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Objective: In this study, umbilical cord mesenchymal stem cell (UC-MSC) transplantation
was used to treat patients with spinal cord injury (SCI). The microstructural changes of the
spinal cord before and after transplantation were observed by diffusion tensor imaging (DTI).
Methods: From January 2014 to May 2015, seven patients who met the inclusion criteria
were enrolled in this study. In the experimental group, both UC-MSC transplantation and
comprehensive rehabilitation treatment were applied, while the control group received only
comprehensive rehabilitation treatment. American Spinal Injury Association (ASIA) sensory
and motor scores and the degree of SCI, spasticity, and urine/defecation functions were
measured and evaluated together with DTI before the treatment and again at two and six
months after the first treatment.

Results: From the DTIL, the changes in the fractional anisotropy (FA) value and the apparent
diffusion coefficient (ADC) value were as follows: in the experimental group, there were
significant differences in the FA and ADC values before and after treatment (P < 0.05) with
a decreased ADC value and an increased FA value. The differences in the ADC and FA values of
the normal layer and the lesion layer before and after treatment were compared. The differences
in ADC and FA at the lesion layer before and after transplantation were greater than those of the
normal layer, and the differences were statistically significant (P < 0.05). In the experimental
group, one patient with incomplete SCI and one patient with a short course of complete SCI
improved in terms of light touch, acupuncture sensation, and motor score. One patient with
incomplete SCI achieved improvement in spasticity and urine/defecation functions.
Conclusion: The combination of UC-MSC transplantation and comprehensive rehabilitation
therapy could help to promote the structural repair of the spinal nerve in patients with SCI.
Keywords: spinal cord injury, stem cell, DTI, ADC, FA

Introduction

Spinal cord injury (SCI) is a clinical syndrome in which the structure and function
of the spinal cord are damaged by injury or disease, which leads to a change in
motor, sensory, and autonomic nerve function below the level of the injury. The
incidence of SCI is high with great harm. Currently, the treatment of SCI mainly
focuses on the following aspects: (1) Neural protection and control of the secondary

1

injury, including hypothermia,  surgical decompression, hormone pulse therapy,

riluzole,” and free radical scavenging. (2) Promotion of axon regeneration and
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repair of the injured myelin sheath, including cell trans-
plantation, neuron growth factor, myelin-related inhibitor
targeting agent, and galectin-1 (Gal-1).* (3) Removal of
the factors that inhibit axonal regeneration, including the
application of anti-axon growth inhibitor and gene silen-
cing to indirectly promote axon regeneration. However,
due to the central nervous system’s limited abilities of
repair following injury in adults, the dead neurons cannot
be replaced by new or adjacent neurons generated by the
central nervous system itself; therefore, the therapeutic
effect is limited. The rapid development of neural tissue
engineering technology makes it possible to use tissue
engineering cells to repair the nerve injury; this provides
a new possibility for the treatment of SCI and makes it
possible to repair injured axons, regenerate neurons, and
restore part of the function of the spinal cord nerve. At
present, the candidate cells mainly include neural stem
cells (NSCs), mesenchymal stem cells (MSCs), embryonic
stem cells (ESCs), umbilical cord blood stem cells, oligo-
dendrocyte precursor cells, Schwann cells, and olfactory
ensheathing cells.* Currently, there is increasing research
on the treatment of SCI with stem cell transplantation, and
its therapeutic effect has been confirmed.® However,
there are few reports on the changes of the spinal cord
fibers in vivo following stem cell transplantation.

Diffusion-weighted imaging (DWI) and diffusion ten-
sor imaging (DTI) are two functional magnetic resonance
imaging (MRI) techniques that can reflect the diffusion
characteristics of water molecules in living tissue. They
can dynamically provide the micro-pathophysiological
structure of the spinal cord, the functional state of water
molecule exchange between various components under
a pathological state and show changes in fiber connections
in the living spinal cord via intuitive fiber-tracing images.’
Compared with conventional MRI, DTI can evaluate the
functional status of the spinal cord. It is of great benefit in
the clinical study of both the location and degree of a SCI
and in the evaluation of therapeutic effects and prognoses.
DTI provides a new concept and method for studying the
subtle structural changes of the spinal cord following stem
cell transplantation.

