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Abstract

Background and Purpose: Amyotrophic lateral sclerosis (ALS) is characterized by the selective death of motor
neurons. Cortical neuron loss is associated with axonal degeneration along specific white matter tracts. Fractional
anisotropy (FA) determined by Magnetic Resonance (MR) might detect integrity or changes in brain white matter
pathways. This study was aimed to analyze pyramidal tract changes in ALS patients submitted to stem cell
transplantation into the frontal motor cortices.

Patients and Methods: Fourteen patients with definite ALS were included. After signing their informed consent,
the patients underwent magnetic resonance imaging (MRI). The pyramidal tract (PT) from the corona radiata to
medulla oblongata was evaluated by quantitative voxel-wise analysis, including FA and diffusion tensor tractography
derived from MR diffusion tensor imaging (MR-DTI) at baseline and 6 months after CD 133+ stem cells
transplantation into the frontal motor cortices. FA changes were analyzed with the Tract-Based Spatial Statistics
software (FMRIB Software Library, Oxford University). Statistical analyzes among FA before and after stem cells
transplantation were performed using the SPSS, v.17.

Results: Improvement in FA was observed in the PT of the whole group when compared at baseline with 6
months after stem cell transplantation (p= 0.05). FA significative changes were observed in the PT at the corona
radiata (p= 0.05) and internal capsule regions (p= 0.03). FA changes were observed in the PT at the mesencephalic
and bulbar regions. However, they were not statistically significant.

Conclusions: FA positive changes suggest recovery of the PT in ALS subjects after stem cells transplantation.
These changes could possible be explained not only by cell replacement but also by modifications of the
extracellular motor neuronal environment, through trophic and neuroprotective effects of stem cells.

Keywords: MRI; Tractography; Fractional anisotropy; Amyotrophic
Lateral Sclerosis; ALS; ALSFRSr; Autologous stem cell; Stem cell
transplantation

Introduction
Amyotrophic lateral sclerosis (ALS) is a late-onset

neurodegenerative disorder characterized by rapid deterioration and
the selective death of motor neurons (MN) in the cerebral cortex,
brain stem, and spinal cord [1-3]. A wide variety of clinical
manifestations are present early in the course of ALS [4]. The clinical
features are attributable to the superimposition of motor deficits
occurring in the upper motor neurons (UMNs) and lower motor
neurons (LMNs). The motor phenotypes are highly heterogeneous and
are defined by: 1) the body region of onset; 2) the relative mix of UMN
and LMN involvement; and 3) the rate of progression [5]. Clinical
evidence of both UMN and LMN damage and its progressive spread
are required for the diagnosis of ALS [4,6,7]. The mean survival of ALS
patients from diagnosis ranges from 15.7 months to 47 months,
according to different series [6,8].

PT axons mostly arise from UMN of the primary motor cortex
(60%), the remainder comes from supplementary motor areas and
from the parietal lobe [9]. The PT fibers end directly in LMN (alpha
and gamma neurons) of the spinal cord. Loss of UMN produces
axonal degeneration in the PT. At the present time, integrity of PT and
white matter tracts may be evaluated in a voxel-based morphometry
(VBM), which assess the regional distribution of white matter loss
[10]. Fractional anisotropy (FA) derived from MR diffusion tensor
imaging (MR-DTI) is an informative measure of axonal fiber
degeneration and myelin breakdown [11]. Several studies have
investigated changes in FA between patients with neurological
disorders and healthy controls, with the aim of improving diagnosis
and monitoring disease progression [12]. Previous reports have
described a decreased FA values at various sites along the PT in ALS
patients [13,14]. Decrements in the FA are interpreted as reflecting
axonal degeneration [13,15]. MR imaging technology is changing
dramatically our understanding of ALS and has been used to aid in the
clinical process of establishing a diagnosis of sporadic ALS and to
monitor disease progression [16-20].

