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ABSTRACT Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease involving upper and lower
motoneurons selectively. The injury of lower motoneurons is closely related to the onset, progression and
prognosis of ALS. Therefore, the assessment of the injury of lower motoneurons is of great significance
to ALS. Diffusion tensor imaging (DTI) is a new imaging method improved and developed on the basis of
diffusion weighted imaging. It uses the anisotropic principle of diffusion movement of water molecules to
quantify it frommultiple directions, so as to reflect the changes of fine structure and function of living tissues.
It can be more objective to find the damage of the upper motor neurons, help the early diagnosis of ALS,
and objectively monitor and evaluate the development and treatment of ALS. In this paper, the research and
application of different parameters of diffusion tensor imaging to evaluate the motor neuron injury in ALS
were studied. Patients with motor neuron injury in ALS were collected as case group and healthy volunteers
as control group. The diagnostic value of different parameters of axial DTI in ALS was discussed. The FA
and MD values of the pyramidal tract in ALS patients have obvious changes compared with those in healthy
people. It can objectively and quantitatively evaluate the pathological changes of the pyramidal tract in ALS
patients, and provide valuable information for the diagnosis of ALS. The FA value is more sensitive, and the
posterior limb of the internal capsule may be the best place to evaluate the damage of the pyramidal tract.
In a word, DTI can objectively and quantitatively evaluate the lesions of pyramidal tract, provide valuable
information for the diagnosis of ALS, and hope to provide help for the establishment, diagnosis, evaluation,
prognosis, scientific research and drug test of ALS motor nerve injury.

INDEX TERMS Diffusion tensor imaging (DTI), amyotrophic lateral sclerosis (ALS), motor neuron injury
(MN), evaluation parameters.

I. INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is one of the most com-
mon motor neuron diseases in adults, which is more com-
mon than middle age [1], [2]. It selectively involves upper
and lower motor neurons. The cause of ALS involves many
factors such as heredity, immunity, nutritional disorders, trace
elements, poisoning and so on, but the pathogenesis is not
fully clear at present [3]–[5]. The damage of uppermotor neu-
ron (UMN) usually starts from the cortex of motor area and
premotor area, followed by the degeneration of motor fibers
in pyramidal tract and the proliferation of neuroglia [6]–[8].
The damage of lower motor neuron (LMN) mostly involves
brain stem and spinal cord anterior horn cells. There are
complex interactions between UMN and LMN in ALS. LMN
damage is an important pathophysiological process in ALS.
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LMN damage is closely related to the severity and progress
of ALS. The evaluation of LMN damage can help diagnosis,
clinical classification, prognosis, and evaluate the efficacy
of drug trials, which is of great significance to clinical and
scientific research [9]–[12]. It was found that early diagnosis
of ALS and prevention of glutamate excitotoxicity damage to
neurons by exerting too much force are of great significance
for prolonging the survival period of patients in the early
and middle stages of the disease. At the same time, due to
the poor prognosis of the disease, the average life span after
symptoms is about 2-5 years, and other treatable diseases
need to be excluded, so it is urgent to make a diagnosis in the
early stage of the disease [13]–[15]. At present, the patho-
logical changes of lower motor neurons can be judged by
objective indexes such as electromyography, nerve and mus-
cle biopsy, while the pathological changes of upper motor
neurons depend on clinical examination, but the signs of
upper motor neurons found in clinical examination are more
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scattered, or accompanied by serious damage of lower motor
neurons [16]–[18]. The subjective influence of the examinee
is great, and it is often difficult to determine whether there
is upper motor neuron involvement. Therefore, in the current
clinical practice, it is urgent to objectively evaluate the sensi-
tive technology of uppermotor neuron damage in this disease.

Diffusion tensor imaging (DTI) is a new imaging method
based on diffusion weighted imaging (DWI), which is mainly
used to observe the movement of water molecules in tissues.
Under the physiological condition of human body, the diffu-
sion movement of water molecules in all directions of three-
dimensional space is not only affected by the characteristics
of cell itself, but also by various barriers such as axon myelin,
the interaction between water molecules and protein macro-
molecules, and the state of basement membrane [19], [20].
As a result, the diffusion coefficient of water molecules
in some directions is easier than that in other directions.
For example, in myelinated nerve fibers, the diffusion coef-
ficient of water molecules in the direction parallel to the
fiber bundle is usually greater than that perpendicular to the
fiber bundle. This kind of diffusion with strong direction
dependence is called diffusion anisotropy, which is the key
of DTI imaging. The size and direction of water diffusion,
the biochemical characteristics of tissues and the structure of
tissues can fundamentally affect the diffusion ability of water.
Therefore, DTI can evaluate the pathophysiological changes
of the central nervous system, and it is a real quantitative
method to display the microscopic physical characteristics of
tissues [21]–[23].

