brain continued 
to grow and the brain and skull volume increased, the 
brain parenchyma was always pulled toward the nerve 
scar (fixed area), causing spontaneous and excessive 
discharge in the brain, thus increasing the frequency of 
the patient’s seizures as he aged.

Blended motor-sensory nerve bundles

On DTI images of the patient’s brain, the 
posterior half of the right sensory thalamocortical 

Figure 6: Diffusion tensor imaging images of the thalamocortical (blue 
and navy) and corticospinal (orange and red) tracts of both sides of 
the brain of the current patient on an oblique sagittal view. (a and b) 
The right motor (orange) and the sensory (blue) bundles are quite 
separate from each other, whereas the motor lines (red) on the left 
alternate between the sensory lines (navy) (arrows)

a bFigure 4: Diffusion tensor imaging of the thalamocortical tract of the 
patient. (a) Sagittal view, with the tracts superimposed with the brain 
parenchyma; (b) sagittal view without the brain parenchyma; and (c) 
coronal view. (a-c) The posterior half of the right sensory bundle was 
ruptured (arrows) by the scar in the brain tissue at the right temporo-
occipital area, and the right sensory bundle was much slimmer than 
that on the left side

a b c
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bundle was ruptured by a neurotic scar. Specifically, 
some fibers of the left sensory thalamocortical bundle 
(the opposite side of the lesion) were separated from 
the large bundle and intermingled with the fibers of 
the motor bundle of the same side, at the back. This 
phenomenon was not observed on the injured side 
of the patient’s brain (i.e., the right side) and was 
not detected in either of the two hemispheres in 
healthy subjects [24] (Lam, personal communication). 
In addition, the motor bundle on the left side 
originated posteriorly in the parietal cortex, causing a 
morphological imbalance of the two bundles between 
the two hemispheres [25].

On microscopic anatomy, the internal capsule 
consists of ascending sensory fibers and descending 
motor fibers. In the internal capsule of the two 
hemispheres, the motor and sensory bundles are 
located next to each other, but are separated from 
each other [26]. Originating from pyramid-shaped 
cells in the premotor cortex, primary motor cortex, and 
supplementary motor area in the precentral sulcus of 
the frontal lobe, the motor fibers travel down to the 
internal capsule in the corticospinal bundle and then 
continue downward and stop at the anterior horn of the 
opposite spinal cord. Although these motor and sensory 
bundles are adjacent to each other, their fibers should 
never intermix with each other [27].

To the best of our knowledge, this was the first 
observation of such blended nerve bundles on DTI; 
moreover, this change was thought to result from brain 
plasticity.

Nerve bundle conduction pathways

Table  2 compares the results of the 
quantification of nerve bundles, FA, and ADC of 
the patient with those of healthy subjects in studies 
conducted on the same platform at our hospital, 
including the corticospinal tract [24] and thalamocortical 
tract (Lam, personal communication).

Table  2: Number of lines, fractional anisotropy, and apparent 
diffusion coefficient of the patient and healthy subjects
Parameters Side Corticospinal tract Thalamocortical tract

Patient Healthy  
subjects

Patient Healthy 
subjects

Number of 
lines

Left 399 496.5 155 315
Right 178 498.9 61 400

FA Left 0.479 ± 0.181 0.512 ± 0.071 0.458 ± 0.171 0.479 ± 0.025
Right 0.493 ± 0.202 0.530 ± 0.090 0.428 ± 0.187 0.480 ± 0.024

ADC Left 0.934 ± 0.440 0.832 ± 0.101 0.885 ± 0.401 0.829 ± 0.055
Right 0.896 ± 0.513 0.840 ± 0.101 1.086 ± 0.615 0.817 ± 0.007

ADC: Apparent diffusion coefficient, FA: Fractional anisotropy.