Martínez HR, et al., J Neurol Neurophysiol 2014, 
5:6

DOI: 10.4172/2155-9562.1000244

Review Article Open Access

J Neurol Neurophysiol
ISSN:2155-9562 JNN, an open access journal

Volume 5 • Issue 6 • 1000244

Journal of Neurology & Neurophysiology

Jo
ur

na
l o

f N
eu

rology & Neurophysiology

ISSN: 2155-9562

mailto:drhectormtz@yahoo.com


There is no effective therapy for ALS patients. Riluzole is the only
medication approved by the U.S. Food and Drug Administration for
the treatment of this disorder. However, this drug only slightly delays
disease progression [4]. Stem cell therapy is considered an alternative
method for treating neurodegenerative disorders, including ALS
[21,22]. Stem cell transplantation is a potential therapeutic strategy,
based not only on cell replacement but also on the modification of the
extracellular motor neuronal environment, through trophic and
neuroprotective effects [23]. A variety of cell sources have been
considered for cell therapy [24,22].

Adult stem cells are specialized cells found within many tissues of
the body. These cells can be easily isolated from the peripheral blood
or bone marrow (BM) [25-30]. It has been demonstrated that stem
cells isolated from peripheral blood of ALS patients, can be induced to
differentiate into preneurons or stem cells isolated from human BM
are capable to differentiate into neurons [31]. These differentiated cells
express nestin, neuron-specific enolase, neuron-specific nuclear
protein, glial fibrillary acidic protein, neurofilaments, TAU, NURR1,
and neuron-specific tubulin 1 [27-29, 31-33]. Some studies have
reported that these cells have synaptic transmission capacities [32,33].

Clinical studies using stem cells in humans have been described in
Huntington’s disease, Parkinson’s disease, spinal cord injury, stroke
patients, and Batten’s disease [23,34-38]. No animal model reproduces
all the salient features of ALS particularly the involvement of the
pyramidal tract. Furthermore, mesenchymal stem cell differentiate
into neurons in in vitro and in vivo studies [27-29]. Therefore some
researchers have attempted stem-cell-based approaches for the
treatment of ALS patients. Current clinical trials are based principally
on two main transplantation strategies: the systemic [39,40] and the
local approaches [22, 41-46]. Mesenchymal stem cell transplantation
into the spinal cords of ALS patients has been described, and the
authors reported this method as safe [41]. Recently it has also been
described that CD133+ stem cells transplantation into the frontal
motor cortices in ALS patients is a safe and well−tolerated procedure
[43,44,47].

In the present study we compared MR-DTI and FA changes of the
PT in ALS patients at baseline and 6 months after mesenchymal stem
cell transplantation into the frontal motor cortices. The aim of this
uncontrolled, open-label non-randomized clinical trial was to assess a
possible improvement of UMN status through FA changes in the PT.

Methods and Patients

Study subjects
All patients were recruited and evaluated for their eligibility at the

Neuroscience Center of the Hospital San José Tec de Monterrey and
the Neurology Service of the Hospital Universitario UANL, Monterrey
NL, México. The protocol was approved by the Institutional Review
Board of the Hospital San Jose Tec de Monterrey and Tecnologico de
Monterrey School of Medicine (registration number 01122005), and
all participants signed an informed consent form. A trained
neurologist conducted examinations to confirm the diagnosis of
definite ALS, according to the well-established El Escorial clinical and
neurophysiological criteria [48,49]. Patients with a current or past
history of neurological disease other than ALS and those enrolled in
other clinical trials were excluded. The inclusion criteria were: (a)
confirmed ALS according to the El Escorial clinical and
neurophysiological criteria; (b) no structural damage to the brain or

spinal cord on cervical and cranial magnetic resonance imaging
(MRI); (c) pulmonary function test showing a forced vital capacity
(FVC) of at least of 30 %; and (d) appropriate nutritional status, with a
body mass index of at least 19 kg/m2. The exclusion criteria were: (a)
severe bulbar affection (FVC less than 30%); (b) inadequate nutritional
status or a body mass index lower than 19 kg/m2; (c) tracheostomy;
(d) presence of systemic disorders, such as malignant neoplasm,
cardiovascular disease (decompensated hypertension, ischaemic
cardiopathy and arrhythmia), previous stroke, or coagulation
abnormalities; and (e) evidence of cervical spondylotic myelopathy or
structural abnormalities on MRI, as previously described [43,44].

