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Abstract *Correspondence to:
Li Zhang, M.D.,

OBJECTIVE: The aim of this study was to evaluate the effectiveness and safety of stem cell transplantation ZhangLiL626@163.com.

for spinal cord injury (SCI).
DATA SOURCES: PubMed, EMBASE, Cochrane, China National Knowledge Infrastructure, China Science ...

and Technology Journal, Wanfang, and SinoMed databases were systematically searched by computer to 100" 1005 1034 1821
select clinical randomized controlled trials using stem cell transplantation to treat SCI, published between ;7 ang)

each database initiation and July 2016.

DATA SELECTION: Randomized controlled trials comparing stem cell transplantation with rehabilitation
treatment for patients with SCI. Inclusion criteria: (1) Patients with SCI diagnosed according to the Amer-
ican Spinal Injury Association (ASIA) International standards for neurological classification of SCI; (2)
patients with SCI who received only stem cell transplantation therapy or stem cell transplantation combined
with rehabilitation therapy; (3) one or more of the following outcomes reported: outcomes concerning neu-
rological function including sensory function and locomotor function, activities of daily living, urination
functions, and severity of SCI or adverse effects. Studies comprising patients with complications, without
full-text, and preclinical animal models were excluded. Quality of the included studies was evaluated using
the Cochrane risk of bias assessment tool and RevMan V5.3 software, provided by the Cochrane Collabora-
tion, was used to perform statistical analysis.

OUTCOME MEASURES: ASIA motor score, ASIA light touch score, ASIA pinprick score, ASIA impair-
ment scale grading improvement rate, activities of daily living score, residual urine volume, and adverse
events.

RESULTS: Ten studies comprising 377 patients were included in the analysis and the overall risk of bias
was relatively low level. Four studies did not detail how random sequences were generated, two studies did
not clearly state the blinding outcome assessment, two studies lacked blinding outcome assessment, one
study lacked follow-up information, and four studies carried out selective reporting. Compared with reha-
bilitation therapy, stem cell transplantation significantly increased the lower limb light touch score (odds
ratio (OR) = 3.43, 95% confidence interval (CI): 0.01 - 6.86, P = 0.05), lower limb pinprick score (OR = 3.93,
95%CI: 0.74 - 7.12, P = 0.02), ASI grading rate (relative risk (RR) = 2.95, 95%CI: 1.64 - 5.29, P = 0.0003),
and notably reduced residual urine volume (OR = -8.10, 95%CI: -15.09 to -1.10, P = 0.02). However, stem
cell transplantation did not significantly improve motor score (OR = 1.89, 95%CI: -0.25 to 4.03, P = 0.08) or
activities of daily living score (OR = 1.12, 95%CI: -1.17 to 4.04, P = 0.45). Furthermore, stem cell transplan-
tation caused a high rate of mild adverse effects (RR = 14.49, 95%CI: 5.34 - 34.08, P < 0.00001); however,
these were alleviated in a short time.

CONCLUSION: Stem cell transplantation was determined to be an efficient and safe treatment for SCI
and simultaneously improved sensory and bladder functions. Although associated minor and temporary
adverse effects were observed with transplanted stem cells, spinal cord repair and axon remyelination were
apparent. More randomized controlled trials with larger sample sizes and longer follow-up times are needed
to further validate the effectiveness of stem cell transplantation in the treatment of SCI.
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Introduction US and 10-30 per million in Europe (Wyndaele and Wyn-
Spinal cord injury (SCI) is a highly debilitating disease daele, 2006; Hyun and Kim, 2010). Worldwide, there are
caused by trauma, resulting in dyskinesia, sensory distur- ~ more than 200 million people living with sequelae after SCI,
bance, dysreflexia, and sphincter dysfunction. Presently, the  including paralysis, locomotor and sensory dysfunction, uri-
incidence of SCI is approximately 27-83 per million in the  nary incontinence, and gastrointestinal dysfunction, which
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seriously impact patient quality of life and pose a substantial
burden on the patient’s family, society, and the healthcare
system (Baaj et al., 2010; Cao et al., 2011; Post and van Leeu-
wen, 2012; Nowrouzi et al., 2016). Thus, development of a
therapy to cure SCI is urgent.

