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Abstract: Spinal cord injury is a significant cause of motor dysfunctions. There is no definite cure for it, and most of the
therapeutic modalities are only symptomatic treatment. In this systematic review and meta-analysis, the effectiveness of stem
cell therapy in the treatment of the spinal cord injuries in animal models was studied and evaluated. A systematic search
through medical databases by using appropriate keywords was conducted. The relevant reports were reviewed in order to find
out cases in which inclusion and exclusion criteria had been fulfilled. Finally, 89 articles have been considered, from which 28
had sufficient data for performing statistical analyses. The findings showed a significant improvement in motor functions after
cell therapy. The outcome was strongly related to the number of transplanted cells, site of injury, chronicity of the injury, type of
the damage, and the induction of immune-suppression. According to our data, improvements in functional recovery after stem
cell therapy in the treatment of spinal cord injury in animal models was noticeable, but its outcome is strongly related to the site
of injury, number of transplanted cells, and type of transplanted cells.
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Introduction SCI [1]. There is no recognized cure for treating SCI and most

of the therapeutic modalities are focused on symptomatic re-
Spinal cord injury (SCI) is a catastrophic nervous system lief [2, 3]. Approximately 90% of patients with SCI suffer from

disorder. Unfortunately, it affects the younger population, and  long-term motor dysfunctions and the disease related com-

leads to persistent or long-term disabilities. Both mechanical
damage or an insult induced by inflammation can result in
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plications. These consequences impose substantial financial
and emotional burdens either directly or indirectly. Currently,
in most centers, pharmacotherapy has been used for treating
spinal cord injuries that has minimal impact on the functional
recovery and neuropathic pain symptoms. On the other hand,
putting the patient on multiple medications can lead to ad-
verse consequences in long term [4, 5].

Following a SCI, motor dysfunction will persist unless the
injured region is recovered. However, neurogenesis is an un-
common phenomenon in the central nervous system (CNS)
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and self-healing potentials in injured cells are extremely lim-
ited. There could be an alternative way to replenish damaged
cells following SCI: stem cell therapy.

Stem cells have a considerable ability to renew themselves
and differentiate into any desired type of cell. Their capabil-
ity to generate all kinds of cells provides an opportunity to
replenish damaged and dysfunctional cells. In this regard,
it seems that cell transplantation could be considered as a
practical alternative for treating such injuries [6-8]. Actually,
cell therapy can regenerate neural connections which in turn
leads to improved functional recovery [9]. Many researchers
are investigating the methods and procedure to improve re-
storing cell function. One of these attempts is differentiating
mesenchymal stem cells into glial cells that play an important
role in survival and function of neurons of the CNS [10, 11].

Having a comprehensive knowledge of stem cell biology is
crucial before any effort is taken in order to treat a SCI [12].
According to reports, stem cells have shown neuroprotective
and immune-modulatory properties in the CNS of animal
models. Consequently, they are presumed to be effective in
treating neurodegenerative diseases such as spinal cord inju-
ries, motor neuron diseases, Parkinson's disease, stroke, mul-
tiple sclerosis, and even peripheral diseases such as retinopa-
thy.

Although application of stem cell therapy for treating the
spinal cord injury has been widely studied [13-15], there are
some uncertainties regarding this application. Finding the
best cell source for implantation and the optimum amount of
transplanted cells are two major issues. In addition, it is not
entirely clear whether the immune-suppression is required or
not after implantation or if it is necessary to alter implanted
cells. Performing a meta-analysis may answer these questions
and many more. This study is a systematic review and meta-
analysis to assess the efficacy of stem cells in functional recov-
ery in animal models of SCI.

