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Abstract

Discovery of the potential use of stem cells in neural repair and regeneration on patients with Spinal cord injury (SCI) is
a noteworthy development in the neurosciences. In this review, several ongoing studies are presented that aim to describe
neurobiology of spinal cord injury, role of stem cell therapy in neural repair and importance of neuro-cognitive rehabilitation
(NCR) among patients with SCI who treated with stem cell.
Result: NCR is a group of designed techniques that is for the promotion of cognitive domains. It is a science of restoring
cognitive processing which affects the molecular and cellular recovery rehabilitation by integrating behavioral and cognitive
changes. Neuro-cognitive deficits are potential side effects of stem cell therapy (SCT). The promotion of cognitive neuroscience
rehabilitation has made it a priority with the help of interventional procedures. Cognitive impairments after SCT in patients with
SCI are considered huge health challenges. Intervention in the passive skills also can lead to NCR that includes designed experience
on the basis of nerve and brain function and structure. Neuroplasticity and reorganization of cortical damage by morphological
and physiological reactions in nerve reconstruction techniques are the basis of neuro-cognitive rehabilitation which is affected by
the environment, stimulation complexity, repeated tasks and motivation.
Keywords: Neuro-cognitive, rehabilitation, spinal cord injury, stem cell

Introduction

cognitive rehabilitation among patients who treated with stem
SCT should be predictable in the future. Also, it should be cell. Different phases of SCI treatment can cause impairment
performed through the help of many recent advances obtained in cognitive domains. These issues are used for a very accurate
in the neurobiology laboratory. Now, it is clear that central examination in patients who are suspected of SCI.
axonal regeneration is possible under special laboratory
conditions for mammals. Inhibitor molecules have been Review
inactivated and a permissive environment is provided [1-6]. Neurobiology of spinal cord injury
As stem cells can differ and turn to central nervous system Aggravation of injury is very common and even when the
(CNS), laboratory facilities and possibilities have become more patient is hospitalized this problem occurs. In the acute phase,
widespread. Treatment for SCI, based on stem cell technology, transient or permanent damages to axons in terms of histology
is one of the available options. Not much time has passed have been shown, and this is performed by immunochemical
since the Spinal Cord Injuries were considered as a major activity of ‘A Beta’ dense proteins (this protein is a component of
cause of human death [7]. Although there is a great urgency amyloid precursor protein or APP within axons). The transport
and necessity for applying the results of recent researches to system of these axons has interrupted, but rather is able to
patients; it is strictly recommended that human trials should recover. Those who remain healthy may be remyelinated with
not begin until the experimental methodology is completely peripheral Schwann cell myelin [9,10]. It is known that other
worked out on an appropriate animal model. The truth is that bare axons, formatting terminal bulb, have been disrupted
most physicians do not recognize that loss of sensation may [11,12]. The first sign of injury is cord edema, which can cause
be equal with paralysis or disability among patients with SCI swelling that is due to leakage of fluid from the capillaries. This
[8]. Rehabilitation outcomes are determined by the changes in occurs within minutes after the injury and usually is associated
cognitive impairments. In this review, several ongoing studies with white matter parenchymal hemorrhage. Central gray
are presented that aim to describe the importance of neuro- matter necrosis is a common result of flexion and extension
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injuries. Solid cord injury without any visible hemorrhage or thresholds, neurotransmitter release and neuroendocrines.
evident parenchymal disruption is unusual. Clinically, this These ‘plastic’ changes are continuous [20-27]. Neural changes
type of injury is associated with central cord syndrome; the in this phase such as cellular migration and reproduction,
main lesions will generate in the white matter of the lateral irregular heteromorphic networks, collagenous fibrosis,
columns that are adjacent to the central gray matter [1,3,6,7]. degeneration of Wallerian axons, degeneration of axons
and myelin breakdown, isomorphic gliosis and the plastic
Neural changes in SCI Stages
neurophysiological effects cause neural network changes
Occurrence of necrosis in acute phase and in lower-scale after SCI. They are important factors in SCI subacute phase
apoptosis are causes of neurons and glia death in the vicinity to induce neuro-cognitive changes.
of the injured area. The impact of excitotoxic shock is also
In chronic or end stage of SCI, the lesion is typically comevident with the destruction caused by free radicals at the posed of a multilocular cavity holes that pass through the
