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Abstract

Cerebral Palsy (CP) is a permanent condition indicated by a
host of complications that affect the neurologic system and
is usually diagnosed based on motor and nutritional
function, cognizance and social ability. This analysis
considered outcome measure results for GMFM-66,
GMFM-88 and PEDI from baseline to their 3-month, 6-
month, 12-month and 24-month follow-ups. According to
the combined estimates of the follow-ups, the scores of
GMFM-66 and GMFM-88 of the groups treated with SCT
showed an increase from the baseline standardized mean
difference respectively. The score for PEDI in groups treated
with SCT significantly dropped from the baseline.
Transplantation of stem cells has beneficial effects on
cerebral palsy.
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Introduction

Cerebral Palsy (CP) is a permanent neurodevelopmental
disorder affecting multiple functions of the body, including but
not restricted to movement, communication, nutrition,
understanding and judgment [1,2]. Eggenberger, et al., cite
premature births and asphyxiation during the gestation/delivery
of a baby as common complication that leads to brain damage
which may result in cerebral palsy. Multiple factors, such as
perinatal stroke, truncated infant weight, complications during
birth, gestational age, multiple births and infection, are
considered contributors to the development of cerebral palsy
[3]. The most prevalent physical handicap brought on by harm to
the still-developing brain in children is cerebral palsy. This
complicated combination of motor symptoms ranges from

moderate motor coordination failure to substantial quadriplegia
or hemiplegia [4]. Cerebral palsy is usually diagnosed based on
motor function and postural issues that may appear as early as
during the 15t year of the child and stay lifelong; these issues are
non-progressive but do alter with age [5]. These motor functions
can be evaluated using different measures.

The Gross Motor Function Measure (GMFM) is the most often
used scale for evaluating motor function in CP patients aged five
months onwards. The 88-question scale has been modified to 66
guestions. Both variants are frequently used; however, the 88-
qguestionnaire has been evaluated for other neurologic
disorders, such as Down syndrome [6]. Both GMFM outcome
measures evaluate lying and rolling, sitting, crawling and
kneeling, standing and walking and running and jumping. The
grading is based on the ability of the patient to carry out the
tasks rather than the quality of the task performed. The scores
are calculated as a percentage ranging from 0 to 100, with a
higher score denoting greater ability. The Pediatric Evaluation of
Disability Inventory (PEDI) is another outcome measure used to
evaluate CP patients. This scale assesses self-care, mobility and
social function by testing functional capabilities and
performance in children with disabilities. Higher PEDI scores
indicate better ability [7]. For each of the six categories in PEDI,
the "Minimally Important Difference" (MID) is calculated based
on physician reports. The MID ranges from 6.0 to 15.6 units and
a score change of about 11 units has been recommended as a
significant clinical difference [8].

A recent study was conducted to find the prevalence of CP;
the researchers noticed a dearth of data from lower- and
middle-income countries [9]. However, they noticed that the
overall birth prevalence (1.6 per 1000 live births) was twenty-
five percent lower from 2013 (2.1 per 1000) for the high-income
countries. Data from only six low-income countries could be
considered. Still, the results showed that the prevalence in these
countries, such as Bangladesh, was considerably higher (more
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than 3 per 1000 children). Researchers from Europe found in a
study that more than forty percent of children with CP had white
matter impairment [10]. The MRI also revealed basal ganglia
lesions, cortical/subcortical lesions, abnormalities, localized
infarcts and other lesions. The way that CP is treated has
developed over time. Traditional rehabilitation techniques,
including physical therapy, occupational therapy, speech
therapy, assistive technology, pharmaceutical intervention and
surgery like rhizotomy and neurectomy, are ineffective for
treating cerebral palsy.