The pathological reactions of SCI are complicated and
comprise two phases: the primary injury phase and sec-
ondary injury phase (Kramer et al., 2013; Pannek et al.,
2016). Primary injury is caused by mechanical compres-
sion and contusion from the fractured and dislocated bone
fragments and discs around the spinal cord (Rowland et al.,
2008), resulting in ischemia, spinal cord swelling, neuronal
damage, axon disruption, and membrane rupture (Mc-
Donald and Sadowsky, 2002; Becker and McDonald, 2012).
The secondary injury phase is a series of cascade reactions
containing ischemia, electrolyte imbalance, inflammation,
excitotoxicity, oxidative stress, necrosis, and apoptosis (Be-
attie et al., 2002; Donnelly and Popovich, 2008; Genovese
and Cuzzocrea, 2008; Rowland et al., 2008). Both primary
and secondary injuries lead to extensive tissue destruction,
axonotmesis, demyelination, Wallerian degeneration, sy-
ringomyelia, and glial scar formation, which are difficult
to cure and achieve a good rehabilitation outcome (Ung et
al., 2010; Min et al., 2011). Many therapies are applied in
the clinical treatment of SCI, including surgery, drugs, and
functional training; however none of these are optimal.
Stem cell transplantation aims to bridge cysts and cavities,
replace dead cells, and to create a favorable environment
for axon regeneration and remyelination, and has become
a promising treatment for SCI (Thuret et al., 2006).

Stem cell transplantation has been proven to effectively
restore the spinal cord by regenerating and remyelinating
damaged axons and improving locomotion and sensation
in many preclinical SCI rat studies (Cao et al., 2010; Er-
ceg et al., 2010; Volarevic et al., 2013; Wu et al., 2015; Ide
and Kanekiyo, 2016). The transplanted stem cells are able
to survive, differentiate, integrate, and restore damaged
tissues, leading to prominent improvement of locomotor
function of SCI rats (Mothe and Tator, 2008; Parr et al.,
2008; Moreno-Manzano et al., 2009; Erceg et al., 2010; Ruff
et al., 2012; Zhang et al.,, 2016). Furthermore, transplanted
stem cells are regarded as neuroprotective as they secrete
various neurotrophic factors and inhibit apoptosis to pro-
vide support to damaged neurons and axons, eventually im-
proving sensory function and locomotor function (Sasaki et
al., 2009; Kim et al., 2010). Transplanted stem cells are able
to self-renew and proliferate within the host and migrate
along the host’s central nervous system to the lesion site.
Here, they differentiate into oligodendrocytes, astrocytes,
and neurons to secrete many neurotrophic factors that
support axonal regeneration and cell survival and restore
syringomyelia caused by necrosis and apoptosis of neurons
(Sasaki et al., 2009; Kim et al., 2010; Sandner et al., 2012).
Some techniques are commonly used to perform transplan-
tation, such as localized-lesion transplantation, intravenous
injection, and subarachnoid injection. Localized-lesion
transplantation is the first approach to transplant cells into
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animals with SCI and has a higher transplantation efficiency
and enhanced rehabilitation compared with intravenous
injection (Vaquero et al., 2006). However, this approach
is not suitable for human SCI patients as it may result in
secondary injury, spinal cord tract damage, and infection.
Intravenous injection is a more convenient way to trans-
plant cells, however the transplanted cells cannot traverse
the blood-spinal cord barrier to reach the lesion and repair
the injured spinal cord. Although the blood-spinal cord
barrier is destroyed temporarily after SCI, providing a time
window of about 7 days for transplantation (Maikos and
Shreiber, 2007), most SCI patients receiving a stem cell
transplantation are affected by chronic SCI (Keirstead et al.,
2005, Takeuchi et al., 2007). With a higher transplantation
efficiency, subarachnoid injection enables transplanted cells
to migrate to the lesion site more easily to promote func-
tional recovery in the SCI rats (Ohta et al., 2004, Bakshi
et al., 2006); although this approach may lead to cerebro-
spinal fluid leakage and cause headache. To date however,
it remains unknown whether stem cells transplanted into
humans with SCI have the same effect on regeneration and
functional recovery as in rats, and whether they result in
any adverse effects in the host, such as tumors, infection,
immune reaction, or even death.