In the brain of ALS patients, there may be some changes
in microenvironment, such as cell structure instability, mem-
brane destruction caused by demyelination and Wallerian
degeneration of axon, extracellular space enlargement caused
by reactive proliferation of glial cells, changes in ionic
environment, blood flow block secondary to changes in cell
structure and function, and axonal flow decline. All of these
can reduce the ability of brain tissue to limit the diffusion
of water molecules, increase the diffusion ability of water
molecules and change the diffusion anisotropy, which can be
directly displayed in. In recent years, some related researches
have been carried out on the role of DTI in the discovery of the
damage of upper motor neurons in ALS, but these researches
mostly analyze the DTI parameters in isolation. The over-
all experimental flow is shown in Figure 1. Transcranial
magnetic stimulation (TMS) motor evoked potential (MEP),
which can evaluate the function of central and peripheral
motor pathways, may be helpful to find the dysfunction of
upper motor neurons in ALS, and combine it with DTI for
research. In this study, we will combine it to explore the
significance of evaluating the injury of motor neurons in
ALS prospectively.

II. EVALUATION OF MOTOR NEURON DAMAGE IN ALS
BY DIFFUSION TENSOR IMAGING
Electromyography can sensitively detect the damage of lower
motor neurons in ALS patients. However, up to now, there is

no accepted objective index to evaluate the damage of motor
neurons, or pyramidal tract, on ALS. With the development
of neuroimaging technology, more and more attention has
been paid to the role of diffusion tensor imaging (DTI) in
the evaluation of pyramidal tract injury in ALS patients. The
purpose of this study is to explore the value of DTI in the
diagnosis of ALS.

A. ORIGIN AND TRANSMISSION OF AMYOTROPHIC
LATERAL SCLEROSIS (ALS)
1) PATHOLOGY OF ALS
The main pathological changes of ALS were degeneration
of spinal cord anterior horn cells, brain stem motor nucleus
cells, motor cortex cells and pyramidal tract. In addition, parts
outside the motor system are also affected to varying degrees.
Microscopically, the pyramidal cells in the fifth layer of the
motor cortex decreased, accompanied by active gliosis, and
the remaining Betz cells shrank and dendritic degeneration.
Degeneration of pyramidal tract leads to pallor of myelin
sheath, especially in the posterior limb of internal capsule
[24], [25]. The prevalence of ALS was global, and the preva-
lence rate was 4-6 / 100 thousand. The annual incidence rate
was 0. 4 - 1. 7 6million, and themortality rate was 2/100 thou-
sand. In China, most of ALS are sporadic, only 5% - 10%
of ALS are familial. There is no difference between them
in clinical manifestations. There are many theories about the
etiology and mechanism of ALS, but they are not completely
clear. There are genetic mechanism, excitatory amino acid
toxicity mechanism, mitochondrial dysfunction mechanism,
signal pathway neurotrophic factor defect mechanism, virus
infection, environmental factors and so on [26]–[28]. As a
result, motor neuron necrosis secondary axon and myelin
destruction, glial cell proliferation and denervated muscular
atrophy.

Whether ALS originated from uppermotor neuron or lower
motor neuron is still controversial. In the neuron neuron
hypothesis, there has been a debate about the two ways of
progression: the paraaxonal damage and the reverse axonal
damage. The former holds that ALS first appears the involve-
ment of the upper motor neurons, which propagates along the
axons of the pyramidal cells of the cortex to the anterior horn
cells of the spinal cord. The latter thought that ALS had lower
motor neuron dysfunction in the early stage. This functional
change may start from the distal end of peripheral nerve
(presynaptic nerve endings, neuromuscular joints or distal
axons), and gradually progress to the proximal end [29], [30].
The longest and largest motor axons were first affected. Later,
more axons were involved in the proximal part, which may
be related to the distal metabolic changes of motor nerve
and the decrease of axoplasmic transport. The hypothesis of
reverse axon damage can well explain why the distal part of
ALS patients, such as hand or foot muscles, is often involved
first, but it can not explain the onset of bulbar disease or the
early involvement of paravertebral muscles innervated by the
same segment of distal muscles [31], [32]. Another cell-cell
hypothesis holds that ALS originates from the upper and
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FIGURE 1. Overall experimental process.

lower motor neurons in the same site, and propagates along
different anatomical structures, i.e. the upper motor neurons
move to the adjacent motor cortex cells, and the lower motor
neurons move to the adjacent spinal cord anterior horn cells.
In the spinal cord, the anterior horn cells innervating the
distal muscles are located on the lateral side of cervical and
lumbar enlargement, and the anterior horn cells innervating
the proximal or axial muscles are located on the medial side.
It is believed that this arrangement may be related to the mode
of disease transmission.

2) MOTOR NEURON INJURY IN ALS
The main pathological change of lower limb motor neuron
(LMN) injury in ALS is the degeneration and loss of spinal
cord anterior horn cells, as shown in Figure 2. Recently,
a large number of research reports have proposed that the
degeneration of anterior horn cells is caused by the hyperac-
tivity of early cortical motor neurons. Because the hyperpo-
larization of LMN is regulated by the descending conduction
input of cortex, the long-term and high-frequency cortical
excitatory release leads to the hyperpolarization of LMN,
which leads to nerve injury [33], [34]. In ALS patients,
the common phenomenon of hand splitting is selective hand
muscle damage. The abductor pollicis brevis and the first
interosseous muscle are more affected than abductor digiti
minimi, which supports the theory of cortical excitability.
Transcranial magnetic stimulation showed that the involve-
ment of corticospinal tract in ALS was more serious than that