The safety, efficacy and mechanism of action of stem cell
transplantation in preclinical trials have previously been
conducted [11]. Recent research suggests that stem cell therapy
may be a successful treatment for CP because of the capacity of
stem cells for multidirectional differentiation and movement.
Different important molecules secreted by stem cells, along with
mechanisms including but not limited to angio-and
neurogenesis, neuroplasticity and immunomodulation, have
been proposed as factors contributing to positive results [12].
Clinical attention has switched to using adult stem cells to
alleviate ethical or safety concerns. Adipose tissue, Bone
Marrow (BM), or stem cells generated from the umbilical cord
are the three main adult stem cell sources for treating CP [13].
As cited by [14], applying autologous cellular therapy would be a
better option; however, most CP patients don't have their
umbilical cords preserved. Hence, alternate sources of cells must
be explored.

Currently, seven clinical trials are registered with
clinicaltrials.gov under the categories of allogeneic stem cells
and cerebral palsy, out of which three are still recruiting
(Checked: 24 January 2023; Rechecked: 26 May 2023). A
systematic review and meta-analysis were previously conducted
to explore the tolerability and efficacy of stem cell
transplantation in people with cerebral palsy. The researchers
used a good time frame (1990-2019), focusing on trials using
only GMFM as an outcome measure. Even though GMFM is the
most often used scale in patients with CP, further research must
be conducted on other outcome measures. The studies were
selected using PubMed and EMBASE databases only. Most of the
articles present in EMBASE are also indexed in PubMed. Hence,
adding another database could have been considered. A study
that falls under the time frame selected under the meta-analysis
by [1] had not been included, reasons for which are unclear [15].
This study has been included in the current meta-analysis.
Another meta-analysis investigated randomized controlled trials
for the safety and efficacy of Human MSCs for patients with CP
[16]. The researchers screened articles from Embase, Cochrane
Library, PubMed, Web of Science, Chinese Clinical Trial Registry
and Clinical Trials.gov published till February 2020. Xie, et al.,
excluded non-randomized trials, case reports, cross-sectional
studies and cohort studies. However, they were included in the
current meta-analysis to get an overview of the efficacy of stem
cell transplantation in CP patients. Our meta-analysis includes at
least six studies [17-23] that have not been added in previously
published meta-analyses (n=14).

Cellular therapy is emerging as an alternative treatment
option. A simple literature search shows that there is a great
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interest in the application of stem cells for the alleviation of
conditions (symptoms) of cerebral palsy. However, due to the
complexity of this condition, different outcome measures have
been used in most of the trials that have been previously
conducted. Our meta-analysis aimed to investigate the effect of
allogeneic stem cell treatment on motor function using
GMFM-88, GMFM-66, and PEDI outcome measures in children
with CP.

Materials and Methods

Selection criteria

The studies were included if: The research article had full-text
availability in English; the study population consisted of children
diagnosed with any type of CP; the treatment included any kind
of allogeneic stem cell transplantation. The motor outcome of
the study population was assessed and reported in the GMFM
(GMFM-88 or GMFM-66) or PEDI. We included case studies,
Randomized Controlled Trials (RCTs) and controlled trials, with or
without blinded outcome assessment, that compared the
outcomes of interventions with stem cells of any type versus
standard care or no treatment at all or placebo (controls) in
people with cerebral palsy. Studies were excluded if: The data
was presented in languages other than English, the studies
presented incomplete data or data was not present in the
required form, or duplicates of the same publication.

Outcome measures

This analysis considered GMFM-66, GMFM-88 and PEDI from
baseline to subsequent follow-ups.

Search strategy

The research articles were searched following the PRISMA-
statement guidelines to perform a systematic electronic search
using PubMed, Cochrane and Science Direct databases for trials
published between 2010 and January 2023. We searched terms
like "stem cells," "cellular therapy," and "cerebral palsy" in all
the selected databases. Only human studies in English were
considered. Potential research articles were identified through
the title, keyword and abstract screening and were further
screened according to their content, keeping the inclusion and
exclusion criteria in consideration see Table 1.