To evaluate the effects and safety of stem cell transplanta-
tion on SCI patients, the present study reviewed randomized
controlled trials on stem cell transplantation in the treatment
of SCI by evaluating outcomes including the American Spi-
nal Injury Association (ASIA) motor score, ASIA light touch
score, ASIA pinprick score, ASIA impairment scale (AIS)
grading improvement rate, activities of daily living (ADL)
score, residual urine volume, and adverse events.

Data and Methods

Protocol and registration

This meta-analysis was reported in accordance with the
Preferred Reporting Items for Systematic Review and Meta
Analysis (PRISMA) (Liberati et al., 2009) and was registered
in the International Prospective Register of Systematic Re-
views (No. CRD42016043140).

Search strategy

PubMed, EMBASE, Cochrane, China National Knowledge
Infrastructure, China Science and Technology Journal, Wan-
fang, and SinoMed databases were systematically searched to
select relevant studies published between database initiations
and July 2016, without language restrictions. Medical subject
headings, such as stem cell transplantation, cell transplanta-
tion, mesenchymal stromal cells, neural stem cells, human
embryonic stem cells, cord blood stem cell transplantation,
induced pluripotent stem cells, paraplegia, spinal cord inju-
ries, and free words were applied to search related references
with the restriction of human randomized controlled trials.
All potentially eligible studies were reviewed and a manual
search was performed using reference lists of critical refer-
ences. The retrieval details from PubMed, EMBASE, and
Cochrane are presented in Table 1.
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Inclusion and exclusion criteria

Inclusion criteria

All studies comprised: (1) randomized controlled trials of
patients with SCI; (2) patients with SCI diagnosed according
to ASIA International standards for neurological classifica-
tion of SCI (Kirshblum et al,, 2011), including those that had
undergone operations due to different disease conditions
before stem cell transplantation; (3) patients with SCI that
received only stem cell transplantation or stem cell trans-
plantation combined with rehabilitation; (4) one or more of
the following reported outcomes: outcomes concerning neu-
rological function, including sensory function and locomo-
tor function, ADL, urination function, and severity of SCI or
adverse effects.

Exclusion criteria

Studies meeting any of the following criteria were excluded:
(1) SCI patients with complications such as anemia, diabe-
tes, or pneumonia; (2) full-text unavailable; (3) non-human
studies.

Study selection, data extraction and extracted data

Study titles and abstracts were reviewed by two independent
investigators (XF and JZW) to decide if they satisfied the in-
clusion criteria and the full-text of the included studies was
searched for further analysis.

Data were extracted by the same two independent investi-
gators (XF and JZW) and disagreements were resolved by a
third investigator (LZ).

Researchers from the present study extracted the following
data from each selected study: authors; study groups; partic-
ipant age; gender ratio; cell type; treatment strategy; trans-
plantation method; and relative outcome measurements,
including ASIA motor score, ASIA light score, and ASIA
pinprick score; residual urine volume; ADL score; AIS grad-
ing improvement rate; and incidence of adverse effects.

Literature quality evaluation

Quality of the included studies was evaluated by two in-
dependent investigators (XF and JZW) according to the
Cochrane risk of bias assessment tool (Armijo-Olivo et al.,
2012) concerning: random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
selective reporting, and other bias. Any disagreement re-
garding data during extraction and analysis was discussed
and resolved by the third investigator (LZ).

Outcome indicators

In the present meta-analysis, outcome indicators included
ASIA motor score, light touch score, pinprick score, AIS
grading improvement rate, ADL score, residual urine vol-
ume, and adverse events.

Statistical analysis
Using the RevMan V5.3 software (Cochrane Collaboration,
Copenhagen, Denmark) provided by the Cochrane Collab-

oration, the present study analyzed the ASIA motor score,
light touch score, pinprick score, ADL score, and residual
urine volume as continuous variables with mean difference
and odds ratio (OR) corresponding to 95% confidence in-
terval (CI). For analysis of the AIS grading rate and adverse
effects rate, an overall relative risk (RR) with corresponding
95%CI was calculated. The I’ index and Cochrane Q test
were employed to evaluate statistical heterogeneity in these
estimates. With values of I’ > 75% (Higgins et al., 2003) and
P < 0.1, there was statistical heterogeneity between different
studies and the random-effects model was used, otherwise
the fixed-effects model was employed.