The neurological examination consisted of testing for muscle tone,
stretch reflexes, pathological reflexes, and the Medical Research
Council scale for grading muscle power and strength [50]. The ALS
Functional Rating Scale Revised (ALSFRS-R) [51], which is the most
widely used and extensively validated global scale for assessing motor
function in ALS, was administered to all ALS patients. This scale is
weighted toward limb and bulbar function, and gives a total severity
score out of 48 possible points. Patients with greater disability have a
lower score. A mini mental state examination (MMSE) and a cognitive
neuropsychological test were performed for all ALS patients before
surgery. The entire clinical evaluation lasted 30–45 min and was
performed at baseline, 1 day and 1, 3 and 6 months after surgery.

Stem cell preparation
After their informed consent was obtained, the patients in the

treatment group received a subcutaneous daily dose of 300 µg of
filgrastim (Neupogen, Basel, Switzerland) for three days [43,44]. This
drug, a human granulocyte colony-stimulating factor (G-CSF)
produced with recombinant DNA technology, acts on hematopoietic
cells by binding to specific cell surface receptors and thus stimulating
cellular proliferation, differentiation, and some end cell functional
activation. Absolute nucleated hematopoietic cell counts have been
reported to increase in diseased as well as in normal subjects receiving
G-CSF [52,53].

On the day following the final dose of G-CSF, the patients were
admitted to the hospital, and a white blood cell count (WBC) was
obtained. Also, a Mahurkar catheter was placed into the right
subclavian vein. Through this catheter, peripheral blood mononuclear
cells were isolated by leukapheresis (Baxter CS 3000+, Deerfield, IL,
USA; or Haemonetics MCS, Braintree, MA, USA). This procedure
lasted for 2 h. A 2 mL sample of cerebrospinal fluid (CSF) was also
obtained by lumbar puncture after the apheresis procedure. The cells
obtained were washed three times with phosphate-buffered saline. The
CD133+ immunoreactive cells in the cell suspension were conjugated
with anti-human CD133+ superparamagnetic microbeads and isolated
in a magnetic field over a MiniMACS separation column (Miltenyi
Biotech, Gladbach, Germany). The enrichment of the CD133+ cells in
the patient samples was confirmed by fluorescence-activated cell
sorting. The cells were counted with a Beckman Z2 Coulter Counter
(Fullerton, CA, USA) and 3.0–5.0 x106 cells were suspended in 0.3 mL
of autologous CSF and dispensed into sterile tubes [43,44]. The total
preparation of the CD133+ stem cells took 4 h, and the patients were
then sent to the operating room.

Surgery
To avoid respiratory complications, the procedure was performed

while the patients were awake, under mild sedation and local
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anesthesia. The stem cells were transplanted bilaterally into the frontal
motor cortex with neuronavigation guidance (Vector Vision 2, Brain
Lab AG, Munich, Germany). Based on MRI scan for neuronavigation,
the motor cortex strip was identified, and the target was defined 3–4
cm from the midline. The positions at which the bur holes were to be
made were identified with the navigation system. After an incision of
the dura, the suspension of CD133+ stem cells in CSF was injected
into the cortex to a depth of 7 mm using a Hamilton syringe held by a
mechanical arm, to maintain its stability during the procedure. Ninety
seconds was the injection time. After this period, the syringe was held
on site for an additional 60 seconds. Finally, haemostatic gel was
applied (Gelfoam, Pfizer, Belgium). The vascular structures and
subarachnoid spaces were avoided. The patients were hospital
discharged on the following day.