in ALS, and the abnormalmotor function of supporting cortex
participated in the phenomenon of splitting hands. The toxic
effect of excitatory amino acids is related to the vulnerabil-
ity of LMN. The dysfunction of ion channels expressed by
motoneurons, especially ligand gated excitatory amino acid
ion channels, may increase the toxicity of excitatory amino
acids and cause nerve damage [35], [36]. The animal model
found that in the early stage of ALS disease, before the loss
of anterior horn cells in the spinal cord, synapses, neuromus-
cular joints and distal axons had begun to show functional
abnormalities. At this time, the number of motoneurons in the
anterior horn of the spinal cord did not decrease significantly,
suggesting that the pathological changes of LMN may start
from the far end and gradually develop to the near end,
leading to degeneration and loss of the anterior horn cells
[37], [38]. In addition, the LMN damage of ALS also showed
synaptic specificity, and the fast and fatigue synapses were
more likely to be involved in the early stage, suggesting that
synaptic specificity is related to the early damage of LMN.

3) APPLICATION OF VARIOUS IMAGE TECHNOLOGIES IN
ALS
ALS is a progressive neurodegenerative disease in which
both upper and lower motor neurons are involved. Objective
indexes such as electromyography and neuromuscular biopsy
were used to confirm LMN damage in E1 Escorial standard
of ALS diagnosis formulated by world neurology Union,
especially the former, which is easy to operate and widely
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FIGURE 2. ALS motor neurologist.

used in clinic. Although the application of electromyography
is of great value in the diagnosis of ALS, the early mis-
diagnosis rate of ALS is still very high in clinic, which is
mainly due to the lack of objective means to evaluate UMN
damage; the main method to evaluate UMN damage is the
physical examination of nervous system, especially in the
early stage of the disease or when LMN damage is the main
sign [39], [40]. Therefore, it is necessary to find an objective
and quantitative method to evaluate UMN damage.

Many imaging techniques have been used for ALS evalua-
tion, such as conventional MR imaging, magnetization trans-
fer technology, MR spectroscopy, single photon emission
computed tomography, positron emission computed tomog-
raphy, etc. The conventional MR manifestations of ALS
include: low signal band along the gyrus of the anterior cen-
tral gyrus, which is believed to be related to iron deposition;
high signal on T2WI due to pyramidal tract degeneration;
atrophy of the anterior central gyrus and expansion of the cen-
tral sulcus due to the decrease of cortical motoneurons [41].
It is worth noting that the high signal of the posterior limb
of the internal capsule can also appear in the normal people,
and only when it is higher than the cortical signal can it have
diagnostic value. Some scholars recommend that patients
with suspected ALS should be routinely scanned with proton
density weighted imaging sequence. If high signal is found
in the posterior limb of the internal capsule, it can reliably
indicate pyramidal tract degeneration. OnMR T2 and FLAIR
images, it is sometimes found that the more extensive areas
of the pyramidal tract (including the subcortical white matter

of the anterior central gyrus) show high signal intensity [42],
[43]. Prospective studies have shown that flair is more likely
to show high signal in the area of pyramidal tract outside the
posterior limb of the internal capsule than other sequences,
but in some normal people, flair also shows high signal in
the area of pyramidal tract, so the interpretation of the results
should be carefully combined with clinical judgment. This
group of data shows that the course of disease in patients with
T2WI high signal is relatively short (average 8.5 months).
Whether there is an internal relationship between the univer-
sality of the abnormal signal range and the course of disease
remains to be further studied.

Although there are many reports about Mr application
in ALS, the expression in El Escorial diagnostic standard
is ‘‘there is no neuroimaging test that can determine the
diagnosis of ALS’’, that is to say, neuroimaging test is only
used to exclude the possibility of other diagnosis. However,
the research of imaging, especially the development of MR-
DTI, provides a new way to evaluate the function of pyrami-
dal tract in ALS patients.

B. CORRELATION BETWEEN DIFFUSION TENSOR
IMAGING (DTI) AND CLINICAL INDEXES
1) APPLICATION VALUE OF DTI IN ALS
DTI is a new technology developed on the basis of diffu-
sion weighted imaging, as shown in Figure 3. It provides an
objective quantitative method to show the strength and direc-
tion of water dispersion in three-dimensional space. Diffusion
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FIGURE 3. DTI schematic diagram.

tensor imaging (DTI) is a new technology improved and
developed by using diffusion weighted imaging technology.
DTI is not a plane process. It decomposes the signal data of
dispersion anisotropy in three-dimensional perspective, so as
to make the microstructure display more precisely. Diffusion
needs to be displayed by tensor, and scanning uses multiple
gradient field directions, now it uses 6-55 directions. Under
the physiological condition of human body, due to the influ-
ence of cell characteristics and various barriers such as axonal
myelin sheath, the diffusion of water molecules in some
directions is easier than that in other directions [44]–[46].
This kind of diffusion with strong direction dependence is
called diffusion anisotropy, which is the key of DTI imag-
ing. DTI is a non-invasive imaging method, which uses the
diffusion movement of water molecules and applies diffusion
sensitive gradient pulse to reflect the diffusion changes of
water molecules in three-dimensional and multi-directional
space. FA is the most commonly used parameter for quan-
titative analysis of anisotropy. Its range is 0-1. 0 repre-
sents the maximum isotropic diffusion (such as cerebrospinal
fluid), and 1 represents the maximum anisotropic diffusion.
ADC is used to reflect the diffusion speed and range of
water molecules. When the axons or (and) myelin sheath
of the white matter tract are involved in various lesions,
the FA value of the involved area will be reduced to some
extent, while the ADC value will be increased to some
extent [47], [48].