Materials and Methods

Search strategy

Two independent reviewers performed an extended search
in electronic databases of MEDLINE, EMBASE, ProQuest,
BIOSIS, and Scopus in order to find papers that were pub-
lished from January 2015 until the end of May 2017. This
study was based on the keywords, including “spinal cord”
or “injuries, spinal cord” or “cord injuries, spinal” or “cord
injury, spinal” or “injury, spinal cord” or “spinal cord injury”
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or “myelopathy, traumatic” or “myelopathies, traumatic” or
“traumatic myelopathies” or “traumatic myelopathy” or “spi-
nal cord transection” or “cord transection, spinal” or “cord
transections, spinal” or “spinal cord transections” or “transec-
tion, spinal cord” or “transections, “spinal cord contusion” or
“contusion, spinal cord” or “contusions, spinal cord” or “cord
contusion, spinal” or “cord contusions, spinal” or “spinal cord

» «

contusions” “stem cell transplantations” or “transplantations,
stem cell” or “transplantation, stem cell” “mesenchymal stro-
mal cells” “mesenchymal stem cell” or “bone marrow stromal
cells, multipotent” or “multipotent bone marrow stromal cells”
or “bone marrow stromal cells” or “bone marrow stromal cell”
or “Wharton jelly cells” or “cells, Wharton jelly” or “Wharton’s
jelly cells” or “cell, Wharton’s cell, neural stem” or “pluripotent
stem cells” or “iPSC” or “cells, neural stem” or “neural stem
cell” or “stem cell, neural” or “stem cells, neural” embryonic
stem cells. The articles found by using one of these keywords
or the combination of several ones. In order to avoid missing
relevant studies, reviewers chose extensive keywords. These
keywords were extracted from MeSH, EMTREE, and via
manual search in titles and abstracts of the articles. PubMed
search included MEDLINE and archived articles in PubMed
Central. For the purpose of including non-indexed reports,
we also searched Google Scholar. In addition, ProQuest
database was also meticulously searched for related disserta-
tions. In cases where the article was not available online, the
author(s) was (were) contacted directly. Finally, the reviewers
entered the gathered studies into EndNote X7 software, and
they provided a list of articles focusing on the stem cell thera-
pies, and spinal cord injuries. We used no restriction on time
for searching of studies.

Inclusion and exclusion criteria

All controlled studies evaluated stem cell effects on func-
tional recovery after spinal cord injuries were included. These
studies were in vivo on animal models (non-human), in
which compression, contusion, hemisection or transections
were used for induction of spinal cord injuries. No age, sex, or
phylum restrictions were applied. The minimum amount of
time needed for the cell therapy to be effective for functional
recovery was 3 to 4 weeks, so we considered a 4-week gap
during the follow-up period as an exclusion criterion. Sur-
veys lacking control groups (sham, saline-treated, or vehicle-
treated groups) were excluded as well. Duplicate articles were
removed using EndNote software (version X7, Thomson
Reuters, 2014). We also excluded non-extracted data studies.
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MEDLINE EMBASE ProQuest Scopus BIOSIS
n=1,298 n=602 n=317 n=41 n=12
R Articles from database searching
n=2,270
Fig. 1. Flowchart of search that was
p 2,242 Articles excluded carried out through five different electronic
databases including MEDLINE, EMBASE,
v ProQuest, BIOSIS, and Scopus. Out of
2,270 articles that were found, 28 studies
Data from 28 studies extracted were subjected to a meta-analysis that is
based on inclusion and exclusion criteria.
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Fig. 2. Location of injuries. The site of injuries in the model of spinal
cord injuries (SCIs) was primarily found to be localized at T10 level
with the highest frequency.

Two authors independently examined the title and abstract
of the articles and scrutinized the potentially eligible studies.
Full-text studies were investigated, and surveys met with the
selected inclusion criteria.