Data extraction and study characteristics

Two reviewers (Shamim S and Habiba UE) screened the full-
text content of scholarly articles on cellular therapy in CP and
extracted data. The gathered data was reviewed by a third
independent investigator (Khan N). Relevant features of the
selected studies were summarized in a Table 1. These included
country of origin, population size, range of age of patients,
intervention (stem cell type, dose, route of administration) and
available follow-ups. The extracted data were analyzed (Ahmed
K).
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Table 1: Summary of characteristics of included studies.
Reference | Country Method Participants | Study Cell type Cell dose | Cell Transplant | Follow-up
groups source method (months)
Chen, et China RCT. N=33 | Age: 1-12 |Treatment | OEC 2x108 Human Stereotactic| 6
al., 2010* years old. | group cells fetal method
[15] Any type of \n=18: OEC olfactory
confirmed |and non- bulb
CcP altered
physiotherapy.
Control
group n=15
Luan, et al.,| China RCT. N=94 | Age: 0-4 Treatment | NPC 8-10 x 10 | Fetal Injection 6,12
2012 [24] years with | group cells forebrain into the
severe CP |n=45: NPC tissue fontanelle
and
rehabilitation
therapy.
Control
group
n=49: Only
rehabilitatio
n therapy
Min, et al.,| South RCT, Age: 10 Treatment | UCB, UCB was ucB 1\ 1,3and 6
2013 [14] | Korea placebo, months-10 | group rhEPO minimum 3
double- years with | n=31: x 107/kg
blind. CP pUCB, TNC. Two
N=105 EPO rhEPO
(n=33). injections
Control at a dose of
(n=32) 500 IU/kg
Kang, et South RCT, Age: 6 UCB group | UCB 1.0-7.10x | CB IV or IA 1,3and 6
al.,, 2015* | Korea placebo, months-20 | n=18. 107 TNC/kg
[25] double- years old Control
blind trial. | with CP group n=18
N=36
Huang, et | China RCT, Age: hUCB-MSC | hUCB- 4 infusions | CB 1\ 3,6,12 and
al., 2018* placebo. Between group MSCs of hUCB- 24
[26] N=54 3-12 years |n=27: SCT MSCs fixed
with any with basic dose of 5 x
type of CP | rehabilitation. 107
Control
group
n=27:
patients
received
normal
saline
(0.9% NS)
with basic
rehabilitation
Fu, et al., China Retrospecti | Age: 1 One course | hWJSC 4 or 8 x 107 | Human IT 6,12
2019* [27] ve study. month to group (n=30), hWJSCs Wharton’s
N=57 12 years double Jelly
with spastic | course
CP group
(n=27)
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Gu, etal., | China Parallel, CP patients | Treatment | Human 4 Wharton's | | 1,3,6 and 12
2020* [28] double- aged 2-12 |group: four | UCMSCs | transfusion | Jelly
blinded, years were |transfusions s. (Cell
placebo included of hUC- count:
RCT. N=39 MSCs 4.5~5.5 x
along with 107)
rehabilitation
Control
group:
Placebo
along with
rehabilitation
Min, et al.,| South 2x2 Age: 10 (A)ucB UCB and Total Cord blood | | 1,3,6 and 12
2020" [20] | Korea factorial months-6 | +EPO, (B) | erythropoie | Nucleated
(four arm) | years with | UCB tin Cell (TNC)
RCT CP +placebo number of
placebo. EPO, (C) =3 x
N=92 placebo 107/kg
UCB+EPO UCB, and
and (D) 500 IU/kg
placebo human
ucB+ recombinan
placebo t EPO (six
EPO times)
Amanat, et| Iran Randomize | Spastic CP | UCT-MSC: | UCT Treatment | UCT 1,3,6 and 12
al., 2021 d double- | patients n=36. group:
[17] blind sham- | aged: 4-14 | Control: Single-
controlled | years. Only | n=36. dose (2 x
clinical trial. | CP patients | Rehabilitati 107) cells.
N=36 with on Needle
GMFCS pricks to
level 2-5 the lower
and white back were
matter performed
lesions in in the
brain MRI sham-
were control arm
included
Sun, et al.,| US Phase 1, Age: 2-4 All hCT-MSC | Asingle UCT or | 6,12 and 24
20217 [21] RCT. N=15 | years. individuals | OR UCB dose of 2 ucB
Children received 2.5 x 107
with stem cells. cells/kg
hypertonic
CP
Hu, etal.,, | China N=5 4-10 years | All ADMSC (107 Periumbilical| | 6 and 12
2022* [18] old individuals ADMSCs/ |region of
received kg). One |the
stem cells. course of |participants’
treatment | mothers
was
defined as
3
consecutiv
e infusions.
Each
infusion
dose was
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determined
according
to the body
weight of
the
participant.
Lv, etal., China Open-label | CP patients | Treatment | NSCs NSCs (5 x | Aborted IN 1,3,6 and 24
2022 [19] RCT. N=25 | aged 3-12 |group 10%/kg) human fetal
years. (n=15) forebrain
Moderate |NSCs and tissue
to severe |rehabilitation
paralysis  |therapy.
characteriz |Control
ed by group
spastic CP | (n=10),
induced by |received
ischemic rehabilitation
hypoxia therapy
Sun, etal., | US Phase I, Age: 1-6 Allogenic CB Cell dose CB 1\ 3,6,12,24
2022" [22] open-label | years. cord blood of 22,5 x
study. Children group 107
N=15 with (n=20). cells/kg
moderate | hCT MSC based on
to severe group the pre-
spastic CP | (n=23). cryopreserv
Natural ation count
history (median
(n=25) infused cell
dose, 3.3 x
107; range,
1.8-5.2 x
107)
Zarrabi, et| Iran A multi- Ages:4to | UCB MNC | UCBMNC | Asingle CB IT 1,3,6 and 12
al., 2022 center, 14 years group dose of 5 x
[23] randomized | old with (n=36), 108 /kg
, double- spastic CP | Sham
blind, group
population- (n=36)
based
clinical
study with
sham-
control
group