In the data of this group, at the level of the posterior
limb of the internal capsule, the FA value of ALS group
was significantly lower than that of the control group; the
ADC value was significantly higher than that of the control
group, but there was no significant decrease in FA value. The
posterior 3 / 4 of the posterior limb of the internal capsule is

the place where the fibers are dense under the pyramidal tract.
In the normal human body, the water molecules have high
anisotropy. It has been confirmed from themicro level that the
integrity of axon cell membrane is the most important factor
affecting the diffusion anisotropy in nerve tissue; secondly,
the integrity of myelin sheath is also one of the factors affect-
ing the anisotropy. The decrease of FA value in the posterior
limb of the internal capsule reflects the destruction of the
barrier restricting the free movement of water molecules in
this area, which is consistent with the ‘‘axonal degeneration
and pallor of myelin sheath’’ observed by pathology. The
increase of ADC value can only be observed after the destruc-
tion of cell membrane integrity and the enlargement of extra-
cellular space, which can be explained by the pathological
changes of UMN. The degeneration and deletion of axons
lead to the expansion of extracellular space, thus increasing
the diffusivity, while the accompanying glial proliferation
will reduce the diffusivity; the axonal degeneration leads to
the expansion of extracellular space filled by proliferating
glial, maintaining the cell density of ALS pyramidal tract,
which may be the reason that there is no significant change in
ADC value of ALS group. Therefore, FA value is a sensitive
index to evaluate the lesions of pyramidal tract.

The main pathological changes of ALS were degeneration
of spinal cord anterior horn cells, brain stem motor nucleus
cells, motor cortex cells and pyramidal tract.

There were no significant changes in FA and ADC values
in the subcortical white matter of the anterior central gyrus,
the center of the semicircular circle and the periventricular
white matter in ALS group, but p values were smaller than
those in the non pyramidal tract. Among them, in the subcor-
tical white matter of anterior central gyrus, the FA value of
ALS group decreased; in the subcortical white matter of ante-
rior central gyrus and periventricular white matter, the ADC
value increased. Although pathological studies show that the
white matter fibers of pyramidal tract above the level of the
posterior limb of the internal capsule are relatively not easy
to be involved, the pathological changes after the involve-
ment are the same (axonal degeneration, demyelination, glial
hyperplasia) [49], [50]. However, because the white matter
in subcortical area is not closely arranged with the posterior
limb of the internal capsule, and the anisotropy of the former
is not as high as the posterior limb of the internal capsule,
the FA and ADC values caused by UMN damage are not
significantly different from those of the posterior limb of the
internal capsule.

2) DIFFUSION TENSOR IMAGING PARAMETERS
There are two kinds of quantization parameters in DTI. The
first type is the average dispersion rate, which refers to the
average dispersion intensity in all directions of a single ele-
ment, independent of the dispersion direction [51], [52]. The
commonly used parameter is the average diffusion coeffi-
cient (ADC), which represents the diffusion range of water
molecules in unit time. It reflects the diffusion capacity of
water molecules W. the larger the ADC value is, the stronger
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the diffusion energy of water molecules is. The second is
the anisotropy index, which reflects the direction of water
dispersion. There are many parameters for quantitative anal-
ysis of anisotropy, such as anisotropic fraction (FA), rela-
tive anisotropy (RA), volume ratio index (VR), etc., UFA
is the most commonly used. FA refers to the proportion
of anisotropic components of water molecules in a single
element to the total dispersion tensor. The value is between
0 and 1. 0 represents the maximum isotropic dispersion (such
as pure water), and 1 represents themaximum anisotropic dis-
persion under the assumption. The larger the FA, the stronger
the anisotropic dispersion of water molecules, indicating that
the degree of myelination is high, the fiber consistency is
high, the number of axons is large and the arrangement is
close; the lower the FA, the stronger the isotropic dispersion
of water molecules, reflecting axonal and / or myelin devel-
opment disorders, axonal fibrosis and myelin decomposition.
By measuring the DTI parameters above, we can evaluate the
white matter fiber bundle quantitatively and judge the extent
and scope of white matter fiber bundle damage caused by
various diseases [53].

As a new MRI method, DTI has been used in the study
of brain tumors, congenital brain development, and leukoen-
cephalopathy. At present, the research of DTI mainly adopts
the method of setting ROI (region of interest ). What is DTI?
It refers to selecting a region from the image, and sending a
region is the focus of image analysis. When r0i is set in FA
image and ADC image respectively, FA value and ADC value
corresponding to the target area can be displayed. In the DTI
study of ALS, the setting of r0i is mainly concentrated in the
cone bundle walking area. The researchers believe that the
change of DTI image in patients with chemical s is the result
of the individual difference of the anatomical structure of the
fiber bundle and / or the pathological change of ALS. The
decrease of FA value and the increase of ADC value indicate
the absence of structural disorder restricting the movement
of water molecules, which is related to the degeneration of
neurons and the loss of myelin sheath.