Results

Study selection

A total of 238 studies were initially identified following data-
base searching. Among them, 10 studies (Xie et al., 2007; Cui
etal., 2009; Fang et al., 2011; Guo et al., 2012; Li, 2012; Dai et
al,, 2013; Cheng et al., 2014; Guo, 2014; Xiao, 2014; Zhang et
al., 2015) published between 2007 and 2015 comprising 377
patients were included in this final meta-analysis (Figure 1).

Study characteristics

All 10 selected studies were performed in China and had
a sample sizes ranging from 24 to 80 participants, with 3
studies published in English (Xie et al., 2007; Dai et al., 2013;
Cheng et al.,, 2014). In most studies, patients suffered from
chronic SCI, except in one study (Xiao, 2014) in which stem
cells were transplanted into patients with acute SCI. All
studies regarded rehabilitation therapy as the control group
and the number of studies using umbilical cord-derived
mesenchymal stem cells (Guo et al.,, 2012; Li, 2012; Cheng
et al., 2014; Zhang et al., 2015) and bone marrow-derived
mesenchymal stem cells for transplantation was five (Xie et
al., 2007; Fang et al., 2011; Dai et al., 2013; Guo, 2014; Xiao,
2014). Only one study (Cui et al., 2009) transplanted mono-
nuclear cells into the SCI patients. Six studies (Fang et al.,
2011; Guo et al.,, 2012; Dai et al., 2013; Cheng et al., 2014;
Xiao, 2014; Zhang et al., 2015) employed subarachnoid in-
jection to transplant the stem cells, three studies (Xie et al.,
2007; Cui et al., 2009; Li, 2012) employed both intravenous
injection and subarachnoid injection, and one study (Guo,
2014) did not describe the transplantation method clearly.
Trial follow-up periods ranged from 120 days to 12 months.
In terms of outcome measurements, all 10 studies reported
ASIA motor score (Xie et al., 2007; Cui et al., 2009; Fang et
al,, 2011; Guo et al., 2012; Li, 2012; Dai et al., 2013; Cheng
et al., 2014; Guo, 2014; Xiao, 2014; Zhang et al., 2015); five
studies reported ASIA light touch and pinprick score (Fang
et al., 2011; Li, 2012; Dai et al., 2013; Guo, 2014; Zhang et
al., 2015); six studies reported ADL score (Xie et al., 2007;
Cui et al,, 2009; Guo et al., 2012; Li, 2012; Cheng et al., 2014;
Guo, 2014); five studies reported residual urine volume (Xie
et al,, 2007; Cui et al., 2009; Fang et al., 2011; Dai et al., 2013;
Cheng et al., 2014); six studies evaluated AIS grading before
and after intervention (Xie et al., 2007; Cui et al., 2009; Fang
et al., 2011; Li, 2012; Dai et al., 2013; Zhang et al., 2015);

817



Fan et al. / Neural Regeneration Research. 2017;12(5):815-825.

Table 1 Detailed trial search strategy in PubMed

Number of
Procedure Search strategy articles
#1 Search “Spinal Cord Injuries”[Mesh] 41,171
#2 Search “Spinal Cord Trauma OR “Cord Trauma, Spinal” OR “Cord Traumas, Spinal” OR “Spinal Cord Traumas” OR 62,873

“Trauma, Spinal Cord” OR “Traumas, Spinal Cord” OR “Injuries, Spinal Cord” OR “Cord Injuries, Spinal” OR “Cord
Injury, Spinal” OR “Injury, Spinal Cord” OR “Spinal Cord Injury” OR “Myelopathy, Traumatic” OR “Myelopathies,
Traumatic” OR “Traumatic Myelopathies” OR “Traumatic Myelopathy” OR “Spinal Cord Transection” OR “Cord
Transection, Spinal” OR “Cord Transections, Spinal” OR “Spinal Cord Transections” OR “Transection, Spinal Cord”
OR “Transections, Spinal Cord” OR “Spinal Cord Laceration” OR “Cord Laceration, Spinal” OR “Cord Lacerations,
Spinal” OR “Laceration, Spinal Cord” OR “Lacerations, Spinal Cord” OR “Spinal Cord Lacerations” OR “Post-
Traumatic Myelopathy” OR “Myelopathies, Post-Traumatic” OR “Myelopathy, Post-Traumatic” OR “Post Traumatic
Myelopathy” OR “Post-Traumatic Myelopathies” OR “Spinal Cord Contusion” OR “Contusion, Spinal Cord” OR
“Contusions, Spinal Cord” OR “Cord Contusion, Spinal” OR “Cord Contusions, Spinal” OR “Spinal Cord Contusions”