Statistical data analysis

This meta-analysis used the Weighted Mean Difference
(WMD) and the Standardized Mean Difference (SMD=Baseline-
Stem Cell-treated group) to compare continuous variables
between study groups. P-values less than 0.05 and Confidence
Intervals (Cl) of 95% were considered statistically significant. The
I2 statistic was used to determine the heterogeneity of the
included studies; |2 values of 25%, 50%, and 75%-100% indicated
low, medium and high heterogeneity in the included research,
respectively. When the effects were determined to be diverse
(’%>50% and P<0.10), we employed a random-effects model for
the meta-analysis [29]; otherwise, the data were analyzed using

© Copyright iMedPub

a fixed-effects model. In this meta-analysis, we compared the
treatment group, i.e. Stem cells, and the control group (if any)
from the included studies using Jamovi version 2.3 [30] and
displayed the results on forest plots (Figures 1-3). In this
investigation, heterogeneity and risk of bias were evaluated using
the Cochrane Q test and |?> statistic, evaluating the
methodological quality using the Cochrane ROB and meta-
regression analysis and assessing publication bias with a funnel
plot, Begg's and Egger's regression tests. In addition, study
design, participant age, and the time interval between diagnosis
and intervention, which may influence heterogeneity, were
considered.
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Figure 1: Forest plots with the corresponding 95% Cls for Standardized Mean Difference (SDM) of GMFM-66 and funnel
plots for publication bias assessment.
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Figure 2: Forest plots with the corresponding 95% Cls for Standardized Mean Difference (SDM) of GMFM-88 and funnel
plots for publica ion bias assessment.
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Figure 3: Forest plots with the corresponding 95% Cls for Standardized Mean Difference (SDM) of PEDI and funnel plots
for publication bias assessment.
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Results