There was an overall decrease in the number 
of lines and FA and an increase in ADC in the patient’s 
brain compared with the respective tract and side of 
healthy subjects. The change was more significant on 
the right side for each tract, and more significant on 
the thalamocortical (sensory) tract for each side. This 
overall change demonstrated the reverse effect of the 

lesion on general brain functionality and conduction 
pathways in the patient. Changes in each parameter 
either in the patient himself, between brain sides and 
types of tracts, or in comparison with healthy subjects 
were linked to the characteristics of the nerve scar and 
can be explained by the adaptation of the brain over 
time, that is, brain plasticity.

A significant decrease in the number of lines 
was observed in the right corticospinal (motor) and 
thalamocortical (sensory) tracts corresponding to the 
injured side compared with that detected on the intact 
(left) side. The decrease was more significant for the 
sensory lines because the posterior half of the right 
sensory bundle was damaged by the scar (Figure 4).

The location of the scar explained the changes 
in FA and ADC observed between sides and tracts. 
As FA reflects the degree of myelination and ADC 
reflects the level of intact tissue, scarring or changes in 
tissues result in lower FA or higher ADC values. In the 
present case, the scar was located on the right occipital 
lobe; thus, its impact was more significant on the 
corresponding right thalamocortical tract. The FA value 
of the right and left corticospinal tracts was similar, 
whereas the FA value of the right thalamocortical tract 
was smaller than that of the left. Similarly, the ADC 
value of the right thalamocortical tract was the highest 
because of the loss of the normal structure of the nerve 
conduction pathway and the maximum amplitude of 
fluctuation of the water molecules in the fibers of the 
sensory bundle.

In normal humans, the FA index of the motor 
and sensory bundles between the two hemispheres is 
different because of the different degrees of myelination 
between the right and left sides. Moreover, this index 
also varies according to age, gender, and characteristics 
of the individual [28]. Therefore, we recommend 
using the comparison as a guide, but avoid statistical 
comparisons.

Clinical presentation

All of the morphological and tractographical 
changes mentioned above were responsible for the 
severe clinical symptoms observed in the patient. 
Injury in the brain, which occurred on the pathway 
of the conduction bundle and persisted for a long 
time, caused profound changes in many areas of the 
brain, making it difficult to explain all the associations 
between morphological changes and clinical 
symptoms.

To adapt to the aforementioned structural 
and functional defects, over time, the patient’s brain 
made adjustment between the right and left sides, as 
manifested in the observed changes in the motor and 
sensory pathways: On the opposite side of the injury, 
the motor fibers interfered with the sensory fibers, 
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and the motor bundle strongly bent posteriorly. These 
manifestations are called brain plasticity and are not 
detected in healthy individuals.

Conventional brain MRI and DTI in this patient 
not only contributed to the diagnosis and quantification 
of the lesions but also helped neurosurgeons to 
plan treatment, primarily based on the images of the 
important nerve conduction pathways in the brain, such 
as the motor and sensory pathways. Surgeons use this 
type of information to determine the surgical entrance, 
remove the nerve scar and the pulling parenchyma, and 
leave a neat structure, without compromising further the 
important conduction pathways [8], [9]. This provided 
the potential for effective treatment of the temporal 
seizures in the patient.

This study was preliminary, as it was based 
on the actual observations made in one patient with 
brain parenchymal injury secondary to encephalitis. To 
identify other manifestations of brain plasticity on MRI, 
additional patients with other types of illness and long-
term monitoring are required, to observe the changes 
in brain structure and function over time under the 
influence of changes occurring inside and outside the 
body.

Conclusion

We described the significant changes 
in morphology and tractography that occurred in 
the brain of a patient with 36-year sequelae from 
encephalitis. His brain damage secondary to 
encephalitis resulted in the development of a scar on 
the right temporo-occipital region, which altered the 
structure of the right and left conduction pathways. 
These changes are thought to be attributable to brain 
plasticity, which compensated for the sensory and 
motor deficiencies in the right hemisphere. DTI with 
3D image reconstruction is a non-invasive imaging 
technique that allows the detection of brain plasticity 
in the corticospinal and thalamocortical tracts in the 
human brain and can be used to inform diagnosis and 
plan treatment strategies.
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