molecular level. Vascular changes that occur in response to vascular-glial pathways and are associated with regenerated
this phenomenon are initiated by cytokines released from nerve roots. Astrocytes and collagen fibers encounter with
damaged tissues, which may happen in the first 12 hours different degrees of various compounds and surround the
and represented by the migration of polymorphonuclear cavities. It should be noted that multilocular cystic cavities are
leucocytes and vascular dilation. It seems that after these not related to posttraumatic syringomyelia but represent the
events, lymphocytes and macrophages soon after injury within remaining processes of the body healing. Appropriate amounts
24 hours to 48 hours will present in this area. The number and of gliosis, collagen, new blood vessels and macrophages (some
proportion of these cells largely varies from case to case. Within of which are filled with iron), cause regeneration of nerve
72 hours, fat-laden macrophages are greatly found in the area. roots. There is also this possibility that a limited amount of
These cells immerse myelin fragments and turn them into central axons regeneration occurred spontaneously, however;
ineffective or neutral fats using enzymes. Thus they easily take direct demonstration of this fact in humans (after death) is
them away from this area and eventually will destroy them. It impossible. Central axons that myelinated by the Schwann
is thought that reactive changes cause secondary damages to cells have been found, but it may either be remyelinated (the
spinal cord parenchyma, which may at first seem quite intact same so that is described above), or possibly central axons are
[8,13-19]. In this phase, cellular and molecular changes such made to be regenerated by Schwann cells. In this final stage,
as edema, hemorrhage, necrosis, apoptosis, excitotoxic shock, the lesion is more or less static except when it is supposed
cellular migration, myelin fragments and reactive changes that continuous increase in the loss of Wallerian degeneration
cause cognitive changes after SCI. It can justify the role of of spinal tracts occur above or below the lesion and this can
acute phase to induce cognitive impairment which requires effect on the plasticity of neuronal synaptic network [18,28-36].
rehabilitation. The next stage, subacute stage, is characterized Neural changes in chronic phase included: inappropriate amby forming cavity to remove debris which is performed by ounts of gliosis, collagen, new blood vessels, macrophages,
continuing the activity of macrophages. Astrocytes that appear cellular migration and reproduction, irregular heteromorphic
for the first time about 5 days after injury reproduce and locate networks, collagenous fibrosis, remyelinization, regeneration,
on glial fibers, and finally will form irregular heteromorphic degeneration of Wallerian axons and effect on the plasticity
networks. Depending on the extent of arachnoid and dural of neuronal synaptic network. These factors in SCI chronic
tearing, collagenous fibrosis may be prominent inside and phase can cause neuro-cognitive changes after SCT. Other
around the cord lesion, so that the subarachnoid space is complications that occur in the long term are due to the
removed. The rate of collagenous scar formation is variable aging process, such as atheroma of feeding arteries and interand usually proportional to the amount of hemorrhage. vertebral disc degeneration. This change and ligamentum
Beyond the immediate injury, many changes will occur in the flavum hypertrophy may cause spinal stenosis. These effects
remaining cord tissues. Degeneration of Wallerian axons is a may be the reason for neurological changes in the long term
continuous process distal to the neuronal cell body. Over time, [22,24,37]. Injured structures in the Spinal cord model include:
axons are decomposed distal to the injured area and their Long tract, including the corticospinal that may be disordered
myelin sheaths are broken up into globules. Degeneration functionally or anatomically, neurons found in the level of
of axons and myelin breakdown can be seen near the end of injury, which most of them are motor neurons and vascular
the lesion (in the caudal), in the motor pathways, and in the disorders increasing remyelination. It has been shown that
rostral part of sensory tracts. Macrophages remove debris conventional treatment regimens include immunomodulatory
and Astrocytes lay down fibers parallel to the lost axons and drugs contribute to regenerate long tracts. Today most diets are
thus may lead to isomorphic gliosis. In addition, the loss of leading to myelination and are critical for axons regeneration.
Wallerian also occurs in patients who survived for 12 months The reproduction of astrocytes leads to gliosis, which in all
or more. Other changes are more suitable including reflex probability will inhibit the growth of axons [28-31,35,36,38-42].
deviations and the ‘plastic’ neurophysiological effects at the Neurons to corticospinal are located in motor cortex and are
synaptic level arising from changes in the inhibitory signals, not the aim for stem cells restoration.
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Cellular and molecular changes in neural system with
SCT in SCI