Search results

The search strategy identified 1129 articles from PubMed,
Cochrane and Science Direct. After reviewing the titles and
abstracts, 1101 articles were excluded as they were either not
reporting any new study and just reviewed, or they were focused
on preclinical data with animal models, had subjects who were
not cerebral palsy patients, or were replicates of the articles that
had already been considered. Twenty-eight articles were
screened for a full review. After thoroughly examining studies in
which autologous cells were transplanted, GMFM-66/GMFM-88/
PEDI was not used, or the unavailable statistical data were
excluded. Finally, fourteen articles were finalized and included in
this meta-analysis. The study selection process is illustrated in
Figure 4.

| Potentially relevant studies identified from PubMed,
Cochrane library and Science Direct (n=1129)

Tdentification

Excluded by title and abstract (n=1101):
Reviews

Animal model

Non- CPsubjects nsed

Duplicate removal

‘ Studies selected for full review (n=28) ‘

Screening

Excluded after reading full text (n=14):
Non-allogeneic studies excluded
Selected outcome forms missing

No statistical data available

Studies included for a detailed evaluation (n=14)

Inclusion

Figure 4: Schematic representation of the study model.

Characteristics of the included studies

The fourteen allogeneic studies included were conducted in
different countries; eight were from China, three were from
South Korea, and two were from Iran and the US. Eleven studies
were randomized-controlled trials, and one was a retrospective
study. Major characteristics of the included studies have been
outlined (Table 1). The studies used a variety of sources for
cellular therapy. Two studies used a combination of Umbilical
Cord Blood (UCB) and human erythropoietin; two studies used
umbilical cord blood; two studies used Umbilical Cord MSCs
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(UCMSC); a study each was conducted using Olfactory
Ensheathing Cells (OEC), Neural Progenitor Cells (NPC), human
Wharton's Jelly Stem Cells (hWJMSC), Umbilical Cord Tissue MSCs
(UCT-MSCs), Adipose-Derived MSCs (ADMSC), Neural Stem Cell
(NSC), Umbilical Corsd Blood Mononuclear Cells (UCB-MNC) and
a combination of either UCT or UCB. Various routes of
administration were employed, OECs were given stereotactically,
NPCs were injected into the fontanelle, seven studies used
intravenous administration, and three studies used intrathecal
administration. The dosage of cellular therapy given to the
patients varied greatly in each study. Some studies recorded a
fixed number of cells administered [ranging from 2 x 10° cells to 4
(5 x 107 cells)]; some studies speci ied total nucleated cells
administered by weight of the subjects (ranging from 1.0 x 107
TNC/Kg to 10 x 107 TNC/Kg) (Table 1).

The ages of the participants ranged from 0-14 years. All
participants included had been diagnosed with cerebral palsy.
The studies recorded different follow-up times; nine studies
recorded 3-month follow-ups, all studies recorded 6-month
follow-ups, ten studies recorded 12-month follow-ups and four
studies recorded 24-month follow-ups (Table 1). The initial meta-
analysis search showed that CP patients were observed using
different  assessment types that included structured
questionnaires [e.g., Modi ied Ashworth scale and CP-Quality of
Life [17]], brain scans [e.g., MRI [26]] and manual observations
recorded by researchers and guardians of the patients including
qualitative assessments using Likert scale [31]. However, only
studies with either GMFM-88, GMFM-66, or PEDI as outcome
measures were considered for this analysis.

Effects of stem cell therapy on GMFM-66 of patients
with cerebral palsy

Figure 1 shows the meta-analysis results for the score of
GMFM-66 with 3-, 6-, and 12-month follow-ups, demonstrating
that stem cell transplantation is associated with improvement of
GMFM-66 scores. It was found through meta-analysis the SMD
of GMFM-66 was statistically non-significant for cerebral
palsy with 3-, 6-, and 12-month follow-ups. According to the
forest plots, the overall effect size measured with SMD
revealed comparing the administration of the stem cells
and control group, which had shown the increment in the score
of GMFM-66 at 5% level of significance in 3-, 6-, and 12-months
follow-up as (SMD: -0.96, 95% Cl: -2.57 to 0.64, P-value:
0.240>0.05, 12: 95.95%) and (SMD: -0.86, 95% Cl: -2.01 to 0.30,
P-value: 0.147>0.05, 12:93.4%), and (SMD: -0.88, 95% Cl: -2.15 to
0.40, P-value: 0.178>0.05, 12: 94.84%) respectively. The SMDs in
all follow-ups were statistically non-significant. Still, the
observed SMDs in all included studies, along with 3-, 6-, and 12-
month follow-ups, were found to be negative (91.67%), which

9 This article is available from: https://childhood-developmental-disorders.imedpub.com/
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indicated that the increase in the score of GMFM-66 was due
to stem cell transplantation.