#3 Search #1 OR #2 62,873
#4 Search “Paraplegia’[Mesh] 12,307
#5 Search “Paraplegias, Spinal” OR “Spinal Paraplegia” OR “Spinal Paraplegias” OR “Paraplegia, Flaccid” OR “Flaccid 19,793

Paraplegia” OR “Flaccid Paraplegias” OR “Paraplegias, Flaccid” OR “Paraplegia, Spastic” OR “Paraplegias, Spastic” OR
“Spastic Paraplegias” OR “Spastic Paraplegia” OR “Paraplegia, Ataxic” OR “Ataxic Paraplegia” OR “Ataxic Paraplegias”
OR “Paraplegias, Ataxic” OR “Paraplegia, Cerebral” OR “Cerebral Paraplegia” OR “Cerebral Paraplegias” OR

“Paraplegias, Cerebral”

#6 Search #4 OR #5 19,793
#7 Search “Stem Cell Transplantation”[Mesh] 62,846
#8 Search “Stem Cell Transplantations” OR “Transplantations, Stem Cell” OR “Transplantation, Stem Cell” 96,458
#9 Search #7 OR #8 96,458
#10 Search “Cell Transplantation”[Mesh] 76,867
#11 Search “Transplantation, Cell” 223,994
#12 Search #10 OR #11 233,994
#13 Search “Mesenchymal Stromal Cells”[Mesh] 22,642
#14 Search “Mesenchymal Stem Cell” OR “Bone Marrow Stromal Cells, Multipotent” OR “Multipotent Bone Marrow 51,846

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 Jelly” OR “Cells, Wharton’s Jelly” OR “Jelly Cell,
Whartons” OR “Wharton’s Jelly Cell” OR “Whartons Jelly Cells”

#15 Search #13 OR #14 51,846

#16 Search “Neural Stem Cells”[Mesh] 5,977

#17 Search “Cell, Neural Stem” OR “Cells, Neural Stem” OR “Neural Stem Cell” OR “Stem Cell, Neural” OR “Stem Cells, 24,719
Neural”

#18 Search #16 OR #17 24,719

#19 Search “Human Embryonic Stem Cells”[Mesh] 231

and nine studies reported some mild adverse effects, such as
fever, headache, pain, numbness, and abdominal distension;
that were alleviated spontaneously or by treatments after in-
tervention (Xie et al., 2007; Cui et al., 2009; Fang et al., 2011;
Li, 2012; Dai et al., 2013; Cheng et al., 2014; Guo, 2014; Xiao,
2014; Zhang et al., 2015) (Table 2).

Risk of bias

The overall risk of bias of the 10 included trials was relatively
low-level. Four studies did not detail how they generated
random sequence (Fang et al., 2011; Guo et al., 2012; Dai et
al,, 2013; Cheng et al., 2014) and one study generated ran-
dom sequence improperly (Zhang et al., 2015).

None of the studies provided information about alloca-
tion concealment, therefore the selection bias was unclear.
Although blinding of participants and personnel was not
mentioned in all included trials, the outcomes were unlikely
to be affected by not implementing blinding because stem
cell transplantation is a surgical treatment that cannot be
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performed with this approach, therefore performance bias
was low risk.

Two studies did not state the blinding of outcome as-
sessment clearly (Guo et al., 2012, 2014) and another two
studies lacked blinding of outcome assessment (Xiao,
2014; Zhang et al., 2015). One study lacked follow-up
information (Guo et al., 2012) and four studies made se-
lective reporting (Fang et al., 2011; Guo et al., 2012, 2014;
Xiao, 2014). No other bias was observed in these trials.
Details of the methodological assessment domain are pre-
sented in Figure 2.