In this study, umbilical cord mesenchymal stem cells (UC-
MSCs) were used in the treatment of patients with SCI. DTI
was utilized to observe the correlation between the changes in
spinal cord microstructure and nerve function before and after
treatment. The aim of this study was to determine the pre-
clinical changes in patients following UC-MSC treatment to
provide a clear foundation for stem cell treatment in SCL

Materials and Methods

Patients

From January 2014 to May 2015, the inclusion criteria for
patients with SCI who were admitted to the authors’ depart-
ment were as follows: (1) patients with a first diagnosis of
complete SCI (ASIA grade A) or incomplete SCI (ASIA
grades B-D) according to International Classification of
Diseases, Ninth Revision (ICD-9), (2) patients with SCI
involving the cervical, thoracic, and lumbar segments, (3)
patients aged between 18~50 years, (4) patients with
a course of SCI of 1 month~5 years, and (5) patients who
were hospitalized for comprehensive rehabilitation treatment
for one month or more. This study was conducted in accor-
dance with the Declaration of Helsinki. Following examina-
tion and the approval of the Medical Ethics Committee of
the hospital, patients were informed about the study and
follow-up; they agreed to participate and gave informed
consent. The flow diagram was showed in Figure 1.

The exclusion criteria were as follows: (1) patients
with a magnetic metal foreign body or pacemaker, (2)
patients with uncontrollable severe infection and high
fever, (3) patients with complex trauma, such as brain
trauma and thoracic—abdominal trauma, (4) patients with
peripheral nerve injury, such as a brachial plexus injury,
limb fracture, or hypersensitivity, who could not complete
the examination, (5) patients with cardiac, pulmonary,
hepatic, renal, and other important organ dysfunctions
and mental diseases, (6) patients with coagulation dysfunc-
tion, and (7) patients under 18 years old or above 50 years
old. The withdrawal criteria were as follows: (1) patients
who died, changed treatment, transferred, or who did not
attend the follow-up, and (2) patients who terminated the
treatment due to serious adverse reactions. The Medical
Ethics Committee of The second affiliated hospital of
Kunming Medical University approved the UC-MSC
transplantation treatment, which was placed on record in
the superior health administrative department and was
performed with the informed consent of patients.

Grouping Methods

The Experimental Group

Patients with SCI who met the inclusion criteria were
educated on stem cell therapy technology. Patients who
voluntarily chose UC-MSC transplantation therapy tech-
nology signed the informed consent form for stem cell
transplantation. Those who were willing to cooperate
with the DTI examination signed the informed consent
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Figure | The flow diagram on the study population selection and evaluation.

form for the DTI research project and were included in the
experimental group. Stem cell therapy and comprehensive
rehabilitation treatment were applied to this group.

The Control Group

Patients who met the inclusion criteria and were not willing to
receive UC-MSC treatment but who were willing to undergo
DTI signed the informed consent form for the DTI research
group.
Comprehensive rehabilitation treatment was given to this
cohort.

project and were included in the control

Main Apparatus and Evaluation Method in

Diffusion Tensor Imaging

The study used a Siemens Sonata 1.5 T superconducting
MR scanner. MRI scanning was performed using 8-chan-
nel memorized phased-array coils, and a Leonardo graphic
image workstation was used. The apparent diffusion coef-
ficient (ADC) and fractional anisotropy (FA) values were
measured using post-processing software.

Routine MRI Scanning of Spinal Cord

All patients underwent localization scanning with fast
spoiled gradient echo, and sagittal T2 weighted imaging
(T2WI) and T1 weighted imaging (T1WI) scanning were

completed with fast spin echo (FSE). Scanning parameter
T2WI: repetition time (TR): 3280 ms, echo time (TE) 98
ms; TIWI: TR501 ms, TE 11 ms, layer thickness 3.0 mm,
field of view (FOV) 280 mm x 250mm.

