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Abstract Cerebral palsy (CP) is a neuromuscular disease due
to injury in the infant’s brain. The CP disorder causes many
neurologic dysfunctions in the patient. Various treatment
methods have been used for the management of CP disorder.
However, there has been no absolute cure for this condition.
Furthermore, some of the procedures which are currently used
for relief of symptoms in CP cause discomfort or side effects
in the patient. Recently, stem cell therapy has attracted a huge
interest as a new therapeutic method for treatment of CP.
Several investigations in animal and human with CP have
demonstrated positive potential of stem cell transplantation
for the treatment of CP disorder. The ultimate goal of this
therapeutic method is to harness the regenerative capacity of
the stem cells causing a formation of new tissues to replace the
damaged tissue. During the recent years, there have been
many investigations on stem cell therapy. However, there are
still many unclear issues regarding this method and high effort
is needed to create a technology as a perfect treatment. This

reviewwill discuss the scientific background of stem cell ther-
apy for cerebral palsy including evidences from current clin-
ical trials.
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Introduction

The lesions or anomalies of the brain happening in the early
stages of its development can lead to a group of heterogeneous
non-progressive motor dysfunction syndromes called cerebral
palsy [1]. Above 100,000 Americans less than 18 years of age
are supposed to have some neurologic dysfunctions attributed
to cerebral palsy [2]. Cerebral palsy can be caused by brain
injury in prenatal or postnatal periods. Several birth complica-
tions such as low birth weight, uterine growth retardation, as-
phyxia, intracranial hemorrhage, and trauma can induce this
disease [3]. In the most of cerebral palsy (CP) patients, there
is a white matter injury in periventricular, subcortical, and
callosal areas of the brain [4]. The different subtypes of CP
include spastic, ataxic, dyskinetic, and unclassified [5].
Various methods have been used for the treatment of CP which
include physical and occupational therapy [6]; using the caste
and orthoses [7]; medications that aimed to decrease the effects
of CP such as abnormal muscle tone, sleep disorder, and agita-
tion and to prevent seizer [8]; surgery which includes diverse
surgeries on bone, muscles, tendons, and nerves that can facil-
itate training and rehabilitation [9], hyperbaric oxygen that de-
livers oxygen at greater than atmospheric pressure; Adeli suit
therapy [10]; and patterning, electrical stimulation, and conduc-
tive education [11]. However, none of the abovementioned
treatments is of absolute cure for CP and some of them may
cause discomfort or several side effects in the patients.
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Recently, stem cell therapy has attracted huge interest as a new
treatment for CP. Many clinical trials on patients with CP who
use this method of treatment have shown great efficacy. It
seems that cell therapy will create a revolution in the manage-
ment of CP and the conventional therapeutic methods may be
substituted by this novice strategy.

Stem Cell

Stem cells are cells with the ability to differentiate into few
(like multipotent adult stem cells) or any (like pluripotent em-
bryonic stem cells) cell types while able to self-renew to pro-
duce more stem cells [12, 13]. Wilson in the nineteenth cen-
tury introduced the term Bstem cell^ as a synonym for a mi-
totically quiescent primordial germ cell [14]. The stem cells
(SCs) are characterized by self-renewability that is the capa-
bility to both multiply them and make new SCs more differ-
entiated than the mother cells. SCs are classified according to
the developmental step of the animal fromwhich a stem cell is
separated from. In this classification, stem cell is defined as
embryonic stem cells (ESCs) and adult stem cells (ASCs)
including mesenchymal stem cells, hemopoietic stem cells,
and neural stem cells [15]. Regarding to differentiating ability,
SCs are characterized as totipotent, pluripotent cells such as
ESCs, and multipotent cells such as ASCs, which are able to
create more classified types of cell lineages [13]. Scientific
investigators have been working to find and recognize the
molecular and cellular pathways that involve SCs. Deep un-
derstanding of the pathophysiological mechanisms related to
SCs will be the only way to obtain them in a laboratory and
use the achieved results in the treatment of neurological dis-
orders like CP [16].

Cell-Based Therapy in Neurological Diseases

Cell-based therapy and gene transfer to the diseased brain
have been provided to explore the possibility of developing
new powerful therapeutic methods for a spectrum of human
neurological disorders. Indeed, the lack of appropriate cell
types for cell therapy in patients with the neurological disor-
ders has caused the development of this therapeutic procedure
[17]. The main sources of stem cells for neurotherapy include
ESCs, stem cells from the fetal or adult central nervous sys-
tem, or other tissues such as bone marrow and cord blood
(Fig. 1) [18–20]. The clinical effect significance of stem cells
occurs through neural replacement, remyelination, and
neuroprotection.