Results of meta-analysis

ASIA motor score

Pooled analysis of the 10 studies indicated that stem cell
transplantation did not significantly improve motor score
compared with rehabilitation therapy, without heterogeneity
(P = 0.39, I’ = 5%). The overall change of ASIA motor score
was 1.89 (95%CI: -0.25 to 4.03) (Figure 3).
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Studies were identified through Studies were identified through searching
searching PubMed, EMBASE, and China National Knowledge Infrastructure, VIP,
Cochrane databases (n = 114) Wanfang, and SinoMed databases (n = 124)

\ 4

Studies were excluded according to the following

reasons (n = 169):
(1) Animal experiments (n = 88)
(2) Ineligible study design such as review, case,

protocols, or news (n = 43)
(3) Irrelevant to stem cells transplantation (n = 38)

Full-text articles were excluded according to the following
reasons (n = 33):

(1) Not randomized controlled trial studies (n = 27)

(2) Conference abstract supersede by publication (n = 1)
(3) A comparison of two ways of transplantation (n = 1)
(4) Not use stem cells alone (n = 1)

(5) No detailed data of outcomes (n = 3)

- Studies were identified by
2 searching databases (n = 238)
g
z \
i)
Duplicates were removed (n = 25)
2 A
c
g Studies were screened (n = 212)
®
> \ A
fg, Full-text articles were assessed for eligibility (n = 43)
w
o A
S
(_3) Studies were included in qualitative synthesis (n = 10)
C

Figure 1 Study selection process.

AISA light touch score

Pooled analysis of five studies (Fang et al., 2011; Li, 2012;
Dai et al., 2013; Guo, 2014; Zhang et al., 2015) to assess ASIA
light touch score after intervention, showed a significantly
higher score in the stem cell transplantation group compared
with the control group. The overall change of ASIA light
touch score was 3.43 (95%CI: 0.01-6.86, P = 0.05) without
heterogeneity (P = 0.57, I = 0%) (Figure 4).

ASIA pinprick score

Pooled analysis of five studies (Fang et al., 2011; Li, 2012;
Dai et al., 2013; Guo, 2014; Zhang et al., 2015) to assess ASIA
pinprick score after intervention, showed a significantly
higher score in the stem cell transplantation group compared
with the control group. The overall change of ASIA pinprick
score was 3.93 (95%CI: 0.74-7.12, P = 0.02) without hetero-
geneity (P = 0.56, I' = 0%) (Figure 5).

AIS grading improvement rate
Pooled analysis of six studies (Xie et al., 2007; Cui et al.,
2009; Fang et al., 2011; Li, 2012; Dai et al., 2013; Zhang et al.,

2015) to assess the AIS grading improvement rate, showed

a higher improvement rate in the stem cell transplantation
group compared with the control group. Using a fixed-effects
model, the overall change of AIS grading improvement rate
was 2.95 (95%CI: 1.64-5.29, P = 0.0003) with low heteroge-
neity (P = 0.21, I’ = 30%) (Figure 6).

ADL score

Pooled analysis of six studies (Xie et al., 2007; Cui et al.,
2009; Guo et al.,, 2012; Li, 2012; Cheng et al., 2014; Guo,
2014) to assess the ADL score, showed an insignificantly
higher score in the stem cell transplantation group com-
pared with the control group. Using a fixed-effects model,
the overall change of ADL score was 1.12 (95%CI: —=1.79 to
4.03, P = 0.45) without heterogeneity (P = 0.36, I = 9%),
indicating that there was no statistical difference in ADL
score between stem cell transplantation and rehabilitation
therapy (Figure 7).

Residual urine volume
Pooled analysis of five studies (Xie et al., 2007; Cui et al.,
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Table 2 Characteristics of included studies in the meta-analysis