After scanning, the DTI images were transferred to the
Siemens workstation for post processing. DTI images of
the sagittal position of the spinal cord were generated,
including ADC and FA images. In the zoom and 3D
modes of the DTI post-processing window, the most com-
monly used region of interest (ROI) method was utilized
to extract and evaluate the DTI parameters.® An ROI of the
same size (about 2-3 pixels) in the selected layer was
placed in the center of the lesion area of the spinal cord.
The ROI was copied and pasted with the anatomical image
to ensure accurate positioning. The ADC and FA values
were measured by the analysis software provided by the
equipment. Between six and seven groups of ADC and FA
values were generated in each patient (Figure 2).

Therapeutic Method of Stem Cell

Transplantation

Stem Cell Source/Type

The stem cells were provided by Shenzhen Beike Stem
Cell Biotechnology Co., Ltd. and were of the UC-MSC
type (Figure 3). All the infused UC-MSCs were from
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A TIWI

Positioning site of ROI

Figure 2 Positioning site of ROL. (A) TIWI image; (B) FA image. TIWI showed FA was a DTI scalar, representing axon integrity and closely related to fiber integrity.

the second to the fifth generations and underwent strict
purification and quality control procedures.

Methods of Transplantation

The stem cell transplantation was performed once a week
for four weeks as a course of treatment. The transplantation
route was as follows: In the first week, 30 mL of UC-MSCs
(including the plasma) was injected intravenously at the rate
of 40—60 drops for a minutes before 5 mg of dexamethasone
was given. Intrathecal injection was performed during the
last three weeks. Left knee flexion was taken in the patients,
and the injection location was at the L3/4 or L4/5 interver-
tebral space. After local disinfection, local infiltration
anesthesia with 2% of lidocaine was administered at the
puncture point and was covered with a hole towel. Then,

Figure 3 The cell morphology under 4x microscope for the fourth generation cells.

a No. 9 or 7 lumbar puncture needle was used to puncture
into the epidural space from the intervertebral space; the
needle entry continued until there was a sense of falling,
then the core of the needle was removed. With clear cere-
brospinal fluid flowing out, the piezometric tube was con-
nected to measure the pressure, and 8-9 mL of the
cerebrospinal fluid was drawn for analysis. Then, 1.0 mL
of the UC-MSC and 8-9 mL of 0.9% normal saline were
injected into the subarachnoid space via a 10-mL syringe.
The number of cells was 5 x 107/1. Following the operation,
the patients remained supine for six hours without a pillow.

Comprehensive Rehabilitation Therapy
The duration of the comprehensive rehabilitation treatment
was at least one month. According to the degree of injury,
spinal stability, and functional status of the patients, the
comprehensive rehabilitation treatment included drug
nutrition, microcirculation improvement, muscle strength
training, traction, endurance training, sitting and standing
balance training, maintaining and expanding the range of
joint activities, transfer training, wheelchair skills training,
daily living activities training, limb massage, acupuncture,
physical therapy or functional electrical stimulation, mag-
netic bed treatment, and application of orthosis.

Evaluation of the Clinical Effects

In both the experimental and control groups, the ASIA
rating scale was assessed before treatment and again at
two and six months after the first treatment. Spasm was
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evaluated by the modified Ashworth scales (MAS), and
DTI was performed.

Spinal Cord DTI Scanning

Sagittal imaging of spinal cord was performed by single shot
spin echo plane sequence (SE-EPI), all using automatic shim-
ming and lipid suppression techniques. The scanning plane
was the same as the conventional sagittal plane. Diffusion
sensitive gradient took 12 directions, parameters: TR 2400
ms, TE 74 ms, FOV 280 mm x 280 mm, matrix 120 x 128,
the layer thickness was 3.0mm, the layer spacing was 0, the
number of layers was 20, and the diffusion weighting coeffi-
cient values are 0 and 500 s/mm?>, respectively.

Observation of Safety Indices and

Adverse Reactions

After the treatment, the patients’ vital signs were closely
observed, and changes in routine blood test, coagulation
function, and hepatic and renal functions were compared
with the before-treatment results. The routine examination
and biochemical changes of the cerebrospinal fluid
extracted in each treatment were observed, and the occur-
rence of adverse reactions at any time was recorded.