Image acquisition
MRI for neuronavigation was performed at baseline. MRI-DTI

tractography and FA of the PT were obtained at baseline and 6 months
after stem cells transplantation. In a lying position, without respiratory
support, ALS subjects were submitted to this study by using a 1.5-T
magnetic resonance equipment (Philips Medical Systems, Eindhoven,
Holland) with a whole-body gradient coil, and an extended MRI
workspace with neuroimaging software. Conventional studies were
made of axial, sagittal, and coronal views. The axial pulse sequences
included three-dimensional fast field echo high-resolution T1- and
T2-weighted images, fluid-attenuated inversion recovery (FLAIR) long
TR images, and proton-density-weighted images. T2-weighted TSE
images in sagittal and coronal sequences were also obtained, together
with sagittal sequences on FLAIR. DTI sequence was acquired 3 times
to improve SNR. These sequences had the purpose of measuring FA of
the PT and the integrity of the whole brain white matter in a
quantitative voxel-wise analysis [54]. DTI images were exported and
analyzed with TBSS (Tract-Based Spatial Statistics) (Software Library,
Oxford University) [54,55] the information was then transferred to
DICOM format.

A Neuroradiologist and a PhD-Physicist blinded to the research
protocol analyzed and measured the FA of the PT in regions of interest
(ROI) that were named as: bulbar (ROI-1), mescencephalic (ROI-2),
posterior limb of internal capsule (ROI-3) and the Corona Radiata
(ROI-4). Differences in FA among the defined brain regions between
baseline MRI and at 6 months after stem cells transplantation were
investigated using TBSS. FA measured in the whole PT in all ALS
patients at baseline were compared with FA obtained at six months
after stem cells transplantation, comparisons among FA right and left

side of each ROI of the PT were also performed before and after stem
cells transplantation. Voxel-wise statistical analysis of the FA data was
carried out using TBSS part of FSL [56,57]

Data analysis
The variables are described as means ± standard deviations and

medians (25th and 75th quartiles), for normal and non-normal data,
respectively. Univariate comparisons of the demographic (age and sex)
and clinical variables (baseline ALSFRS-R, FVC score, and site of
onset) were analyzed with the χ2 test. Voxel-wise statistical analysis of
the FA data was carried out using TBSS part of FSL [56]. A student t-
test was performed for comparisons among FA before and after stem
cells transplantation in the whole PT as well as right and left of each
ROI of the PT, significance among differences was tested at the 5%
level. All statistical analyses were performed with the SPSS 17.0
software package (SPSS, Chicago, IL, USA).

Results
Fourteen subjects with definite ALS underwent autologous stem cell

transplantation into the frontal motor cortex. They were 8 males and 6
females with ages ranging from 26 to 61 years (mean age 46.2 ± 10.3
years). Bulbar-onset ALS was diagnosed in 21.4% (n = 3) of patients,
spinal-onset ALS in 78.5% (n = 11), and no patient had bulbospinal
involvement at onset. The motor phenotypes were heterogeneous at
the time of the baseline physical examination. In 50% (n = 7) of
patients, the LMN–UMN were equally affected, whereas 35.7% (n = 5)
of patients presented with predominant UMN involvement and only
14% of patients (n = 2) had a predominantly LMN phenotype. Among
the 14 ALS patients included, the interval between clinical onset and
diagnosis (median onset to diagnosis interval) was 9.5 months (25th,
75th quartiles: 7, 15) (Table 1). The pulmonary function test at
baseline showed a median FVC of 55.5% (25th, 75th quartiles: 39.5,
74). The median baseline ALSFRS-R score was 29 points (25th, 75th
quartiles: 24, 34.8). There were no abnormalities on the laboratory
tests, which included coagulation profiles and electrocardiograms. No
changes in cognitive function, as demonstrated with MMSE at one
month after the procedure in the whole group. No long-term
neurologic complications inherited to the procedure (up to 6 months)
were observed. MRI studies did not indicate tumour or other brain
structural changes at 6 months after stem cells transplantation.
Clinical parameters evaluated at 6 months after transplantation
showed a median ALSFRS-R score of 28 points (25th, 75th quartiles:
21, 37.5).