Cellular Signaling Pathways for Brain Growth
and Repair

The stem cell niches in the CNS are placed in distinct
anatomic regions. They have been found in the dentate

gyrus of the hippocampus and in the subventricular zone
along the lateral ventricles. The neural stem cells present in
CNS niches are able to proliferate along neuronal or glial
lineages [21]. The stem cell-based natural repair happens
through the stages of multiplication, differentiation, migra-
tion, and neosynaptogenesis [22, 23]. The cell proliferation
is induced by growth factors such as FGF-2 (fibroblast
growth factor-2) and EGF-1 (epidermal growth factor-1)
[24–26]. Signaling has a vital role in the renovation of
embryonic and adult stem cells. In the developing neocor-
tex [27], sonic hedgehog (Shh) helps to neural progenitor
cell proliferation. During neurogenesis, radial glial cells of
the ventricular zone (VZ) are the main neocortical progen-
itors that produce neurons through both symmetric and
asymmetric divisions. Shh and Notch signaling can coop-
erate to regulate neurogenic part of neocortical progenitors
[28]. Differentiation along neuronal lines happens under the
effect of the Shh, while the notch pathway stimulates pro-
liferation towards a glial lineage. The Shh is a secreted
glycoprotein which increases the proliferation of neural pro-
genitors [29, 30]. The Notch is a transcription factor that
makes active CBF1. The Notch which is often expressed in
proliferating regions of the developing CNS plays an im-
portant role in this process. In fact, in vivo activation of the
Notch improves radial glial morphology at E12.5/E14.5,
while constitutive activation is associated with an extra for-
mation of oligodendrocyte progenitor cells (OPCs). In ad-
dition, other studies have demonstrated that postnatal
Notch-expressing progenitors develop to disperse astrocytes
and periventricular cells. Therefore, stem cell differentiation
depends on the interactions between different signaling
pathways, some which induce specific lineage production
and some which stop [31–33].

Stem Cell Therapy as a Novice Procedure
for the Treatment of CP

Unsatisfactory results in conventional methods for the treat-
ment of CP have compelled the scientists to seek for the new
therapeutic procedures. One of these novice procedures is the
stem cell therapy. Several studies in animal models have al-
ready shown potential benefits of stem cell transplantation for
the treatment of CP [34]. Recently, several practitioners have
been trying to treat CP patients with stem cells and a spectrum
of positive results has been demonstrated in their clinical trials
[35–38]. During the last years, the diverse types of stem cells
derived from different origins, with special dosage, have been
used in various clinical trials. Several techniques of cell deliv-
ery have been tested in the patients with different complica-
tions and etiologies of cerebral palsy. A group of scientists
believes that patients who are in acute phase of some kinds
of CP like hypoxic-ischemic brain injuries are better candi-
dates for cell therapy because of the presence of the
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chemotactic signals and vascular permeability. The problem in
this phase is lack of time for doing appropriate processes on
cells before culture [39]. Furthermore, some researchers con-
sider the age as an important factor in success of cell therapy
for CP. They suppose trials in younger ages will lead to better
results [40]. The investigation about mentioned parameters
may be useful for clarifying different aspects of stem cell
therapies for the treatment of the cerebral palsy. Several stud-
ies in animal models have already shown potential benefits of
stem cell transplantation for the treatment of CP [34, 37].
Recently, several practitioners have been trying to treat CP
patients with stem cells and a spectrum of positive results
has been found in their clinical trials [35–38]. Currently, sci-
entists at the DukeUniversity have started a phase I study with
autologous umbilical cord blood transplantation in full-term
newborns with moderate-to-severe CP derived from hypoxic-
ischemic encephalopathy. The newborns have been followed
for evaluation of neurodevelopmental outcomes and have
been also observed with magnetic resonance imaging [39].
During the last years, the diverse types of stem cells derived
from different origins, with special dosage, have been used in
various clinical trials. Several techniques of cell delivery have
been tested in the patients with different complications and
etiologies of cerebral palsy. A group of scientists believes that
the patients who are in acute phase of some kinds of CP like
hypoxic-ischemic brain injury are better candidates for cell
therapy because of the presence of the chemotactic signals
and vascular permeability. The problem in this phase is the
lack of time for doing appropriate processes on cells before
culturing them [39]. Furthermore, some researchers consider
the age as an important factor in success of cell therapy for CP.
They suppose that the trials in younger ages will lead to good

results [40]. The investigation of the abovementioned param-
eters may be useful for clarifying different aspects of stem cell
therapies for the treatment of the cerebral palsy.