Effects of stem cell therapy on GMFM-88 of patients
with cerebral palsy

Figure 2 represent the results of the meta-analysis for
the score of GMFM-88 with 3-, 6-, 12, and 24-month
follow-up demonstrating that stem cell transplantation is
associated with improvement of GMFM-88 scores. According
to the forest plots, the overall effect size measured with
SMD revealed comparing the administration of the stem
cells and control group, which had shown the increment
in GMFM-88 at a 5% level of significance in 3- 6-, 12-
and 24-months follow-up as (SMD: -2.00, 95% Cl: -4.18 to
0.17, P-value: 0.071>0.05, 1%: 98.64%),(SMD: -2.36, 95% Cl:
-4.67 to -0.05, P-value: 0.045<0.05, 1%:98.94%), and (SMD:
-3.95, 95% Cl: -9.28 to 1.38, P-value: 0.146>0.05, 1%
99.20%) respectively. The SMDs in all follow-ups were
statistically non-significant. Still, the observed SMDs in all
included studies, along with 3-, 6-, 12- and 24-month follow-
ups, were negative (100%), indicating the increase in the
score of GMFM-88 due to stem cell transplantation.

Effects of stem cell therapy on PEDI of patients with
cerebral palsy

Figures 3shows the results of the meta-analysis for the PEDI
scores with 3-, 6-, and 12-month follow-ups, demonstrating that
stem cell transplantation is associated with improvement in the
score of PEDI. According to the forest plots, the overall effect
size measured with SMD revealed comparing the administration
of the stem cells and control group, which had shown a
significant increment in PEDI scores at a 5% level of significance
in 3-and 6-months follow-up as (SMD:-0.67, 95% Cl: -1.09 to

-0.25, P-value: 0.716>0.05, 12: 0%) and (SMD: -0.52, 95% Cl: -1.28
to 0.25, P-value: 0.002<0.05, 12: 89.19%) respectively. But the
overall effect size measured revealed comparing the
administration of the stem cells and control group, which had
shown the non-significant increment in PEDI scores at a 5% level
of significance in 12-month follow-up as (SMD: -0.59, 95% ClI:
-0.92 to -0.25, P-value: 0.001<0.05, 12: 86.42%). The observed
SMDs in all included studies along with 3-, 6-, and 12-months
follow-up were found to be negative (85.71%) which indicated
that the increase in PEDI scores was due to stem cells
transplantation.

Heterogeneity

Cochran's Q-test and |2 statistic was applied to measure the
heterogeneity of the true scores of the parameters: GMFM-66,
GMFM-88 and PEDI with 3-, 6-, 12- and 24-month follow-up.
According to the Q-test, the actual outcomes appeared to be
heterogeneous significantly for the score of GMFM-66 with 3-,
6-, and 12-month follow-up as (Q-test: 28.534, P-value:
0.001<0.05, tau?: 1.9209, I12: 95.95%), (Q-test: 34.537, P-value:
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0.001<0.05, tau?: 1.5989, 12: 93.4%) and (Q-test: 30.957, P-value:
0.001<0.05, tau?: 1.5907, 1%: 94.84%). Similar results can be
found in Figures 3 and 4, where the random effect model
is implemented for significant  heterogeneous true
outcomes; otherwise, the fixed effect model was used.