Statistical Methods

Due to the small number of cases collected in this study,
the general data of the patients and that of the clinical
evaluation could not be statistically analyzed; therefore,
a case analysis was conducted. The ADC and FA values
were statistically analyzed using SPSS 17.0 software and
were expressed as mean + standard deviation (X* s).
A normality test and a homogeneity test of variance were
conducted, and a paired ¢-test was applied for comparison
before and after treatment in patients with normal distribu-
tion and homogeneous variance. The value (P < 0.05) was
considered to be statistically significant.

Results

Analysis of the Participants

The Experimental Group

From January 2014 to May 2015, a total of 16 patients
with SCI were treated in the authors’ department with
stem cell transplantation; 10 of these patients met the
requirements for the MRI examination. During the process
of inclusion, two patients refused to participate in the
experiment, eight patients underwent MRI and DTI exam-
inations, and four patients lost the follow-up (the main
reason was that they were no longer willing to undergo

the examination after discharge). Of the remaining four
patients, two cases were followed up for eight weeks and
two were followed up for 24 weeks (all calculated from
the time of the first treatment).

The Control Group

After the experimental group was confirmed, the control
group was paired. According to the principle of matching
the injured segments (the cervical segment, the thoracic
segment, and the lumbar segment) and the injury level
(ASIA: A-D), eight cases were included in the control
group. Five of these were withdrawn, and three were
followed up for eight weeks.

Analysis of the Clinical Symptoms of the
Study Subjects

1. The seven subjects comprised six patients with com-
plete injuries and one with incomplete injuries
(Table 1). Among the six patients with complete inju-
ries, a descent of two segments of nerve level was
achieved in one patient who received stem cell trans-
plantation. The remaining two patients who received
stem cell intervention and the three patients who did
not receive stem cell intervention did not make pro-
gress in spasticity and urine/defecation control. One
patient with an incomplete injury who received stem
cell transplantation intervention showed improvements
in spasticity and urine/defecation control (Table 2).

2. Among the four patients in the experimental group, one
patient with an incomplete injury and one patient with
a complete injury showed improvements in acupunc-
ture sensation, light touch, and motor scores after two
months of treatment and improved significantly after
six months of treatment. There were no obvious
changes in the other two patients (Table 3). A paired
t-test was used to compare the experimental group’s
acupuncture sensation, light touch, and motor scores
before the treatment and at two and six months after the
treatment, respectively. The results showed no statisti-
cal significance (P > 0.05) (Table 4).

Results of Diffusion Tensor Imaging
Fractional Anisotropy and Apparent Diffusion
Coefficient Images

In the FA image, the direction of the white matter fiber was
represented by color, blue represented the up and down direc-
tions, green represented the front and back directions, and red
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Table | General Information of Patients

Case | Genders | Age | Course of Diagnostic Modified Urination and Treatment Options
Disease Ashworth Defecation
(Month) Score
| Male 47 19 Té6 Spinal Cord Injury mn Self-control, Umbilical Cord Mesenchymal Stem Cell
Grade C about 50mL of Transplantation + Comprehensive
residual urine Rehabilitation Therapy
2 Male 43 9 C4 Spinal Cord Injury 1= Incontinence Umbilical Cord Mesenchymal Stem Cell
Grade A Transplantation + Comprehensive

Rehabilitation Therapy

3 Male 22 6 Cé6 Spinal Cord Injury 0 Incontinence Umbilical Cord Mesenchymal Stem Cell
Grade A Transplantation + Comprehensive
Rehabilitation Therapy

4 Female 29 2 T10 Spinal Cord Injury | Incontinence Umbilical Cord Mesenchymal Stem Cell
Grade A Transplantation + Comprehensive
Rehabilitation Therapy

5 Male 27 | T12 Spinal Cord Injury 0 Incontinence Comprehensive rehabilitation therapy
Grade A

6 Male 24 5 T8 Spinal Cord Injury I Incontinence Comprehensive rehabilitation therapy
Grade A

7 Male 35 10 C7 Spinal Cord Injury Il Incontinence Comprehensive rehabilitation therapy
Grade A

Table 2 Comparison of Spasticity and Urination and Defecation in the Experimental and Control Groups Before and 2 Months After