Subject Age:

(years)

Sex:

(Male:M or Female:
F)

Site of Onset Disease predominance
(UMN*, LMN** or both)

ODI + (months) DBI ¶ (months) Outcome (at 6
months)

ALS Subject 1 30 F Bulbar UMN/LMN 7 18 Alive

ALS Subject 2 26 M Spinal UMN/LMN 14 24 Alive

ALS Subject 3 55 F Spinal LMN 17 60 Alive

ALS Subject 4 51 M Spinal UMN 6 27 Alive

ALS Subject 5 48 M Spinal UMN/LMN 20 11 Alive

ALS Subject 6 48 M Spinal UMN/LMN 11 11 Alive

Citation: Martínez HR, González-Garza MT, Moreno-Cuevas JE, Caro-Osorio E, Gil-Valadez A, et al. (2014) Increase of Pyramidal Tract
Fractional Anisotropy on MRI after Stem Cell Transplantation in ALS Patients. J Neurol Neurophysiol 5: 244. doi:
10.4172/2155-9562.1000244

Page 3 of 7

J Neurol Neurophysiol
ISSN:2155-9562 JNN, an open access journal

Volume 5 • Issue 6 • 1000244



ALS Subject 7 61 F Spinal UMN/LMN 6 23 Alive

ALS Subject 8 55 F Bulbar UMN 10 5 Alive

ALS Subject 9 60 F Spinal LMN 12 1 Alive

ALS Subject 10 28 M Spinal UMN 10 15 Alive

ALS Subject 11 53 F Bulbar UMN 8 6 Alive

ALS Subject 12 51 M Spinal UMN/LMN 16 8 Alive

ALS Subject 13 35 M Spinal UMN/LMN 7 6 Alive

ALS Subject 14 43 M Spinal UMN 31 31 Alive

Table 1: Demography in 14 ALS patients showing site of onset, motor neuron predominance, interval between clinical onset to diagnosis (ODI),
diagnosis to baseline interval (DBI); *UMN: Upper Motor Neuron, **LMN: Lower Motor Neuron, +ODI: Onset to diagnosis interval ¶DBI:
diagnosis to baseline interval.

A neuroradiologist reviewed MRI at baseline and described isolated
and small high intensity signal in regions of the PT in 3 out 14 ALS
subjects mostly localized in the region of internal capsule. The FA
derived from MRI-DTI was analyzed and reported by a PhD Physicist
blinded to the procedure (Table 2). The mean value of the FA in the
entire PT including all ROI in the 14 ALS cases revealed an increment
in the FA when comparing baseline results with data obtained at 6
months after stem cells transplantation (p = 0.05). Positive increments
in the FA were also observed in the whole PT at corona radiata level
(ROI 4) (p= 0.05) and internal capsule region (ROI 3) (p= 0.03).
Although increments in the FA were observed in the whole PT in the
mescencephalic (ROI 2) and bulbar region (ROI 1) at six months after
transplantation, these changes were no statistically significant (p= 0.18
and p=0.20 respectively) (Table 2, Figure 1).

FA means (n=14) P values (95% CI) *

Region of Interest
(ROI)

Pre-
transplant

Post-
Transplant

Piramidal tract total 0.433 0.448 0.05 (-0.035 to -0.000)

Piramidal tract left 0.433 0.448 0.05 (-0.03 to -0.000)

Piramidal tract right 0.433 0.448 0.07 (-0.373 to -0.001)

Bulbar region total
(ROI 1)

0.429 0.440 0.20 (-0.034 to -0.008)

Bulbar region right
(ROI 1)

0.427 0.439 0.22 (-0.382 to -0.009)

Bulbar region left
(ROI 1)

0.431 0.442 0.20 (-0.031 to -0.007)