Different Mechanisms by Which Stem Cells May Help
for the Repair of the Brain in CP

Cell transdifferentiation is differentiation of stem cells into
mature neurons. Indeed, the first hypothesis, concerning the
mechanism of stem cell therapy in CP, was the direct transfor-
mation of stem cells into mature neurons. However, investi-
gations on animals with CP showed that the functional recov-
ery in animals with CP can also happen without the presence
of cells with neural labeling in the damaged area of the brain
[41, 42]. Furthermore, the transdifferentiation of ASCs with
mesodermal origin into cells which are derived from ectoder-
mal layer is still under investigation. In addition, in vitro stud-
ies showed that the transdifferentiation of stem cells into neu-
ral cells is detected by the presence of special markers of
neurons and glial cell [43]. However, the electrophysiological
features of these transdifferentiated cells are not well docu-
mented yet. Due to these matters, other mechanisms for the
repair of brain in CP patients have been suggested [41, 44, 45].

Release of Trophic Factors

The stem cells may play an important role in generation or
release of neurotrophic factors [46]. The studies on animal
models with CP showed that there was an increase of 15 %
in generation of trophic factors after transplantation of umbil-
ical cord blood stem cells (UCBSCs) to the animal. The sci-
entists believe that in a hypoxic-ischemic brain, although the

Fig. 1 Sources of stem cells in
neurological disease [19]
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release of trophic factor happens naturally but the transplan-
tation of stem cells can increase its generation [41].

Induction of Endogenous Neurogenesis

The investigations on animals with CP revealed that the trans-
plantation of stem cells to animal causes a decrease in the
production of microglial and an increase in the neurogenesis.
The scientists believed that transplanted stem cells modulate
the inflammatory cascade of the brain after injury and enhance
the production of neurons [47].

Modulation of the Inflammatory Process

The stem cells can stop the activity of immune cells in the
patient with CP. Recent studies on animals with CP have dem-
onstrated that various sources of stem cells can stop the acti-
vation of various immune cells. For instance, neural stem cells
(NSCs) in a CP animal model decreased inflammatory cyto-
kines and improved neuroprotection [20]. Furthermore, intra-
venous injection of HUCBSC enhanced the neuron survival
and decreased the infiltration of white blood cells and the
secretion proinflammatory proteins in the damaged brain in
the model with CP [20, 41].

Stimulation of Angiogenesis

The new blood vessels can be produced through the
transdifferentiation of the stem cells into the blood vessels
and also by release of trophic factors [48]. Some studies on
the adult rats with CP have demonstrated the enhancement of
the blood vessels in the penumbra just a few days after deliv-
ery of stem cells. In addition, transdifferentiation of the grafted
stem cells into blood vessels has been detected. Other evi-
dences from CP animal models have shown that the stem cells
derived from the bone marrow stroma can improve the angio-
genesis in the ischemic area by enhancing the endogenous
levels of vascular endothelial growth factor [49]. Evidences
from transplantation of NSCs to a rat with hypoxic-ischemic
brain injury showed that angiogenic signals were produced to
induce the generation of a neovascularized parenchyma at the
region of the porencephalic cyst [41].

The endometrial stem cell is one of the stem cells which its
angiogenic potential has been approved in several studies. The
3-dimensional (3D) culture gives the possibility of quantifica-
tion of cell proliferation and angiogenesis from endometrial
stromal cells. The culture of human endometrial stem cells in
the fibrin matrix leads to the proliferation of endometrial stro-
mal stem cells and angiogenesis [50–54]. Also, another re-
search has been shown that human endometrial stem cells
are a new source for neural cells [55–60]. These documents
show that human endometrium has a number of candidate
stem/progenitor cell for the treatment of CP.

Stimulating of Neuroplasticity

The enhancing of the efferent and afferent connections be-
tween the brain and zones of the injury causes an increase in
the local synaptic activity [41]. The expression of synaptic
proteins have been recently detected in adult rats with CP
passing stem cell transplantation, indicating the generation
of synaptic contacts. Confirming this possibility, a recent in-
vestigation indicated that intracerebral delivery of NSC in CP
rats enhanced the number of axon terminals in the sensorimo-
tor cortex, corpus callosum, and ipsilateral striatum/thalamus
and also increased the development of axons in the injured
hemisphere [41, 61].