In recent years, with the in-depth study of ALS, it has been
recognized that HS is a kind of multiple system degenerative
disease mainly affected by motor system. Researchers have
extended the research site of DTI to extrapyramidal tract.
Some studies have shown that the FA value of other white
matter fiber bundles, such as pride vein body and Hao Chen,
is also reduced to some extent in the myelin sheath. In the
diagnosis of ALS, DTI is not specific. Any disease that affects
axon, myelin sheath, neuroglia and other structural changes
in brain tissue can lead to the decrease of FA value and the
increase of ADC value. At present, DTI technology is not
mature, and no uniform parameter value has been formed
to determine whether the UN m is damaged. In different
ALS patients, although the age, course, ALSFRS, disease
progression speed and diagnosis certainty are different, ADC
changes are not obvious, so ADC values and the above indica-
tors do not show significant correlation. ALSFRS is an inter-
national standard to evaluate the severity of ALS patients.

The lower the score is, the more serious the impairment of
motor neuron function is. FA value is the most commonly
used parameter for quantitative analysis of anisotropy. The
degeneration of axon changes the anisotropic diffusion of
water molecules along the direction parallel to the nerve fiber
dimension, and FA value decreases. Although axonal degen-
eration is accompanied by glial hyperplasia, this pathological
change can not repair axonal damage, that is, anisotropic
diffusion can not return to the pre pathological state, FA value
is still reduced, and ADC value may not change significantly
at this time. Therefore, it can be concluded that FA value is a
sensitive quantitative index to evaluate ALS patients in vivo.

III. DATA AND METHODS
A. RESEARCH OBJECT
From August 2014 to December 2019, 14 patients (case
group) with ALS diagnosed in our hospital were collected,
6 males and 8 females, aged 40-70 years, with a median
age of 59.5 years. The course of disease was 5-24 months,
the median course was 12 months; 8 cases were from limb
weakness, 6 cases were from drinking water and choking
cough, dysphagia; 12 cases showed obvious muscle atro-
phy. All patients met the diagnostic criteria of El Escorial.
Another 11 normal adults were selected as the control group,
5 males and 6 females, aged 48-72 years, with a median
age of 54 years, which matched the age and gender of the
case group (P > 0.05). There was no history of taking drugs
affecting the nervous system in the near future. The patients
with weak strength, amyotrophy, fascicular tremor or bul-
bar palsy, hyperreflexive clonus and positive pathological
reflexes were found in clinical manifestations. There was no
previous history of sensory motor polyneuropathy, median
neuropathy, abnormal albuminemia, malignant tumor, carpal
tunnel syndrome, autoimmune disease, hyperthyroidism, dia-
betes, hypertension, cerebrovascular disease, and no elec-
tromyography of active drugs in contact with nervous system
showed motor neuron damage in medulla oblongata, neck,
chest and ilium segments in different regions. There was no
abnormal CSF in some patients without block. All subjects
were examined by DTI sequence.

B. INSTRUMENTS AND METHODS
The patients who were included in the trial according to
the above criteria were scored for clinical function. After
informed consent, all the subjects underwent brain scan,
transcranial magnetic stimulation, motor evoked potential,
examination and evaluation of the relevant parameters. The
diagnosticians were not aware of the clinical conditions of
the subjects.

1) Clinical function score:¬ALS function score, 40 points
in total, the lower the score, the more serious the neurological
impairment; ­ disease progression rate: calculated according
to formula (40-als function score) / course of disease;® pyra-
midal tract score: according to the range of pyramidal tract in
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FIGURE 4. Diffusion tensor imaging of axial scan of patients’ head. (a:
Subcortical white matter of anterior central gyrus, b: semicircular center,
c: periventricular white matter, d: knee and pressure of corpus callosum,
e: thalamus, f: posterior limb of internal capsule, g: cerebral foot, h: pons).

medulla oblongata and limbs, 1 point will be scored for each
part or multiple parts, 5 points in total.

2) DTI and evaluation method: GE1.5T double gradient
superconducting MRI system was used. Conventional MRI
includes transverse flair t1w1, DW-EPI, 13 diffusion sensitive
gradient directions, 2nex and scanning time of 3 minutes and
50 seconds. The above inspection adopts the same layer with
thickness of 6mm and interval of 1.6mm.

The DTI images were analyzed and processed with func-
tool 2.0 software of AW4.0 workstation, and the average
diffusion coefficient and partial anisotropy graphs were con-
structed. 8 regions of interest (ROI) with an area of 20-
30mm2 were selected to measure the FA and MD (mean dif-
fusivity) values of bilateral ROI. The DTI image processing
results of the experimental group and the control group are
shown in Figure 4 respectively.

C. IMAGE PROCESSING AND DATA ANALYSIS
After collecting the original data, it is transmitted to aw4.2
workstation for post-processing. Using functool image pro-
cessing software, EPI correction was carried out first to
determine the reconstruction range, and then the fractional
anisotropy (FA), relative anisotropy (RA) and anisotropy
index (AI) parameter maps were constructed and measured

FIGURE 5. Image processing and data analysis.

by computer automatically, as shown in Figure 5. For the
case group and the control group, refer to the DTI color
coding map, and set ROI respectively in bilateral anterior
central gyrus cortex, posterior central gyrus cortex, anterior
central gyrus cortex white matter, posterior central central
cortex white matter, semicircular center, radial crown, lateral
ventricular white matter, knee of corpus callosum, pressure
of corpus callosum, posterior limb of internal capsule, foot
of midbrain, pons and medulla oblongata cone. The area is
20-25mm2. Measure the FA value, Ra value and AI value
of 26 ROI. Measure each parameter three times, and take the
average value.