Data extraction

Blinded data extraction performed by researchers after
removing the author, journal, and organization of the studies
and recorded in a checklist. The data included animal char-
acteristics (number, recipient species), injury model details
(severity and location), cell therapy protocol (time interval
between injury and treatment, delivery route, immune-sup-
pressive agent usage and transplanted cell number). They also
contained graft type (autograft, allogeneic, or xenogeneic), fol-
low-up duration and outcome (motor function). The assessed
outcome was functional recovery. Data were recorded and
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Fig. 3. Animal model species for spinal cord injuries. The data collected
from 3,241 animals. As it is evident, the most frequent animal that was
used was rat and the lowest was rabbit.

expressed as a mean and standard error of the mean. When
the data presented in charts, data extraction method proposed
by Sistrom and Mergo [16] was applied. If outcomes were
reported in multiple stages of the survey, only the last pub-
lished figures were included. If the same population was given
multiple reports, the study with the largest sample size and the
most extended follow-up period was included. Besides pooled
effect size preparation from the finally selected studies accord-
ing to inclusion and exclusion criteria, subgroup analyses were
run for three cell types of induced pluripotent stem cell (iPSC),
mesenchymal stem cell (MSC), and neural stem cell (NSC), re-
spectively. Meanwhile, other useful data such as most popular
model, the location of injuries, animal models for spinal cord
injuries, route of cell injections, graft type, immuno-suppres-
sant applications in spinal cord injuries, models of spinal cord
injuries and stem cell type transplantation also extracted from
the selected articles and demonstrated in Figs. 1-7.
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Fig. 4. Route of cell injections. There were six different routes of cell
injections to the spinal cord. Direct injection into the spinal cord was
the most frequent method that was used. ISP, intra spinal; IV, intra
venous; CSF, cerebro-spinal fluid; ISP. INT, intra spinal. intrathecal.
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Fig. 5. Graft type. As it is obvious, allogencic graft type of stem cells
was the most common type that was performed and autograft was the
least frequent graft type.

Statistical analysis

Data were summarized and entered in the RevMan sta-
tistical software according to the corresponding mean and
standard deviation. In cases in which standard errors were
available, standard deviations calculated according to the
study sample size. For each comparison, we calculated a
standardized mean difference (SMD) with a confidence in-
terval of 95% (95% CI), and then the pooled effect size was
presented. Chi-square test was used for assessing of hetero-
geneity. A P-value of 0.1 or less considered as the existence of
heterogeneity. The fixed effect model used for homogenous
studies, and if the positive heterogeneity held, subgroup
analysis was performed to determine its source. Subgroup
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Fig. 6. Relative frequency of immuno-suppressant applications in spinal
cord injuries. According to our data, using immuno-suppressant was
not frequent in the cell transplantation after spinal cord injuries.
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Fig. 7. Models of spinal cord injuries. In comparison with other
available models, the most frequent traumatic spinal cord injury model
was contusion model which was performed in 15 experiments.

analyses were carried out based on animal sex, injury model
(contusion, compression, hemisection, transection), location
(cervical, thoracic, lumbar), and severity (moderate, severe),
an intervention phase (acute, sub-acute, chronic), delivery,
graft type (allogeneic, xenogeneic), stem cell type, number
of transplanted cells, and co-treatment use (antibiotic and/or
immune-suppressive agents).

Results

Search in electronic sources yielded 1,435 nonduplicated
studies. By screening through their titles and abstracts, we
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Fig. 8. Types of stem cell using for transplantation. Mesenchymal
stem cells were mostly used in comparison with other transplanted
cell types. NPC, neuroprogenitor cell; MSCs, mesenchymal stem cell;
NSC, neural stem cell; iPSC, induced pluripotent stem cells; OLC,
oligodendrocyte cells.
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found 129 relevant articles, from which 59 articles met the
inclusion criteria. Only 28 articles reported sufficient data to
perform a statistical test, including subgroup evaluation (Fig.
1) [2-7, 14, 15, 17-36]. Besides effect size preparation from
these 28 studies, other useful data such as the most popular
model, the location of injuries and types of stem cell also ex-
tracted from the articles and they are shown in Figs. 1-8. The
data collected from 3,241 animals. Contusion model was used
mostly for injury induction and it was performed in 15 ex-
periments. Besides pooled effect size preparation in 28 studies
in accordance with inclusion and exclusion criteria (Fig. 9),
subgroup analyses were run for three cell types of iPSC (Fig.
10), MSCs (Fig. 11), and NSCs (Fig. 12), respectively. The ef-
fect size in each forest plot presented under both fixed and
random effect models. However, due to the heterogeneity of
studies, as reported by I°, the random effect model is more
appropriate for the analysis of data in each forest plot. The
estimated effect size for the different type of injury models is
shown in Fig. 6. Experiment-induced injuries were severe in
half and moderate in the other half. The mean time interval