Treatment
Case Bilateral Lower Limb Achilles Tendon Reflex Ankle Spasm Babinski Test Urination and Defecation
MAS Score

Before After Before After Before After Before After Before After
Treatment | Treatment | Treatment | Treatment | Treatment | Treatment | Treatment | Treatment Treatment Treatment
1 ]| ++++ +++ + + + + Self-control, Self-control,
residual urine residual urine

80 mL 50 mL
2 111 1-1 ++++ ++++ + + + + Incontinence Incontinence
3 0 | 0 + - - - + Incontinence Incontinence
4 | | +++ +++ - - + + Incontinence Incontinence
5 0 0 0 0 - - - + Incontinence Incontinence
6 I I +++ +++ - - + + Incontinence Incontinence
7 ] 1] +H++ +H++ + + + + Incontinence Incontinence

Table 3 Comparison of ASIA Scores in the Experimental Group of Patients Before and After Treatment (Xts)

Case | Genders | Age Before Treatment 2 Months After Treatment 6 Months After Treatment
Sensation of Light Sports Sensation of Light Sports Sensation of Light Sports
Needles Touch Needles Touch Needles Touch
| Male 47 77 78 72 79 80 80 82 83 86
2 Male 43 14 16 20 14 15 21 14 16 22
3 Male 22 58 6l 16 57 6l 18 57 60 18
4 Female 29 71 72 60 78 78 66 78 78 68
9726 https: International Journal of General Medicine 2021:14
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Table 4 Comparison of the ASIA Scores Before and After Treatment
Targets Before Treatment 2 Months After Treatment 6 Months After Treatment t P
Sensation of needles 55.00+28.46 56.75+29.95 57.06+£30.01 —1.000 0.391
Light touch 56.25+27.71 57.50£29.01 58.20+29.36 —0.547 0.623
Sports 42.00+28.19 43.50£27.16 44.13+£27.23 —2.324 0.103

represented the left and right directions. The normal spinal
cord was a uniform blue color, and the color of the cerebrosp-
inal fluid was black. In the ADC image, the normal spinal cord
showed a homogeneous and continuous low signal, while the
signal from the cerebrospinal fluid was high.

1. In the present study, the DTI of the seven patients
clearly displayed the spinal cord without obvious
image distortion. In the FA images of the six patients
with complete injury, there were obvious green or red
abnormal signal opacities in the blue spinal cord, and
the black color of the blue spinal cord interruption was
visible. Some of the signals in the ADC images were
increased and showed light gray, gray—white, or even
white color changes; some signals were missing and
showed as pure black, indicating that the continuity of
the upper and lower cervical spinal cord was partially or
completely interrupted. Compared with the images
before the treatment and at two months following the
stem cell transplantation and comprehensive rehabilita-
tion treatment, no significant changes were found
(Figure 4).

2. In one patient with incomplete injury, the DTI showed
the spinal cord clearly without obvious image distor-
tion. The FA images revealed some green or red abnor-
mal signal opacities in the blue spinal cord without
interruption of the blue spinal cord. The ADC image
demonstrated a partially increased signal and showed
light gray or white changes without an interruption
signal. Compared with the DTT images obtained before
the treatment and at two months after stem cell trans-
plantation and comprehensive rehabilitation, it was
found that the green part was slightly reduced in the
FA images, and there was no significant change in the
ADC image (Figure 5).

Apparent Diffusion Coefficient and Fractional
Anisotropy Values
and After Treatment in the

Comeparison Before

Experimental Group

The location of the spinal cord lesions was taken as the
center in the four patients in the experimental group, and
the ROI was taken at half of the vertebral body interval.
The ADC and FA values were measured, respectively.
A total of 27 groups of ADC value data and 27 groups
of FA value data were obtained. The data were in accor-
dance with a normal distribution. A paired #-test was
performed to compare the changing tendency of the
ADC and FA values before and after treatment. It was
demonstrated that after two months of treatment, the
ADC value was lower than before the treatment, while
the FA value was higher than before the treatment. This
difference was statistically significant (P < 0.05) (Table 5).