D. STATISTICAL ANALYSIS
Using SPSS18.0 statistical software, the measurement data
are expressed in x±s test was used for the comparison of
count data. If there is no significant difference in FA value, Ra
value and AI value between the left and right sides of ROI in
the same group, the left and right side data will be combined
and then statistical analysis will be performed. The data of
each group were tested for normality and homogeneity of
variance, and the data accorded with normality; when the data
variance was homogeneous, two independent sample t-tests
were used to compare the two groups, and when the variance
was uneven, t ’tests were used. P < 0.05 was statistically
significant.
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FIGURE 6. Comparison of MD values between case group and control
group.

FIGURE 7. Comparison of FA values of each ROI in the walking area of
the vertebral tract between the case group and the control group. (1:
Anterior central gyrus cortex, 2: subcortical white matter of anterior
central gyrus, 3: semioval center, 4: periventricular white matter, 5:
posterior limb of internal capsule, 6: cerebral foot, 7: thalamus).

IV. EXPERIMENTAL RESULTS AND DISCUSSION
A. ANALYSIS OF EXPERIMENTAL RESULTS
Diffusion tensor refers to the anisotropic diffusion of water
molecules, or the diffusion characteristics of inhomogeneous
tissues. In DTI imaging, the key factor determining dif-
fusion tensor is to apply diffusion gradient in at least six
non collinear directions, and obtain a diffusion weighted
image in each gradient direction, so as to obtain a group
of diffusion weighted images. FA is the most commonly
used parameter for quantitative analysis of anisotropy, which
represents the anisotropy of tissue fibers and the ratio of
diffusion anisotropy to the whole diffusion. The range of FA
is 0-1,0 represents the diffusion of the maximum isotropic
percussion, and 1 represents the diffusion of the maximum
anisotropy. MD is used to reflect the range of free diffusion
of water molecules in a unit time, and to evaluate the limited
degree of water molecules movement. The increase of MD
means the limited degree is small, and the decrease of MD
means the limited degree is large.When the axons andmyelin
sheath of thewhitematter tract are involved in various lesions,
the ( fractional anisotropy ) FA value of the involved area
will be reduced to some extent, while the MD value will be
increased to some extent, as shown in Figure 6 and Figure 7.

Compared with the control group, FA value of subcortical
white matter of anterior central gyrus in group A and B
decreased,MD value increased, FA value of cortex of anterior

FIGURE 8. FA and MD values of each region of interest in groups a, B and
control. (1: Anterior central gyrus cortex, 2: subcortical white matter of
anterior central gyrus, 3: semioval center, 4: periventricular white matter,
5: posterior limb of internal capsule, 6: cerebral foot, 7: thalamus).

FIGURE 9. Comparison of the change range of different parameters
between case group and control group.

central gyrus, semicircular center, white matter around lateral
ventricle, posterior limb of internal capsule, cerebral foot,
medulla oblongata and thalamus decreased, and the change
trend is shown in Table 1 and Figure 8.

1) COMPARISON OF FA, RA AND AI VALUES OF ROI
BETWEEN TWO GROUPS
Compared with the control group, the FA, RA and AI values
of all ROI in the case group were decreased (P < 0.01), and
the FA values of the central posterior cortex were decreased,
as shown in Table 2.

2) COMPARISON OF THE CHANGE RANGE OF DIFFERENT
INDICATORS IN EACH ROI
Select the indicators with differences between the ROI of the
case group and the control group, and compare the differences
between the mean value of the case group and the mean value
of the control group, as shown in Table 3 and Figure 9. In the
case group, the value of ROI and FA decreased by more than
30% in 4 cases, by more than 30% in 8 cases, and by more
than 30% in 12 cases. The change range of each index in the
crown was more obvious.

3) SENSITIVITY COMPARISON OF INDICATORS WITH
DIFFERENCES IN EACH ROI
When the FA, RA and AI values of the case group are
lower than the lower limit of 95% confidence interval of the
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TABLE 1. FA and MD values of each region of interest in groups a, B and
control.

control group, they are regarded as abnormal values, and the
sensitivity of each index is compared, as shown in Table 4 and
Figure 10. The sensitivity of FA and RA was more than 80%

TABLE 2. Comparison of DTI parameters of different ROI between case
group and control group.

TABLE 3. Comparison of the change range of different parameters
between case group and control group (%).

in 10 ROIs, more than 80% in 8 ROIs, and 100% in the center
of semioval, the corona radiata, and the parawhite matter of
lateral ventricle.

4) COMPARISON OF THE DIFFERENCES OF INDICATORS IN
EACH ROI
The specificity of each index ranged from 55.00% to
76.19%, as shown in Table 5 and Figure 11. Among them,
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FIGURE 10. Sensitivity comparison of different ROI and different indexes.

TABLE 4. Sensitivity comparison of different ROI and different indexes
(%).

the specificity of each index was more than 60% in the
cortex of anterior central gyrus, cortex of posterior central
gyrus, posterior limb of internal capsule, pons and medullary
pyramids.