Weight Weight

Study Total Mean SD Total Mean SD difference SMD 95% Cl  (fixed, %) (random, %)
Mia Emgard 12 167 1.4 8 126 03 i [2.02, 5.05] 1.2 2.9
Hiromi Kumamaru 10 35 15 10 26 1.6 i [-0.34, 1.45] 3.5 3.9
Sharp KG 11 25 27 7 25 0.2 I [-0.95, 0.95] 3.1 3.8
Bao-Ling Du 34 8.8 10.4 5 1.0 1.3 ™ [-0.18, 1.73] 3.1 3.8
Motoyuki lwasaki 27 103 31 10 9.0 238 I [-0.31,1.15] 5.2 4.1
S Karimi-Abdoirezaee 60 11.2 4.6 14 9.8 2.1 : [-0.26, 0.91] 8.2 4.3
Abbaszadeh HA 12 120 1.9 8 50 1.0 I . [2.47, 5.86] 1.0 2.7
Nian-Wei Yao 36 180 39 12 9.0 27 - 243  [1.60, 3.25] 4.1 4.0
LiZ 54 142 35 18 6.4 1.6 s o 2.45 [1.78, 3.13] 6.1 4.2
X. Kang 60 119 57 12 3.7 1.0 -‘- 1.55  [0.87, 2.22] 6.2 4.2
J.B.lorgulescu 23 121 05 11 113 041 —E— 1.87  [1.01,2.73] 3.8 3.9
Zhang Chen 60 193 39 20 140 34 ‘ 1.39  [0.84,1.94] 9.2 4.3
ShifengWu 36 152 14 12 6.6 4.2 . —&=— 354 [2.55,4.53] 2.9 3.7
Zhou Zhilai 36 135 36 10 9.0 1.6 _-._ 1.34  [0.59, 2.10] 4.9 4.0
Abbaszadeh HA 16 140 27 8 50 1.6 1—s=—  3.61 [2.21, 5.02] 1.4 3.1
Zaminy Arash 20 79 25 8 41 1.8 = 1.58  [0.65, 2.52] 3.2 3.8
Houri Edalat 17 168 16 10 108 24 —— 3.02  [1.85,4.19] 2.0 3.4
F.C. Nicola 32 150 62 12 11.0 26 HE 0.72  [0.03, 1.40] 6.0 4.1
Dayong Chen 24 13.0 3.1 12 4.0 2.0 —— 3.15 [2.11, 4.19] 2.6 3.6
Wencheng Yang 30 13.0 4.1 10 5.0 2.1 -'rl— 2.1 [1.24, 2.97] 3.7 3.9
Fereshteh Mehraein 15 125 1.7 5 75 1.7 e 2.82  [1.41,4.22] 1.4 3.1
Arash Sarveazad 12 108 23 6 35 2.1 l;—I— 3.10 [1.60, 4.61] 1.2 2.9
Jinsoo Oh 11 41 24 1 29 22 = 0.50 [-0.35,1.35] 3.8 3.9
Yuriy Pomeshchik 11 42 28 11 5.1 3.7 —-= -0.26 [-1.10, 0.58] 4.0 3.9
YUSUKE JUJIMOTO 17 38 26 8 25 14 R 0.55 [-0.31, 1.40] 3.8 3.9
Takashi Amemori 11 101 1.8 9 31 14 I —=— 410 [2.43,5.77] 1.0 2.7
Satoshi Nori 21 33 09 8 22 03 —.'— 1.35  [0.46, 2.25] 3.5 3.9
[
I