Comeparison Before and After Treatment in the Control
Group

The location of the spinal cord lesions was taken as the center
in the three patients in the control group, and the ROI was
taken at half of the vertebral body interval. The ADC and FA
values were measured, respectively. A total of 20 groups of
ADC value data and 20 groups of FA value data were
obtained. The data were in accordance with a normal distri-
bution. A paired #test showed that the differences in the ADC
and FA values of the control group before and after treatment
were not statistically significant (P > 0.05) (Table 5).

Comparison of the ADC and FA Values Between the
Lesion Site and the Normal Site Before and After the
Treatment in the Experimental Group

The regions with normal signals in the T2W1 and the DTI
images were taken as the center in the four patients in the
experimental group. An ROI was taken from every half of the
vertebral body, and the ADC and FA values were measured,
respectively. The changes in the ADC and FA values before
and after treatment were regarded as the ADC difference and
the FA difference, respectively. A rank-sum test was used to
analyze the difference in ADC and FA at both the normal
level and the lesion level. The results showed that the ADC

and FA differences of the injured layer were higher than those
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Figure 4 The FA image and the ADC image in a patient with complete cervical SCI. (A) FA image before the treatment; (B) FA image after the treatment; (C) ADC image
before the treatment; (D) ADC image after the treatment. After scanning, DTI images were transmitted to Siemens workstation for post-processing to generate sagittal DTI
images of spinal cord, including ADC and FA images. In the zoom and 3D mode of DTI post-processing window, ROI of the same size (about 2 ~ 3 pixels) was placed in the
center of the spinal cord lesion area at the selected spinal cord level, and the ADC value and FA value were measured.

of the normal layer before and after transplantation, and the
differences were statistically significant (P < 0.05) (Table 6).

Safety Indices and Adverse Reactions

No abnormal changes were recorded in the routine blood
test, coagulation function, and hepatic and renal functions
before and after the stem cell transplantation in the experi-
mental group. Clear yellow cerebrospinal fluid was found
in one female patient during the second stem cell trans-
plantation, but there were no abnormalities found in the

routine test and biochemical assay of the cerebrospinal

fluid. One patient developed a headache and a low fever
after the treatment, and the symptoms were relieved on
the second day without special treatment.

Discussion

Stem Cells and the Therapeutic
Mechanism for Spinal Cord Injury

Stem cells are cell populations with the potential for self-
renewal, high proliferation, and multi-directional differ-
entiation. They are the original cells of animal organisms
and various tissues and organs. According to their
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Figure 5 The FA image and the ADC image in a patient with incomplete thoracic
SCI (A) FA image before the treatment; (B) FA image after the treatment; some
green or red abnormal signal opacities could be observed in the blue spinal cord
without interruption of the blue spinal cord. (C) ADC image before the treatment;
(D) ADC image after the treatment. A partially increased signal and light gray or
white changes without an interruption signal could be observed in the ADC image.

origins, stem cells can be divided into two categories:
ESCs and adult stem cells (ASCs). ASCs include stem
cells from fetal, neonatal, and adult tissues. Over the past
decade, the stem cells used in the treatment of SCI have
mainly included ESCs,”' NSCs,"" MSCs,'* induced
pluripotent stem cells,'”*> and spermatogonial stem
cells.'* These can live in the host spinal cord for
a certain period of time and promote the recovery of the
motor function of the spinal cord to different degrees.
Due to their omnipotence, ESCs have the greatest

therapeutic potential for cell transplantation of all stem
cells. ESCs can proliferate infinitely without aging and
can differentiate into neurons and glial cells to supple-
ment neural cell loss caused by SCI. Combined with their
secretion of active factors, ESCs can inhibit the further
expansion of injury and support the regeneration of nerve
tissue to achieve repair in SCL.® However, the technology
of culturing ESCs is complex, and it involves ethical
issues. After transplantation, ESCs possess characteristics
of tumorigenesis'> and rejection; they maintain character-
istics of undifferentiation or of mainly differentiating into
glial cells following transplantation into the non-neural
areas of the mature central nervous system,'® which lim-
its their clinical application.