Sources of Stem Cells Which Have Been Used to Achieve
Their Role in the Treatment of CP

Umbilical Cord Blood

Investigations indicated that umbilical cord blood (UCB) con-
tains many types of stem cells which may be helpful in the
treatment of CP such as hematopoietic stem cells [44],
embryonic-like stem cells, endothelial stem cells, epithelial
stem cells, and mesenchymal stem cells [62]. The UCB studies
demonstrated that the transplanted UCB stem cells can move to
the injured regions in the traumatic brain of the CP rat. The
reason of homing of the UCB stem cells into the brain lesion
may be specific chemo-attractants being discharged and unreg-
ulated on the injured area, and the impaired bloodbrain barrier
in the damaged brain helps in the penetration of donor cells to
the central nervous system [63]. The benefits of using cord
blood stem cells for CP include the availability, high tolerance
to HLA mismatch, and reduced graft versus host disease [64].

Bone Marrow

Several studies have used the bone marrow as a source for
hemopoietic and mesenchymal stem cells for the treatment
of CP [39, 65]. The use of bone marrow (BM)-derived cells
is not always satisfactory because of the high risk of viral
exposure, the significant reduction in the cell population,
and the proliferative/differentiation capacity along with age.
In addition, it needs a painful invasive procedure to achieve a
BM sample [39].

Brain

The subventricular zone of the lateral ventricles and the
subgranular region of the hippocampal dentate gyrus have
the NSCs and the astrocyte stem cells. The embryonic nervous
system of animal models has been used as this source [66].
The disadvantage of this method is small population of donor
cells [67].
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Embryo

The inner cell mass of blastocyst-stage embryos also has been
used in investigations as a source in stem cell therapy for CP
because of having cells that possess the capability to develop
into neurons [41].

Types of Stem Cells Which Have Been Used
for the Treatment of CP

Hematopoietic Stem Cells

This type of stem cell has been used in the various clinical
trials for the treatment of CP [68]. The mononuclear stem
cells are hematopoietic cells which have the ability of self-
renewal, differentiation, and migration. They are abundantly
placed in the bone marrow and defined as CD 34+ cells.
They are hypothesized to act in neurogenesis and angiogen-
esis. In the human clinical trials on the CP patients, there
has been an acceptable reduction of disability scale after
the delivery of bone marrow-derived hematopoietic stem
cell into the carotid artery of the CP patients [69]. The
researchers hypothesized that the improvement in the treat-
ed patients was due to increased angiogenesis or to internal
milieu, which is helpful for starting the reparative process.
However, they had no method to prove this opinion since
there was no mean available to observe the stem cells
homing capability or survival or integration into the host
cytoarchitecture. Several studies have already indicated the
benefit of the mononuclear stem cell transplantation in an-
imal models and clinical trials with CP. These findings
showed that the mononuclear stem cells have the ability
of neurogenesis and angiogenesis by modulating the host
environment [70].

Mesenchymal Stem Cells

The mesenchymal stem cells can be isolated from the
bone marrow or cord blood [71]. The mesenchymal stem
cells are great candidates for cell transplantation because
they can be easily accessible; the isolation is uncompli-
cated and the cells can increase to clinical scales in a
relatively short period of time. They can also be main-
tained with minimal loss of potency. Furthermore, the
human clinical trials of the mesenchymal stem cells
(MSCs) have demonstrated no adverse reactions to allo-
geneic MSC grafts and they also have wide-ranging dif-
ferentiation capacity. Moreover, this cell type has an in-
creased capacity to express neuronal phenotypes in vitro
and in vivo [72]. Some studies showed that the MSC can
increase the endogenous generation of new neuronal cells
through inhibition of microglial inflammatory activity.
The therapeutic possibility of mesenchymal stem cells

has been recently investigated in an experimental model
of the CP animals. It showed a promotion of neurological
function with the decrease of brain tissue injury after de-
livery of the stem cells. The researchers found delivered
cells in the cortex and the hippocampus, 7 days after cell
delivery demonstrating the astrocytic differentiation, with-
out neuronal development [41]. Different human trials
have shown positive results in the use of mesenchymal
stem cells for the management of CP [41, 73].