Fixed effect model 708 275 0 1.45 [1.28,1.61] 100.0 -
Random effects Enodel , <> 1.75  [1.32,2.18] - 100.0
Heterogeneity : /"=84%, t"=1.039, P<0.01 4 -9 0 2 4

Fig. 9. Forest plot of stem cell therapy on motor functions without considering the type of the stem cell [2, 4-7, 14, 15, 17-29, 31-36, 38]. The
overall effect size of stem cell therapy on motor functions under both fixed (odds ratio [OR], 1.86; 95% confidence interval [CI], 1.7-2.02) and

random (OR, 4.36; 95% CI, 3.20-5.51) effect model was shown.
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Experimental Control Standardised mean Weight Weight

Study Total Mean SD Total Mean SD difference SMD 95% CI  (fixed, %) (random, %)
Jinsoo Oh 11 41 24 1M 2.9 2.2 [-0.35, 1.35] 23.9 21.3
Yuriy Pomeshchik 11 42 28 1 5.1 3.7 [-1.10, 0.58] 24.6 21.4
YUSUKE FUJIMOTO 17 3.8 2.6 8 2.5 1.4 [-0.31, 1.40] 23.7 21.3
Takashi Ametmori 11 101 1.8 9 3.1 1.4 [2.43, 5.77] 6.2 15.1
Satoshi Nori 21 3.3 0.9 8 2.2 0.3 [0.46, 2.25] 21.6 21.0
Fixed effect model 1 47 [0.32, 1.15] 100.0

Random effects model [0.03, 2.11] -- 100.0

Heterogeneity : I'=83%, t*=1.127, P<0.01

-4 -2 0 2 4

Fig. 10. Subgroup analysis of induced pluripotent stem cells (iPSC) effects on motor function [6, 7, 18, 31, 32]. The pooled effect size of induced
pluripotent stem cell therapy on motor functions shows the effectiveness of iPSC therapy on motor functions under both fixed and random effect
models. For each comparison, we calculated a standardized mean difference (SMD) with a confidence interval of 95% (95% CI), and then the
pooled effect size was presented. Chi-square test was used for assessing of heterogeneity. A P-value of 0.1 or less considered as the existence of

heterogeneity.
Experimental Control Standardised mean Weight ~ Weight
Study Total Mean SD Total Mean SD difference SMD  95%Cl (fixed, %) (random, %)
Mia Emgard 12 167 1.4 8 126 0.3 : 3.54 [2.02,5.05] 2.2 6.1
Hiromi Kumamaru 10 35 15 10 26 1.6 0.56 [-0.34, 1.45] 6.4 8.4
Sharp KG 1 25 2.7 1 25 0.2 : 0.00 [-0.95, 0.95] 5.7 8.2
Bao-Ling Du 34 8.8 10.4 5 1.0 1.3 : 0.78 [-0.18,1.73] 5.6 8.2
Motoyuki lwasaki 27 103 31 10 9.0 238 : 0.42 [-0.31,1.15] 9.5 9.0
S. Karimi-Abdolrezaee 60 11.2 4.6 14 9.8 2.1 : 0.33 [-0.26, 0.91] 15.0 9.5
Abbaszadeh HA 12 120 1.9 8 50 1.0 If —=— 4,16 [2.47, 5.86] 1.8 5.5
Nian-Wei Yao 36 18.0 3.9 12 9.0 2.7 :—.— 2.43  [1.60, 3.25] 7.5 8.6
Z. Zhilai 54 142 3.5 18 6.4 1.6 = 2.45 [1.78, 3.13] 11.3 9.2
X.W. Kang 60 119 5.7 12 3.7 1.0 -.— 1.55 [0.87, 2.22] 11.3 9.2
J.B. lorgulescu 23 121 0.5 11 11.3 041 -:-.— 1.87 [1.01,2.73] 6.9 8.5
Z.Cheng 60 193 3.9 20 14.0 34 " 1.39 [0.84,1.94] 16.8 9.6
i