SCT in SCI could potentially stimulate endogenous stem cells
to reproduce along the neural pathway. These differentiated
cells will migrate around the central canal across the ducts,
similar to what is provided by radial glia in cortex. They fill
and restore in the anterior horn cells, which have been injured
at the damage level. To control switches or messenger, as an
example, they strengthen this process and advance neural
stem cells along the nerve lines using Shh [43]. However,
restoration of anterior horn cells at damage levels will provide
only a small amount of clinical benefits. If it is proved that the
endogenous cells population is inadequate, stem cells can be
used to stimulate nerve cells in vivo. These cells must reach
the appropriate area, this can be a location in which nerve
cells are lost or can be along the neurons normal migration
pathway. The more appropriate target for treatment in spinal
cord injury is long tracts. Impairment in these areas is the
reason for loss of motor, sensory and autonomic neurons
below damage level. Neurons that are involved in this case
are at the root input levels in the brain or the sensory pathway.
Lush glial reproduction in damage level is detrimental for the
regeneration of axons. The goal of mentioned treatments
is little reproduction of glial. It has been shown that after
cord injury, Oligodendrocyte processes lead to increased
myelination in the tracts. It has been shown that mesenchymal
stromal cells facilitate axons regeneration in animal models.
However, this can occur according to emergence and development of oligodendrocyte processes. Conventional
methods of treatment using methylprednisolone or newer
tests, including rho inhibitors can also act as a second mode.
In cell based treatments, to protect or regenerate tracts,
mononuclear cells or lymphocyte ancestors must be used to
act as immunomodulators and scavengers. This can be a way
for the growth of axons [44-50]. Stem cells in vivo may have a
tendency to differentiate along oligodendrocytic lines before
reaching injured areas. The discovery of neural stem cells could
light glimmer of hope for patients with neurodegenerative
diseases or those who have suffered from nerve injuries.
Spinal cord injuries often force the medical community and
make them to do something. In this context, with hoping
that these cells can be improved, some interventions are
performed. Discovery of the potential use of stem cells in
neural repair and regeneration is a noteworthy development
in the neurosciences [51]. Stem cells are also great bucks and
news related to their development is always a step ahead of
neural development. The reality, however, should mitigate
this enthusiasm. There are limited evidences of animal
models in which stem cells improve functional results that
are exposed to injury in their spinal cord, but methods in
which improvement of function is achieved are still unknown.
Obtained evidences from uncontrolled human trials are not
convincing. These factors can cause neural network changes
after SCT and the neural changes can make neuro-cognitive
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impairments. Neural changes with SCT are important such as
cells differentiation, control switches or messenger changes,
nerve cells stimulation, neurons migration, motor neurons
changes, sensory and autonomic system changes, regeneration
of axons, myelination and conventional methods.