B. DISCUSSION
In the process of diagnosis of ALS, neuroimaging is mainly
used to exclude the diagnosis of ALS. However, the abnor-
malities of ALS patients on MRI may also reflect the patho-
logical changes of upper motor neurons. There are many
kinds of DTI parameters, in which FA value is the ratio of
anisotropic part to the whole diffusion, reflecting the integrity
of microstructure. Ra value is the ratio of anisotropic part to
isotropic part, which is linearly related to the anisotropy of
water molecules; AI value = 1-volume ratio, which reflects
the diffusion speed of water molecules in different direc-
tions, and decreases with the decrease of anisotropy. Different

FIGURE 11. Comparison of the specificity of different ROI and different
indexes.

TABLE 5. Comparison of the specificity of different ROI and different
indexes (%).

parameters have different sensitivity and specificity for dif-
ferent disease diagnosis, but the optimal parameter selection
for each scanning process has not yet reached a unified
understanding. DTI is one of the valuable methods to evaluate
the lesions of pyramidal tract in vitro and noninvasively. Our
study shows that the changes of FA and DAC in the posterior
limb of the internal capsule in ALS patients are significant
and stable, the former is more sensitive; these information are
of great significance for the diagnosis of a ratio and the further
understanding of the disease. However, as a newmethod, DTI
still needs deep research to obtain evidence-based medicine.
There are abundant case resources in China. Compared with
foreign countries, it is more convenient to carry out large-
scale research in the future.

DTI is a new technology developed on the basis of DWI,
which provides an objective quantitative method to show the
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strength and direction of water diffusion in three-dimensional
space. Under the physiological condition of human body,
the diffusion movement of water molecules in all directions
of three-dimensional space is not only affected by the charac-
teristics of cell itself, but also by various barriers such as axon
myelin, the interaction between water molecules and protein
macromolecules, and the state of basement membrane. As a
result, the diffusion of water molecules in some directions is
easier than that in other directions. For example, the diffusion
limit of water molecules in the direction of myelinated nerve
fibers perpendicular to axons is greater than that along axons.
This kind of diffusion with strong direction dependence is
called diffusion anisotropy, which is the key of DTI imaging.
Diffusion tensor refers to the anisotropic diffusion of water
molecules, or the diffusion characteristics of inhomogeneous
tissues. In DTI imaging, the key factor determining diffu-
sion tensor is to apply diffusion gradient in at least six non
collinear directions, and obtain a diffusion weighted image
in each gradient direction, so as to obtain a group of diffusion
weighted images.

ALS is a progressive neurodegenerative disease that selec-
tively involves the upper and lower motor neurons in the
brain and spinal cord. The pathological changes of the upper
motor neurons are mainly manifested in the disappearance of
the cells in the motor cortex and the large pyramidal cells,
the degeneration and demyelination of the pyramidal tract.
The following microscopic changes may exist in the brain
tissue of ALS patients:

1) Unstable cell structure;
2) The loss of myelin sheath and Wallerian degeneration

of axon lead to the destruction of cell membrane;
3) The reactive proliferation of glial cells results in the

increase of extracellular space;
4) The ion environment has changed;
5) Secondary to changes in cell structure and function,

blood flow block and axonal flow decline.

All of these changes in microstructure can reduce the abil-
ity of brain tissue to limit the diffusion of water molecules,
increase the diffusion ability of water molecules and change
the diffusion anisotropy. Therefore, we choose FA andMD to
evaluate the damage of motor neurons on ALS.

In this study, 13 ROIs were set in the bilateral motor area
and nonmotor area of ALS patients and normal people. There
was no significant difference in the parameters of each ROI in
the case group between the left and right sides, which may be
related to the bilateral limb involvement of patients with limb
symptoms. In the case group, the parameters of the knee part
of the corpus callosum, the pressure part and the white matter
area under the cortex of the central posterior gyrus were lower
than those of the control group, and the FA value of the
cortex of the central posterior gyrus was lower than that of the
control group. In this study, we found that the changes of FA,
RA and AI values in the brain of ALS patients were similar,
which confirmed that there were lesions in corticospinal tract
and nonmotor area of ALS patients. The decrease of FA value

is related to the demyelination of fiber bundle, the decrease
of anisotropy of water diffusion caused by the rupture, dis-
solution and disappearance of axon, which is consistent with
the research results of thivard et al. There was no obvious
sensory disturbance in this group, but the fibers in sensory
area and non corticospinal tract were also damaged. Some
studies have shown that the FA values of white matter and
corpus callosum in the subcortical posterior gyrus of ALS
patients are significantly reduced, which is consistent with the
degeneration of pyramidal tract through the corpus callosum
confirmed by pathological studies, suggesting that ALS is
not only a damage to the motor system, but a more extensive
systemic disease. Nelles et al found that the FA values of the
central anterior gyrus, semioval center and the posterior limb
of the internal capsule in ALS patients were lower than that
in healthy people, while the positive rate in this study was
significantly higher, which may be related to the smaller ROI
area and the reduction of part volume effect in this study.