Fixed effect model 399 135 ¢ 1.32  [1.09,1.54] 100.0 --
Random effects Enodel , <> 1.49 [0.91,2.08] - 100.0
Heterogeneity : /'=84%, t'=0.8384, P<0.01 4 -2 0 2 4

Fig. 11. Subgroup analysis of mesenchymal stem cell effects on motor function [2, 4, 5, 14, 17, 19, 20, 22-24, 35, 36]. The pooled effect size of
mesenchymal stem cell therapy on motor functions shows the effectiveness of mesenchymal stem cell therapy on motor functions under both fixed
and random effect models. SMD, standardized mean difference; CI, confidence interval.

Experimental Control Standardised mean Weight Weight
Study Total Mean SD Total Mean SD difference SMD  95%ClI (fixed, %) (random, %)
Shifeng Wu 36 152 1.4 12 6.6 4.2 | — 3.54 [2.55, 4.53] 9.8 10.4
Zhou Zhilai 36 135 36 10 9.0 1.6 B it 1.34 [0.59, 2.10] 16.6 11.4
Abbaszadeh HA 16 140 27 8 50 1.6 —=— 3.61 [2.21,5.02] 4.8 8.6
Zaminy Arash 20 79 25 8 41 1.8 —a- 1.58 [0.65, 2.52] 10.9 10.6
Houri Edalat 17 168 16 10 108 2.4 L. 3.02 [1.85,4.19] 6.9 9.6
F.C. Nicola 32 150 62 12 110 26 1o 0.72 [0.03, 1.40] 20.5 1.7
Dayong Chen 24 13.0 31 12 40 2.0 L 3.15  [2.11,4.19] 8.8 10.2
Wencheng Yang 30 13.0 41 10 50 241 - 211 [1.24,2.97] 12.7 10.9
Fereshteh Mehraein 15 125 1.7 5 75 1.7 —E— 2.82 [1.41,4.22] 4.8 8.5
Arash Sarveazad 12 108 23 6 35 21 +—=— 310 [1.60, 4.61] 4.2 8.1

1

Fixed effect model 238 93 S 2.08 [1.77,2.39] 100.0 -
Random effects Enodel , < 2.41  [1.72,3.11] - 100.0
Heterogeneity : I'=79%, t'=0.9491, P<0.01

-4 -2 0 2 4

Fig. 12. Subgroup analysis of neural stem cells effects on motor function [3, 14, 15, 25-29, 34, 36]. The pooled effect size of neural stem cell
therapy on motor functions shows the effectiveness of neural stem cell therapy on motor functions under both fixed and random effect model.
SMD, standardized mean difference; CI, confidence interval.
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between injury and treatment was 9.1+12.6 days (ranged
from 1 to 63 days). In 19 experiments, transplantation was
performed right after injury induction (acute phase), in six
procedures were 3-10 days apart (sub-acute phase), and in 3
this gap was equal to or more than 2 weeks (chronic phase).
The number of transplanted cells ranged from 1x10” to 4x10’
cells per kilogram of the animal’s body weight. Mesenchymal
stem cells were used in 12 studies. Meanwhile, neural stem
cells and induced pluripotent stem cells were applied in eleven
and five studies, respectively. The effects of each administered
cell type subgroup on motor functions have been demon-
strated in Figs. 3, 4, and 5, respectively. The most prominent
effect belonged to neural stem cells (fixed effect model, 5.84;
95% CI, 5.24-6.40) followed by induced pluripotent stem cells
(fixed effect model, 1.53; 95% CI, 1.14-1.92) and mesenchy-
mal stem cells (fixed effect model, 1.51; 95% CI, 1.33-1.70).
Findings showed better functional recovery where more than
3x10° cell dose/kg was transplanted (SMD, 4.78; 95% CI,
4.43-4.95) compared to lower doses injection (SMD, 1.94;
95% CI, 1.67-2.12). Motor function recovery improved to a
greater extent when cells were transplanted in acute (SMD,
4.52; 95% CI, 4.36-4.64) or sub-acute (SMD, 3.38; 95% CI,
3.08-4.67) phases compared to the chronic phase (SMD, 1.804;
95% CI, 1.07-2.60; P=0.01). Immuno-suppressive administra-
tion led to lower efficacies (SMD, 1.87; 95% CI, 1.57-2.28).
Motor function recovery found to be lower when the cells
were transplanted in the cervical injuries (SMD, 2.54; 95% CI,
2.16-3.04) compared to thoracic injuries (SMD, 4.55; 95% CI,
428-4.75).