Importance of neuro-cognitive assessment and rehabilitation (NCAR) after SCT in SCI
NCAR programs are used to improve brain functions. Cognitive
rehabilitation therapy (CRT) will show that the cognitive
treatments led to enhanced cognitive and mental performance
is unambiguous [11,52,53]. Neuro-cognitive deficits are
potential side effects of hematopoietic SCT (HSCT). A substantial number of patients revealed evidence of cognitive
deficits a long time after HSCT [33]. Many researches in
functional neurosurgery are associated with cognitive mapping system. In fact, internal and external interferences
will affect their environment and make the patient’s brain
functions easier. These treatments are designed for different
aspects of rehabilitation treatment and can increase the focus
on cognitive skills including motor control [12].The goal is
cognitive functioning promotion. Today, through innovative
treatment programs, the best approach is performed by
expert therapists. They are doing it in the following ways:
Re-use strategies, skills compensatory education, cognitive
consultation, environmental restoration, combining education
with job training opportunities and following-up the patients.
Neuro-Cognitive Assessment and Rehabilitation (NCAR) is
a vital part of the patient’s treatment plan in neurosurgery
such as SCI with SCT [54-56]. Neurocognitive rehabilitation
therapies promote cognitive system skills with movement
disorder. Cognitive, behavioral and social changes improve
with a modern approach to the CRT. This method was designed
primarily based on outpatient procedures. Ideally, modern
NCAR is a combination of rehabilitation programs that are
being undertaken by the computer on an outpatient basis
[57,58].
Generally when a combination of internal and external
interventions occurs, the modern view becomes the most
effective method. In fact, this treatment was developed first
to help the patients before and after SCT but today it is for
the treatment of cognitive disorders caused by brain injury,
head trauma, spinal injuries, and brain tumors. NCR is based
on neuroplasticity and it is brain ability for detecting and
generating paths and circuits in response to our environment
and more importantly in response to our thoughts. The brain
has the ability to be changed during life and it is like a plastic.
Recent researches have shown that stem cells in the brain
can cause the growth of new neurons in any age [59-61].
Neuroplasticity principles include attention, focus, intensity,
duration, constraint, immersion, imitation and visualization.
Focus was causes some changes occur in the structure and
organization of the brain [32]. Brain chooses when to focus
on our senses. Stimulating by focus on our senses enables
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the brain to be stimulated in certain areas. Neurons that
are stimulated together are related with each other and
these neurons create circuits and pathways in the brain and
strengthen them. When two events occur simultaneously,
they are related to each other in the brain and mind. Intensity/
intense experience require very careful organization in the
brain. Stimulation intensity will determine the way of evolution
and growth of neurons. Nurturing stimulation and education
levels are the most effective agents for positive effects. Duration
of neuroplasticity events can play a role in rehabilitation which
is short-term or long-term. Rapid expansion of brain maps
and drawing occurs that cause remembering people names
in a meeting and learning fast for a test are of this kind. The
long-term type which is for permanent effects may require
several months. Brain maps are small in terms of size but the
involved neurons are very efficient. When a patient is forced to
use strong circuits, restrictions and enforcement/reorganization
of the brain can be facilitated. This patient should be able to
classify the data again by use of weaker circuits [62]. Surgery
can cause brain damage and often patients can come back to
their critical abilities. Exposure to the equal opportunity has
limitation and compulsion. Exposure in position can provide
the necessary obligation for neuroplasticity. In imitation,
mirror neurons cause the activation of same parts of viewers’
brain and this is done when they are looking at another one
doing his work. Frontal lobe of the human brain prevents
from actual engaging in activities. This category provides
more possibility of learning for patients. Embodiment is an
activity that activates similar areas of the brain involved in
doing actual activities. Skills can be upgraded and can only
be strengthened through visualization [62]. Neuroplasticity
and reorganization of cortical damage by morphological and
physiological reactions in nerve reconstruction techniques are
the basis of neuro-cognitive rehabilitation which is affected
by the environment, stimulation complexity, repeated tasks
and motivation. Today, SCI management is important and
includes maintaining of static damaged parts by external
devices to minimize the risk of further injury, optimizing the
blood pressure and to maintain cord perfusion. Falling of the
blood pressure is a result of vasomotor tone deficiency. This
may necessitate the use of vasopressors in order to reduce
surgery pressure in the compressed cord which is followed
by stability. Neurological status of each patient may reflect
neuropathology of the lesion. Whether there is neural functions
or not or only parts of them are preserved, is determined by
the segmental level and also by any of the remaining nerve
tracts in the white matter which have been safe from injury
[34,54,63,64]. However, there is one condition that there
must be a number of remaining axonal tracts. Although they
are placed continuously across the lesion, it is less than the
amount that is able to continue maintenance of their voluntary
motor activity in the lower or upper parts. These activities
must be done to have “sense”. Signals that are transmitted
across the lesion will cause incomplete mode in the injuries
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and make a good connection with anatomic findings related
to the disease which is associated with preservation of white
matter bridging in the lesion. These incomplete patients
provide very good field for neurologists who are doing the
regenerating operation. These specialists are always trying
to benefit the remaining functions and increase them [9,65].
These factors are important for assessment of before SCT and
rehabilitation results. Neurological and cognitive status of
each patient with SCI will not be clear approximately within
3 weeks or more after the injury and even after about a year.
Their situation can be improved to some extent. In addition
to obvious neurological defects, the clinical picture in each
of the cases will be so complicated with unwanted abnormal
neural activity. It seems that this type of unwanted side effects
of SCI are caused by increased stimulation of stimulants or
through inhibiting the neuronal threshold along with the
effects related to flexibility of CNS tissue. New connections
are caused neural changes and these are important for
rehabilitation methods. Known neurophysiological changes
and micro anatomical changes occur in neuronal networks and
bellow the lesion, following SCI that is dynamic, complex, and
continuously evolving. However, neuropathological sequences
are similar to reactive cellular changes in the level of lesion,
distal Wallerian degeneration, and altered neuropathological
functions above and below [4,10,56]. Improved neurological
functions using pharmacological interventions are likely to
be accompanied by neurological rehabilitation interventions
to achieve desired goals. NCR is a multidisciplinary science
using by different specialists.

Conclusions

NCAR can be helpful in patients with movement disorder that
have cognitive challenges such as self-sufficiency, self-care,
keeping appointments and knowing others. In some cases,
the CRT gives the poor learning ability of practical skills.
Beside its use in cognitive rehabilitation disorders, it is a novel
method for research efforts to provide guidance in this area.
Today, the effects of cognitive rehabilitation therapy using
fMRI, SPECT, PET techniques have both studied and evaluated.
Metacognitive strategies to be used include helping raise
awareness of patients and considering solving skills along
with learning how to monitor the effectiveness of these
skills and when necessary to self-medicate. Computerized
cognitive rehabilitation in recent years is one of the most
effective treatments for cognitive rehabilitation therapy after
neurosurgery. NCR is an advanced practical and theoretical
method that has been made in neuroscience.
Artificial limbs and “smart” nano-technology-dependent
cell transplantation and neurological functions provide the
ability to re-establish the proper experience and optimal
learning environments through the science of rehabilitation.
Within the literature, it is suggested that further researches
into the fractionation of NCAR should be explored so that
neurocognitive therapists become successful to treat these
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patients through the new methods.
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