In this study, the parameters of the case groupwere reduced
bymore than 30% comparedwith the control group in 4, 8 and
12 places respectively. The diffusion anisotropy was mainly
affected by the integrity of myelin sheath and nerve mem-
brane of axons. The three parameters of diffusion anisotropy
of water molecules included in this study were significantly
lower than those in the control group, indicating that the
integrity and consistency of myelin sheath and axons in ALS
patients were damaged, which confirmed that the white mat-
ter fibers in ALS patients had different degrees of demyelina-
tion and axonal degeneration. The change of AI value is more
extensive than that of FA andRA,which is related to the lower
order of AI value and the relatively obvious change of AI
value. In this study, the parameters at the center of corona and
semioval of ALS patients changed the most, that is, the white
matter fiber damage was the most serious, which could be
used as the first choice of ROI in DTI scanning of ALS
patients; RA and AI values changed more obviously, which
was the first choice of parameters. In addition, the injury
degree of nerve fibers in ALS patients is more serious near
motor cortex than brain stem, which supports the view that
nerve fibers secondary walleri an degeneration after motor
cortex neuron degeneration and necrosis.

In this study, the sensitivity of FA and RA was more than
80% and that of AI was more than 80%. The sensitivity of
semioval center, corona radiata, and paraventricular white
matter were all 100%, suggesting that they could be the first
choice. The SNR of AI map is significantly lower than that
of FA and RA map, and the measurement error is more likely
to occur. Influenced by b value, it is not suitable to compare
among individuals, and it is not as stable as FA value and RA
value.

Under the premise of setting parameter threshold,
the specificity of each index in this study is 55.00% - 76.19%.
Among them, the specificity of each index in subcortical
white matter of anterior central gyrus, subcortical white
matter of posterior central gyrus, posterior limb of internal
capsule, pons and pyramidal medulla oblongata is more than

VOLUME 8, 2020 72391



Y. Sang, J. Xu: Evaluation of Motor Neuron Injury in ALS by Different Parameters of DTI

60%. The demyelination and axonal degeneration of nerve
fibers caused by various causes can cause the changes of DTI
parameters, so its specificity is not as high as sensitivity. This
study did not include patients with other diseases, but only
ALS patients compared with healthy people, the specificity
of the posterior limb of the internal capsule, pons andmedulla
oblongata cone is relatively higher than other ROI, which is
the preferred level.

We found that compared with the control group, the value
of white matter and posterior limb of internal capsule in
the case group increased. The results are consistent with the
results of the study on the brain white matter of patients
with chronic multiple sclerosis, chronic ischemic damage and
other axonal degeneration diseases and Alzheimer’s disease.
The increase of MD indicates that the mobility of water
molecules in the white matter of anterior central gyrus and
the posterior limb of the internal capsule is enhanced in ALS
patients, which may be related to the axonal changes in the
above areas leading to the expansion of extracellular matrix
and the expansion of extracellular space, thus enhancing the
diffusion ability of watermolecules. However, comparedwith
the control group, the FA values in the center of semioval,
the white matter around the lateral ventricle, the foot of brain
and the pyramidal area of medulla oblongata in the case
group were significantly reduced, but the difference in MD
was not statistically significant, which may indicate that the
pyramidal tract in the above areas was damaged, but the cell
density did not change. This is because the accompanying
glial cell proliferation fills the extracellular space enlarged
by axonal degeneration and deletion, which keeps the cell
density of pyramidal tract in ALS patients, and the diffusivity
of water molecules has not changed significantly. It can be
seen that FA value is a sensitive index to evaluate the change
of pyramidal tract disease.

V. CONCLUSION
DTI is a non-invasive method to trace the white matter
fibers and reflect their anatomical connectivity. It provides a
new technical means to study the direction, detour, crossing,
sparse, pushing, interruption, destruction and other abnor-
mal manifestations of white matter fiber bundles in vivo.
Our study showed that compared with the control group,
the values of subcortical white matter, semicircular center,
periventricular white matter, posterior limb of internal cap-
sule, cerebral foot and medullary cone in the case group
were significantly reduced. The MD value of white matter
in anterior central gyrus and posterior limb of internal cap-
sule increased, which was consistent with the pathological
changes of atrophy and disappearance of motor cortex cells,
axonal degeneration and demyelination of pyramidal tract
in ALS patients. In a word, among the many parameters of
DTI, the changes of RA and AI in ALS patients are more
obvious, among which RA is more stable; the sensitivity
of detection in the center of semioval, corona radiata and
parawhite matter of lateral ventricle is higher, and the speci-
ficity of multi parameter judgment in the posterior limb of

internal capsule, pons and pyramidal medulla oblongata is
higher. DTI is one of the valuable methods to evaluate the
pathological changes of pyramidal tract in vitro and nonin-
vasively. It can objectively and quantitatively evaluate the
pathological changes of pyramidal tract of patients, provide
valuable information for the diagnosis of ALS, and have
important significance for deepening our understanding of
the disease. However, as a new means, DTI is still in the
exploration stage in its application, and the current research
samples are mostly small samples, so it is still necessary to
carry out a large sample of in-depth research to get evidence-
based medicine. It is believed that with the further study of
DTI, its role in pyramidal tract diseases includingALSwill be
further revealed. DTI is a non-invasive and objective method
to reflect the pathological damage of upper motor neurons,
but there is no unified parameter and numerical value to judge
the damage of pyramidal tract, so it has great limitations in
clinical application. With the development of MR technology
and ALS molecular pathology, DTI will become a mature
diagnostic tool, which can provide important help for clinical
practice.
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