Discussion

In this study, we presented a precise systematic analysis of
the recent reports on animal studies and described treatments
based on stem cell therapies in the SCI by using standard
methods. In this study, the quality, design and methodological
characteristics of the published articles were scrutinized.

The Basso, Beattie and Bresnahan locomotor rating scale
test applied in 54% of the animals. Improvement in motor
outcome appeared to be under influence of several factors
related to the treatment and the lesion. It is also dependent to
the biological characteristics of the stem cells. For instance,
neural stem cells led to a significantly more prominent re-
sponse. It seems this type of stem cell could be considered as
the primary source of cells for stem cell therapy in the future.
Furthermore, the time of administration was also a crucial
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factor. The cells with more neuroprotective features seem
more efficient when applied earlier and those with the neu-
roregenerative effect could be more efficient when they apply
later. Motor function recovery improved to a greater extent
when cells were transplanted in acute phase as compared to
the chronic phase. Regarding the application of immune-sup-
pressant in the spinal cord injury, we found that there are few
reports focusing on the role of immunomodulation in stem
cell therapy. In a systematic review about stem cell therapy
in focal cerebral ischemia, prescription of cyclosporine was
correlated with increased efficacy [37, 38]. This suggests that
the use of immune-suppressant for increasing the survival
of transplanted cells has some degrees of value and worsts a
thorough investigation. In this point, more data is required
for judging about the effects of immunosuppression.

In general, allogeneic stem cell increased motor outcome
after spinal cord injuries by approximately 32%. In studies
related to motor outcomes, a considerably more significant
effect was seen when cells were delivered for thoracic injuries,
rather than for cervical insults; suggesting that either local
changes may mediate the impacts of stem cells or local im-
plantation makes an extra injury that conceals the advantage
provided by the stem cells. Some univariate analyses, multi-
variate meta-regression or stepwise partitioning of heteroge-
neity must be provided which cast light on this matter.

We believe that stem cell therapy may still be the best treat-
ment option for other diseases such as multiple sclerosis as
the recent meta-analysis showed that the regulatory T cell
number does not explain any differences between multiple
sclerosis patients and controls [39].

There are many other proposed therapies for spinal cord
injuries [36, 40, 41]. In this study, we did not run meta-
analyses related to combination of stem cell therapy and other
drugs or non-drug therapies. Such analyses are feasible when
stem cell therapy is investigated more and when we — hope-
fully — have a better understanding about all aspects of spinal
cord injuries.

Although, based on overall size effects, stem cell therapy
is an effective treatment method for SCI, the degree of this
success is dependent on factors such as the number and type
of the transplanted cells and the phase of the injury (acute or
chronic). Transplantation of autograft cells is more effective
than other types of the cell preparations. Moreover, compres-
sion injuries were better resolved than a contusion and hemi-
sectioned injuries. The race of the animal has a minor effect.
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