MSC:s are a type of pluripotent stem cell. At present, bone
marrow stem cells and adipose stem cells are mostly used in
large amounts, because the survival rate and differentiation
rate of these stem cells are low.'”'® They have no ethical
issues and can be auto-transplanted without immune rejec-
tion. Additionally, MSCs migrate to injured and inflamed
sites. However, MSCs must be obtained via invasive meth-
ods, and the number of stem cells decrease significantly with
age. Thus, it is difficult to isolate and culture MSCs. The
number of MSCs is insufficient to meet the needs of clinical
transplantation. In recent years, MSCs have also been found
in fetal accessories, such as the placenta, umbilical cord, and
cord blood. UC-MSCs have the unique advantages of low
immunogenicity, high proliferation, strong differentiation
potential, and convenient source. Therefore, the present
study selected UC-MSCs for transplantation in the treatment
of SCIL. The injection of stem cells into the nervous system is
basically based on lumbar puncture transplantation, but for
safety reasons, we gave intravenous transplantation for the
first time to rule out whether there would be allergy.

A large number of studies have shown that the
mechanism of MSCs in the treatment of SCI may be
closely correlated with anti-inflammatory, immunomodu-

neurotrophic,
19-21

latory, anti-apoptotic, and angiogenic

effects, while the substitution effect of differentiation

Table 5 Comparison of Lesion Levels in Experimental and Control Patients Before and After Transplantation (X+S) ADC(Xsx [0 ®

mm?%/S) FA(X£sx 107)

Targets Before Transplantation 2 Months Post-Transplant t P
Experimental group ADC 2582.50+856.80 2201.92+762.82 3.951 0.002
FA 208.17+121.86 293.67+140.91 —4.532 0.001
Control group ADC 2640.40+208.91 2710.00+351.24 —0.562 0.604
FA 262.60+74.59 293.40+40.16 —-0.967 0.388
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Table 6 Comparison of the Difference Between Lesion Level
and Normal Level in the Experimental Group of Patients Before
and After Transplantation (M+Q) ADC(M+Qx 10 ¢ mm%/S)FA(M
+Qx 1073

Targets Lesion Level Normal Level z P
ADC 259.5+396.5 75.0£116.2 —2.044 0.041
FA —68.5+-172.7 —7.00£-89.5 —2.326 0.032

is not obvious.*” The difficulties in the treatment of SCI lie
in how to replace the dead cells, including neurons and
oligodendrocytes, how to reduce and fill the syringomyelia
caused by injury, how to provide an environment for axon
growth, and how to promote functional recovery. Stem
cells could have the following effects: (1) bridging the
broken ends in SCI to form functional synapses and re-
establishing the nerve conduction pathway, (2) secreting
a variety of neurotrophic factors to improve the local
microenvironment of the spinal cord and initiating the
sequential expression of regeneration-related genes, thus
promoting axon regeneration, (3) re-sheathing the injured
demyelinating axons and restoring the electrical conduc-
tion function of myelinated nerves,” and (4) inhibiting
oxidative stress, thereby reducing inflammatory reaction
and increasing the inhibition of further SCI.

Analysis of Clinical Effects

Clinically, SCI usually manifests in various motor sensory
and sphincter dysfunctions, dystonia, and pathological
reflexes in the corresponding injured segment. This study
used the MAS score, Achilles tendon reflex, ankle clonus,
and Babinski test to comprehensively evaluate the overall
spasticity of the lower limbs in patients with SCI. B-type
ultrasonography was used to detect residual urine after
spontaneous urination to preliminarily determine sphincter
function. Improvements in spasticity and urine/defecation
functions after stem cell transplantation were evident in
only one patient with incomplete injury. The three other
patients in the experimental group and the three patients in
the control group did not make any progress in spasticity
and urine/defecation functions.