Mesencephalic
region total (ROI 2)

0.511 0.524 0.18 (-0.038 to -0.008)

Mesencephalic
region right (ROI 2)

0.507 0.519 0.31 (-0.038 to -0.013)

Mesencephalic
region left (ROI 2)

0.514 0.530 0.10 (-0.041 to -0.002)

Internal capsule
region total (ROI 3)

0.513 0.532 0.03 (-0.041 to -0.002)

Internal capsule
region right (ROI 3)

0.509 0.525 0.04 (-0.036 to -0.000)

Internal capsule
region left (ROI 3)

0.517 0.539 0.05 (-0.051 to -0.000)

Corona radiata
region total (ROI 4)

0.366 0.384 0.05 (-0.410 to -0.000)

Corona radiata
region right (ROI 4)

0.370 0.390 0.07 (-0.484 to -0.002)

Corona radiata
region left (ROI 4)

0.362 0.377 0.04 (-0.348 to -0.000)

Table 2: Fractional Anisotropy (FA) in cerebral regions of interest
(ROI). Comparison of the FA values in different ROI in ALS subjects
before and after stem cell transplantation into the frontal motor
cortices; * 95% Confidence Interval

FA changes were compared in left and right PT in each ROI
between baseline values (pre-transplant) and those at six months after
the procedure (post-transplant). Increments in FA of the entire PT
were only significant on the left PT (p= 0.05). The right entire PT
showed no significant increment, but demonstrated a clear statistical
trend towards that goal (p= 0.07). Analysis by specific ROI
demonstrated differences among the entire left and right PT in ROI 4
(corona radiata) (p=0.04 and p=0.07 respectively and in ROI3
(internal capsule) of the entire PT on the left and right sides (p=0.05
and p=0.04 respectively). Increments in FA were also detected in left
and right ROI 1 and ROI 2. However, they were not statistically
significant (Figure 1).

Discussion
There is no effective treatment for ALS patients. Life expectancies

range from 15 to 47 months after presentation [8,6] even after Riluzole
treatment. Stem cell transplantation is a potential therapeutic strategy
for ALS patients, as well as for other neurodegenerative disorders
[41,43,44,45,34-38,22], and may act by cell replacement or by
modifying the extracellular motor neuronal environment. Adult stem
cells isolated in vivo from human BM or peripheral blood can
differentiate into neural cells. Furthermore, it has been demonstrated
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that CD133+ stem cells isolated from the peripheral blood can
differentiate into neurons [27,28,31].

Recently, several authors have described preliminary results of stem
cell therapy in ALS patients [40,41,42,43,4539,22]. Different local
routes for stem cell transplantation have been reported in these
patients, including intraspinal [41,46], intrathecal [45], and directly
into the frontal motor cortex [8,43,44]. Previous studies using a
systemic approach [39,40] in ALS patients were based on the
impairment of the blood–brain barrier observed in animal models of
ALS [58], but this topic remains controversial [59].

We recently described autologous CD133+ stem cell
transplantation into the frontal motor cortices of 10 patients with
definite ALS, based on the scientific rationale of improving the UMN
function in these patients [43,44]. Safety and feasibility of CD133+
stem cell transplantation into the frontal motor cortices of 67 definite
ALS patients was also recently described by our group [44]

The pathological hallmark in ALS is the degeneration of both UMN
and LMN [4,6,7]. Assessment of UMN damage in ALS patients is
suggested only by neurological evaluation. The FA derived of MRI-
DTI has shown potential in objectively assessing UMN injury [16,-20].
Decrement in the FA of the PT in ALS subjects suggests UMN
damage. Since the PT originates from the UMN, FA analysis of this
tract may help us to confirm clinical diagnosis of UMN damage in
ALS.

In the present study we compared modification of the FA in the PT
of patients with ALS before inclusion to a research protocol of
autologous mesenchymal stem cell transplantation into the frontal
motor cortices (FA baseline) and at 6 months after the procedure (FA
post transplant). The aim of this clinical trial was to assess a possible
improvement of UMN status through FA changes in the PT.