Risk of bias assessment

The assessment of the risk of bias is estimated through funnel
plots, Begg's, and Egger's regression tests for each forest plot of
the scores of the parameters: GMFM-66, GMFM-88, and PEDI
with 3-, 6-, and 12-month follow-up. The publication bias
analysis indicated a non-significant bias at a 5% level of
significance for GMFM-66 in all 3-, 6-, and 12-month follow-ups
as (Begg & Mazumdar test, P-value: 0.233>0.05 and Egger's
regression P-value: 0.135>0.05), (Begg & Mazumdar test, P-
value: 1.000>0.05 and Egger's regression P-value: 0.001<0.05),
(Begg & Mazumdar test, P-value: 0.233>0.05 and Egger's
regression P-value: 0.001<0.05), and (Begg & Mazumdar test, P-
value: 0.333>0.05 and Egger's regression P-value: 0.057>0.05)
respectively. Similar results for publication bias about the scores
of GMFM-88 and PEDI with 3-, 6-, and 12-month follow-ups can
be found in Figures 3 and 4.

Discussion

In this meta-analysis, we narrowed down 28 research articles
from 1129, our initial search. Out of these 28, we finally included
14 studies for the meta-analysis with 717 patients (441 cellular
therapy group, 276 control group). These studies combined case
studies, retrospective studies and controlled and uncontrolled
trials. This meta-analysis was conducted to get an overview of
the efficacy of allogeneic stem cell transplantation on the gross
motor function of CP patients using GMFM-66, GMFM-88, and
PEDI scales. The statistical significance of their scores was
measured as (P-value<0.05). The SMD of the three outcome
measures (GMFM-66, GMFM-88, and PEDI) showed statistically
non-significant but practical improvement in the treatment
group from the control group (Figures 1-3). The SMDs in all
follow-ups were found to be statistically non-significant;
nevertheless, the observed SMDs in all included studies for the
3-, 6-, and 12-month follow-up were found to be negative
(91.67%), which showed that the rise in a score of GMFM-66 was
attributable to stem cells transplantation. The observed SMDs in
all of the included studies, along with the 3-, 6-, 12-, and 24-
month follow-up for GMFM-88, were found to be negative
(100%), which suggested that the rise in the score of this
outcome measure was attributable to stem cells transplantation.
Although the SMDs in all of the follow-ups were statistically
insignificant, the observed SMDs in all included studies were
negative.

Despite this, the total effect size that was examined indicated,
when comparing the administration of stem cells to the control
group, that the control group had demonstrated a non-
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significant elevation in PEDI scores at the 5% level of significance
in 12-month follow-up as (SMD: -0.59, 95% ClI: -0.92 to -0.25, P-
value: 0.001, 0.05, I%: 86.42%). The fact that the observed SMDs
in all of the included studies and the 3-, 6-, and 12-month
follow-ups were negative showed that the rise in PEDI scores
resulted from stem cells being transplanted. This was shown to
be the case in 85.71% of the cases. Except for the 3-month
follow-up value (1=0%), there was a high heterogeneity for most
outcome measures for all follow-ups, the minimum value being
12=86.42% (the values of 12 for follow-ups of other parameters
can be seen in Figure 1-3). This reflects the diverse patient and
study characteristics and needs to be considered while
discussing the results. A contributing factor may be that the type
(mesenchymal stem cells, olfactory ensheathing cells,
erythropoietin, mononuclear cells and neural progenitor cells)
and source (adipose, fetal brain, umbilical cord, cord blood and
Wharton's Jelly) of the transplanted cells differed in the included
trials. While conducting this meta-analysis, it was noticed that
the data for control was the same in the two studies [17,23].
However, the two articles were still considered for analysis as
the cell types reported in both varied (UCT-MSC and UC MNC,
respectively).

Conclusion

Conclusively, allogeneic stem cell administration for patients
with cerebral palsy positively affects gross motor function
compared to conventional therapies and rehabilitation.

Future Recommendations

Cerebral palsy is a complex ailment that requires further
research using strategies focused on CP patients of different
GMFCS levels, especially studies including placebo controls and
other outcome measures to improve treatment options.
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