Gender Cell Way of
Author (male/female) Age (year) Treatment strain transplantation Outcomes Adverse events
Xie et al. (2007)
Trial (n = 11) 9/2 18—49 R+SCT  BMMSCs Intravenous ASIA sensation score; ASIA Fever (n = 7); headache
injection/ motor score; ADL; residual (n = 2); abdominal
subarachnoid urine volume; AIS grading distention (n = 1);
injection numbness (1 = 1)
Control (n=13) 1¢/3 21-53 R None
Cui et al. (2009)
Trial (n = 16) 12/4 17-45 R+ SCT MNCs Intravenous AIS grading; ASIA motor  Fever (n = 9); headache
injection/ score; ASIA sensation score; (n = 4); abdominal
subarachnoid residual urine volume; distention (n = 1);
injection ADL; the average recovery numbness (n=1)
time of spontaneous
voiding bladder
Control (n=18) 14/4 18-45 R
Fang et al. (2011)
Trial (n = 14) 13/1 28-74 R+ SCT BMMSCs Subarachnoid AIS grading; ASIA motor ~ Fever (n = 2)
injection score; ASIA light touch
score; ASIA pinprick score;
residual urine volume; the
average recovery time of
spontaneous voiding bladder
Control (n=17) 16/1 31-78 R None
Guo et al. (2012)
Trial (n = 12) 11/1 Average29 R+ SCT UCMSCs Subarachnoid AISA sensation score; AISA None
injection motor score; ADL
Control (n=12) 10/2 Average 31 R
Lietal. (2012)
Trial (n = 15) 12/3 37.36£11.10 R+ SCT UCMSCs Intravenous AIS grading; ASIA motor Fever (n = 2); headache
injection/ score; ASIA light touch score; (1 = 4); backache (n = 3)
Subarachnoid ASIA pinprick score; ADL;
injection SEP; MNCYV; SCV; EMG
Control (n=15) 10/5 37.67+11.80 R None
Dai et al. (2013)
Trial (n = 20) 14/6 34.70+£8.90 R+SCT  BMMSCs Subarachnoid AIS grading; ASIA motor ~ Fever (n = 2); headache
injection score; ASIA light touch (n =1); pain and
score; ASIA pinprick score; numbness (n = 2)
residual urine volume; EMG;
PSSEP; MRI
Control (n=20) 14/6 35.10+8.00 R None
Guo et al. (2014)
Trial (n = 40) 30/10 37.25+1.96 R+ SCT BMMSCs Unknown AIS grading; ASIA motor  Fever (n=1)
score; ASIA light touch
score; ASIA pin prick score;
ADL
Control (n =40) 33/7 36.37+1.88 R None
Xiao et al. (2014)
Trial (n = 35) 23/12 42.80+10.20 R+ SCT BMMSCs Subarachnoid ASIA sensation score; ASIA Fever (n = 3)
injection motor score
Control (n=29) 19/10 41.40+10.50 R None
Cheng et al. (2014)
Trial (n = 10) Unknown 35.25#8.96 R+ SCT  UCMSCs Subarachnoid ASIA sensation score; ASIA Radiating neuralgia
injection motor score; muscle tension (n=1)
scale; ADL; urodynamic
examination
Control (n =10) R None
Zhang et al. (2015)
Trial (n=15)  11/4 35.504£8.30 R+ SCT  UCMSCs Subarachnoid AIS grading; ASIA motor  Fever (n = 7); headache
injection score; ASIA light touch (n = 2); numbness
score; ASIA pinprick score (1 =4)
Control (n=15) 11/4 35.70+£8.30 R None

R: Rehabilitation; SCT: stem cell transplantation; UCMSCs: umbilical cord-derived mesenchymal stem cells; BMMSCs: bone marrow-derived mesenchymal
stem cells; MNC: mononuclear cells; ASIA: American Spinal Injury Association; AIS: American Spinal Injury Association impairment scale; ADL: activities
of daily living; EMG: electromyogram; PSSEP: paraspinal somatosensory evoked potential; MRI: magnetic resonance imaging; SEP: somatosensory evoked
potential; MNCV: motor nerve conduction velocity; SCV: sensory nerve conduction velocity.
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2009; Fang et al., 2011; Dai et al., 2013; Cheng et al., 2014)
to analyze residual urine volume after therapy showed that
stem cell transplantation significantly reduced residual
urine volume compared with rehabilitation therapy (RR =
-8.1; 95%CI: —15.09 to —1.10) and moderate heterogeneity
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Figure 3 Comparison of American Spinal Injury Association motor score in spinal cord injury patients after stem cell transplantation and

rehabilitation intervention.
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Figure 4 Comparison of American Spinal Injury Association light touch score in spinal cord injury patients after stem cell transplantation
and rehabilitation intervention.
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Figure 5 Comparison of American Spinal Injury Association pinprick score in spinal cord injury patients after stem cell transplantation and
rehabilitation intervention.
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Figure 6 Comparison of AIS grading improvement rate in spinal cord injury patients after stem cell transplantation and rehabilitation
intervention.