We have observed an increment in the FA in all ROI of the PT
analyzed in the present series. However, statistically significant
positive changes were only observed in the upper regions of the PT
(ROI-4 and ROI-3) such as corona radiata and internal capsule (Figure
1, Table 2). Increments in the FA were also observed in the PT after
stem cells transplantation in mesencephalic and bulbar regions.
However, in these ROI, FA changes did not reach statistically
significant values (figure 1). The site where stem cells were injected
and probably the time the MRI-FA follow-up was performed may
explain these positive changes in the FA only in internal capsule and
corona radiata after the procedure.

Figure 1: MRI coronal (left) and sagittal view (right). Fractional
anisotropy of the PT was analyzed, measured and compared in 4
regions of interest (ROI) named as bulbar (ROI-1, in white),
mescencephalic (ROI-2, brown), posterior limb of internal capsule
(ROI-3, green)) and Corona Radiata (ROI-4, yellow). Differences
between baseline and after stem cells transplantation MRI-FA are
shown. Only ROI 3 and 4 that are located close to the site of
transplantation showed statistically significant increment in FA in
comparison to baseline FA. In the corona radiata, increase in FA
was found when left and right sides were measured and compared
in total (p=0.05), FA in this ROI showed statistically significant
increment only in left side(p= 04).

In the present series, clinical parameters in transplanted patients
were followed up by the ALSFRS-R [51], since is the most widely used
and extensively validated global scale for assessing motor function in
ALS. The median baseline ALSFRS-R score was 29 points and at 6
months after transplantation, the median ALSFRS-R score was 28
points. It have been described an average decline of 1.1 ALSFRS-R
score per month (-13.32 per year) [46], in our cases have observed a
clinical stabilization during follow up (6 months)

There was no correlation among FA increases in the corona radiata
and internal capsule regions and the ALFRS-R score. The absence of
correlation is explained by the fact that ALSFRS-R is weighted toward
limb and bulbar function and not restricted to evaluate the UMN
function. Moreover motor phenotypes in ALS are highly
heterogeneous, as it was observed in the present series, where 50% of
cases showed similar affection of UMN and LMN.

Stem cell transplantation into the frontal motor cortices in ALS
patients may act by cell replacement or by modifying the extracellular
motor neuronal environment. If both of these possibilities occurred in
our ALS patients, mescencephalic and bulbar regions are expected to
improve in a period longer than 6 months follow up (Figure 1).
Increase of pyramidal tract fractional anisotropy on MRI after stem
cell transplantation suggests that CD 133+ stem cells either improved
axonal functionality or promoted axonal recovery, however, possible
neuronal replacement may also explain positive changes in regions 3
and 4 of the PT.

According to the present study, stem-cell transplantation in ALS
patients slightly delays disease progression and produced clinical
stability as it was shown in ALSFRS-R score. Slow clinical progression
and longer survival rate has also been described with this
transplantation procedure in ALS patients [43,44]. A remarkable issue
of stem cell transplantation into the frontal motor cortices is that is
performed under local anesthesia and with light short-term sedation
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avoiding general anesthesia. Moreover, no serious adverse events were
observed in our cases. Pyramidal tract FA measured by MRI may help
us to confirm clinical diagnosis of UMN involvement in ALS subjects.
This neuroimaging method may also be used to determine
effectiveness of different therapies in clinical trials. It will be necessary
to further evaluate the efficacy of this procedure in ALS patients under
controlled conditions.

Conclusion
FA derived from MRI-DTI revealed an increment in the PT at six

months after stem cell transplantation. Further studies and controlled
clinical trials with a greater number of patients are necessary to define
the usefulness of stem-cell therapy in patients with definite ALS.
Additionally, we consider that FA analysis is warranted to detect early
UMN degeneration and to monitor its progress or modifications by
therapeutic approaches in patients with ALS.
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