Neural Stem Cell

The NSCs have the ability of self-renewal and limited capac-
ity to produce cells of neuronal and glial lineages [21, 74].
Evidences achieved from a case study on a CP mouse showed
that multipotent astrocytic stem cells from the subventricular
zone of mice moved to the cortical and the periventricular
ischemic region and indicated signs of neuronal and astrocytic
differentiation in CP animals passed intracerebral transplanta-
tion. In comparison, when transplantation was done in healthy
animals, the cells remained in the region of transplantation and
kept their astrocytic profile. The investigations have shown
that the NSC can move and survive in injured brain regions
and can be stimulated to differentiate in vivo and in vitro into
neurons, oligodendrocytes, and astrocytes [75]. Researches on
the animal models with CP showed that when the NSCs
grafted into the contra lateral hemisphere of the hypoxic brain
injury, the NSC moved across the corpus callosum and other
interhemispheric commissures to the infarcted region.
However, when grafted into the ipsilateral hemisphere, the
cells stayed at the site of injury. In both examinations, the
NSCs developed in the ischemic zone, expressing markers
for neurons, oligodendrocytes, astrocytes, and neural progen-
itor cells [76]. Furthermore, the same research group showed
the inflammatory mechanisms related to the movement of the
NSC in response to brain hypoxic-ischemic injury [77].

Embryonic Stem Cells

These cells have the capacity to differentiate into neurons by
specific culture methods [78]. In a study on a rat with CP,
transplantation of ESCs which had been differentiated into
neurons in vitro led to promoted spatial memory in cerebral
palsy rat. But, although the number of neuronal cells was
enhanced in the ischemic hippocampus, there was no obvious
correlation between the outcomes and neuronal repopulation,
differentiation, or release of trophic factors by the transplanted
cells. The evidences of the investigations also indicated that
symmetry can happen after delivery of human ESCs in CP rat.
However, the researcher found no change on the structural
brain damage [79].
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Methods of Cell Delivery Which Can Be Used for the CP
Patients

Various methods of cell delivery have been used for cell ther-
apy in CP patients: (1) intravenous method which is safe and
non-invasive but has the risk of cell migration to the other
organs, (2) intra-arterial method with the advantages of the
better targeting of the injured regions possible but has the
danger of embolism and ischemia [80], (3) intracranial meth-
od which makes the migration of transplanted cells easier but
it is very invasive [65], (4) intraperitoneal [81], and (5) sub-
cutaneous methods which are both easy and none invasive but
cells have to migrate a long distance in these techniques [64].

The Effectiveness of the Stem Cell Therapy on CP
Complications

Stem cell therapy has been effective for different complica-
tions of CP such as muscle tone, abnormal movements,
speech, cognition, balance, and gross motor function [82].
The improvement mechanism is the repair of the brain injury
areas, which are responsible for the promoted tasks. This re-
pair may happen due to differentiation of transplanted stem
cells into neural cells or secondary to induction of
neurogenesis or angiogenesis. This results in an increase of
blood flow to the damaged regions [83–86].

Reverse Reactions Which May Happen in Stem Cell
Therapy

There have been no major immediate or delayed adverse re-
actions in the patients who have passed various procedures of
cell therapy with different kinds of cells. In no patient’s labo-
ratory and clinical findings of tissue-destructive autoimmune
reactions were detected [63, 83].

Supplementary Approaches Which Can Facilitate Cell
Therapy in CP

The stem cells can be mobilized by processes in which
endogenous stem and progenitor cells are moved.
Delivering cytokines such as granulocyte colony stimulatory
factor (GCSF) or chemokines such as SDF-1, trophic and
growth factor like brain-derived neurotrophic factor (BDNF)
or glial-derived neurotrophic factor (GDNF) into the brain
can help to this purpose [87, 88]. These approaches may be
used together to enhance recovery [89]. Some cases of CP,
like hypoxic-ischemic brain injuries, may associate with
massive tissue necrosis, yielding to a porencephalic cyst.
Such condition provides an impaired microenvironment for
homing of transplanted cells because of lack of blood supply
and enough extracellular matrixes. In some situations, the
utilization of biodegradable scaffolds in the necrotic cavity

will be useful in order to ease the creation of connections
between graft and host tissue [41, 90, 91].