The degree of SCI and the recovery of the motor and
sensory injury can be better reflected using the ASIA
score, which is currently the most sensitive method for
evaluating the neurological function of SCI. By evaluating
the clinical efficacy in the seven subjects in this study, it
was found that the patients in the experimental group

showed clinical changes both before and after treatment.
Among them, one patient with incomplete injury improved
in spasticity, urine/defecation functions, and ASIA score
after the treatment. The injured segments in another
patient in the experimental group decreased by two seg-
ments after the treatment, and their ASIA scores improved
for light touch, acupuncture sensation, and movement.
However, following treatment, the three patients in the
control group failed to make progress in spasticity, urine/
defecation functions, and ASIA scores. Some researchers
found that the transplantation of bone marrow MSCs had
an obvious therapeutic effect on acute and sub-acute SCI,
but there was almost no therapeutic effect on chronic
SCI.** Similarly, the only patient with a complete injury
who demonstrated significant clinical changes in the pre-
sent study received stem cell transplantation with a course
of SCI of only one month. Thus, it could be speculated
that for patients with both a short course of SCI and an
incomplete injury, the clinical efficacy of stem cell therapy
might be more obvious.

Characteristics of Diffusion Tensor
Imaging in Patients with SCI After Stem

Cell Transplantation

DTI is developed on the basis of DWI and can measure the
displacement of water molecules in vivo in at least six direc-
tions. It can reflect the diffusion of water molecules more
accurately than DWI and provide the functional state of
water exchange between tissue components under the tissue’s
spatial composition and pathophysiological state; furthermore,
it can show the direction of the nerve fiber bundle. In this
study, the main DTI parameters included the ADC and FA
values. The ADC value reflects the average diffusion ability of
water molecules in all directions. The higher the ADC value,
the stronger the diffusion ability of water molecules, and the
more serious the injury of the spinal cord fiber. A smaller ADC
value means that more water molecules can diffuse.”> The FA
value refers to the proportion of anisotropic component of the
water molecule to the whole diffusion tensor. The range of the
FA wvalue is 0-1; 0 denotes isotropy, while 1 indicates
anisotropy.”® The higher the FA value, the better the integrity
of the myelin sheath, which can reflect the integrity and con-
duction function of the nerve fiber bundle and quantitatively
express the bundle’s pathophysiological state.>” Therefore,
DTI can be used as one of the indices to observe the therapeu-
tic effect on spinal cord disease following treatment and facil-
itate a timely and accurate dynamic observation of the
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microscopic changes in the nerve fibers during the process of
spinal cord repair. The present study used the changes in ADC
and FA values in DTI before and after treatment to evaluate the
preclinical efficacy of stem cell transplantation in the treatment
of SCL

In the experimental group, the ADC values of the four
patients two months after treatment were significantly lower
than before treatment, while their FA values were increased.
This change was statistically significant (P < 0.05). The ADC
values of the three patients in the control group after two
months of treatment were also lower than before treatment,
and their FA values were increased. However, the difference
before and after treatment was not statistically significant. The
changes in the experimental group suggest that the changes in
spinal cord microstructure before and after treatment were
consistent with the principle of spinal cord repair, which
indicates that a combination of UC-MSC transplantation and
rehabilitation therapy could promote the structural repair of
spinal cord nerve fibers in patients with SCI.

In the experimental group, the ADC and FA values of the
lesion layer and the ADC and FA values of the normal layer
before and after treatment were compared, respectively. The
differences in the ADC and FA values in the lesion layer
before and after treatment were found to be greater than in
the normal layer. The difference was statistically significant.
It was demonstrated that the effect of stem cells transplanted
into the subarachnoid space on the lesion area was greater
than that on the normal area; this could indicate that this was
due to the homing of stem cells. Due to the lack of reports in
this area, further research is required.

The biggest limitation in the present study is its small
sample size, so the conclusion of this study should be further
demonstrated. Due to stopping stem cell transplantation, the
experimental group could not continue, and the data of only
a few patients were particularly valuable. Small amounts of
data lead to the failure of the statistical analysis of clinical
evaluation data, and the matching analysis of the DTI data
and clinical data was not clear. Furthermore, it was difficult
to collect cases and perform follow-ups because of the poor
compliance of patients due to the observation of the precli-
nical effects of the treatment.

Conclusion
In Summary
(1) The ADC value and FA value of the patients in the
experimental group were significantly changed before and
after the treatment, while in the control group, they were not

significantly changed. This indicated that the UC-MSCs trans-
plantation combined with comprehensive rehabilitation ther-
apy could help to promote the repair of the spinal nerve fiber
structures in patients with SCI. (2) DTI might be able to detect
the preclinical changes of UC-MSC transplantation earlier.
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