Summary

In this article, the stem cells which are unspecialized
cells with the ability to differentiate into other cells
[13, 15] were discussed and their role in the treatment
of cerebral palsy was investigated [44, 92]. Furthermore,
other treatments which are used for CP were mentioned.
It is obvious that although several procedures have been
used for the treatment of CP, but none of them have had
satisfactory results [93]. The stem cell therapy as a new
therapeutic method for the treatment of CP can solve a
lot of problems in this way. According to recent investi-
gations, various types of stem cells can act in the process
of brain repair through different mechanisms. For in-
stance, the NSCs have the ability of self-renewal and
modulation of inflammatory process while hematopoietic
and endometrial stem cells have the ability of angiogen-
esis or neurogenesis. The MSCs can modulate the activ-
ity of immune cells or act through cell differentiation
[20, 41, 47, 94].

Traditional treatments such as using the braces are too dif-
ficult for the patient to be tolerated [7]. Drug therapy will just
reduce the symptoms and will not be an absolute cure for the
disease. Some of the new procedures such as the electrical
stimulation have not shown positive results [11], and some
others like hyperbaric oxygen delivery which has been some-
what effective may result in dangerous complications such as
pneumothorax [95]. The stem cell therapy as a new therapeu-
tic method for the treatment of CP can solve a lot of problems
in this way. According to recent investigations, various types
of stem cells can act in the process of brain repair through
different mechanisms. For instance, the NSCs have the ability
of self-renewal andmodulation of inflammatory process while
hematopoietic and endometrial stem cells have the ability for
angiogenesis or neurogenesis. The MSCs can modulate the
activity of immune cells or act through cell transdifferentiation
[96, 97].

The clinical trials have shown that the stem cell therapy
can have influences on any complications of CP like loss of
motor control, speech control, abnormal muscle tone, and
cognitive problems without causing considerable reverse im-
mediate or delayed reactions [44]. In previous studies, vari-
ous types of stem cells from diverse origins and through
different techniques have been transplanted in CP patients.
The results indicated that each of the subtypes of the men-
tioned parameters has its own advantages and disadvantages
for cell therapy. Regarding the source of stem cells,
UCBSCs showed good results for achieving treatment of
CP because of availability, high tolerance to HLA mismatch
between donor and recipient, and reduction of graft versus
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host disease [64]. The using of BM-derived cells is not
always satisfactory because of invasiveness and high risk
of viral exposure and the significant reduction in the cell
population and the proliferative/differentiation capacity
along with age [94]. Using the brain as a source provided
a limited number of cells for immunological matches [18].
Regarding the type of stem cells, the mesenchymal stem
cells are great candidates for cell transplantation because
they can be easily accessible; the isolation is uncomplicated
and the cells can increase to clinical scales in a relatively
short period of time. They can also be maintained with min-
imal loss of potency [39]. Regarding the NSCs, they have
been very helpful in animal models and preclinical trials for
the treatment of CP [98], but accessibility of very small
population of them makes immunological matches difficult
for cell therapy [18]. The hematopoietic stem cells are also
good choices for brain repair because of their ability for
induction of angiogenesis and neurogenesis [99], but aspi-
rating the bone marrow of the patient for achieving these
cells is painful and increases the risk of infection [100,
101]. Concerning the ESCs, although neurological functions
and the population of neurons in the injured zone have en-
hanced after cell delivery in animal models but no changes
in the structural brain injury have been detected. Regarding
the method of cell delivery, recent studies demonstrate that
intravenous injection of the stem cells is a safe method but it
has the risk of migration of cells to other organs [102, 103].
Intracranial cell delivery is an invasive method but the mi-
gration of the stem cells is easier in this procedure. Intra-
arterial injection of stem cells allowed better targeting the
injured organ but there was the risk of embolism and ische-
mia. Intraperitoneal and subcutaneous injections of the stem
cells are easy and safe methods but the stem cells have to
migrate a long distance. According to the evidences from
previous trials, using appropriate cytokines or chemokines
and growth factors with the stem cell transplantation will
play the role of supplementary therapy and maximize the
effects of stem cell therapy [44, 104, 105]. The results of
investigations indicated that some factors like the age of the
patients and the time interval between the establishment of
injury and cell delivery in CP patients influenced the results
of cell therapy [40] Cell transplantation in young ages has
good results [64]. Concerning the transplantation time, re-
gardless of the lacking time for doing appropriate process
before cell culture, transplantation in acute phase has good
results because of the presence of chemotactic signals.

In conclusion, further investigation is needed to answer
several questions about this novice treatment and establish it
as a perfect procedure for management of CP. The emphasis of
this review is that the stem cell therapy can be considered as a
substitution for current therapeutic methods of CP which have
just limited effects on this disease and some of them may
result in dangerous reverse reactions.
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