Compared with the control group, the AIS grading improvement rate was significantly increased in the experimental group. AIS: American Spinal
Injury Association impairment scale.

Experimental Control Mean Difference Mean Difference
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Figure 7 Comparison of activities of daily living score in spinal cord injury patients after stem cell transplantation and rehabilitation
intervention.
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Figure 8 Comparison of residual urine volume in spinal cord injury patients after stem cell transplantation and rehabilitation intervention.
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Figure 9 Comparison of incidence of adverse effects in spinal cord injury patients after stem cell transplantation and rehabilitation intervention.
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(Figure 9).

Publication bias

Due to the insufficient number of studies included in the
meta-analysis, funnel plots were inappropriate to evaluate
publication bias. Consequently, no appropriate published
protocols were indicated to process the publication bias.

Discussion

Summary of evidence

Although controversy exists around the effectiveness of
stem cell transplantation (Dobkin et al., 2006), the present
study results show that when compared with rehabilitation
therapy, stem cell transplantation can improve neurological
function, especially sensory functions including light touch
and pinprick, without increasing the incidence of serious
adverse effects. Furthermore, stem cell transplantation
offers greater reduction in residual urine volume, indicat-
ing enhanced recovery of bladder function. Although the
meta-analysis shows that stem cell transplantation has no
significant improvement in motor function, ADL, and some
mild and temporary adverse effects, stem cell transplantation
can reduce the severity of SCI. In summary, these data lend
support to stem cell transplantation as a therapeutic and safe
therapy to improve neurological function, bladder function,
and holistic rehabilitation of patients with SCI.

As shown in the results, the present meta-analysis has
concluded consistent findings with low heterogeneity, sup-
porting the effectiveness of stem cell transplantation for
functional recovery after SCI. It is reassuring that the be-
tween-study heterogeneity is low and that subgroup and sen-
sitivity analyses are unnecessary.

Furthermore, stem cell source and transplantation method
had no impact on the extent of residual urine volume, indi-
cating that stem cell transplantation significantly enhances
recovery of urination function, consistent with the outcome
of a recent systematic review and meta-analysis (Kim et al,,
2015) on bladder recovery using stem cell therapy after SCL
Kim et al. (2015) verified partial bladder recovery, including
improvement of voiding pressure, non-voiding contraction,
and residual urine, after stem cell-based therapy in SCI rats,
and demonstrated that stem cell transplantation effected re-
covery of urination function in preclinical experiments and
as a clinical therapy. This may be related to the recovery of
neurological function and the low risk of urinary infection
in these studies, whereby no urinary infection occurred in
the SCI patients treated with stem cells. However, pooled
motor score data showed that the locomotor function of
patients with SCI is not improved after stem cell transplan-
tation. This may be related to the time point of transplanta-
tion. Keirstead et al. (2005) transplanted stem cells into rats
with SCI 10 months after injury, finding that transplantation
in the chronic phase results in insignificant remyelination
and poor locomotion improvement. It is suggested that
transplantation within a therapeutic time frame of 3-4
weeks following injury is optimal for stem cell treatment of
SCI (Sykova et al., 2006). In the present meta-analysis, nine

out of ten studies were conducted in chronic SCI patients,
making it convincing to infer that it is difficult to improve
motor function in patients with chronic SCI using stem cell
transplantation. Without improvements in motor function
following stem cell transplantation, the ADL of SCI patients
remains unimproved; meaning they cannot take care of
themselves or live independently. Although some adverse ef-
fects were observed in the studies, these were minimal with
temporary side effects, including fever, headache, backache,
numbness, and abdominal distension, primarily caused by
spinal puncture. None of the patients undergoing stem cell
transplantation showed serious adverse effects such as tu-
mor formation or death. Thus, despite the overall RR score
of adverse effects being 13.49, stem cell transplantation was
found to be relatively safe in the treatment of SCI. With a
significant improvement in the rate of AIS grading, stem cell
transplantation is effective in reducing the severity of SCI.
Recently, Li et al. (2015) performed a systematic review and
meta-analysis on the efficacy and safety of bone marrow-de-
rived cell transplantation for SCI in low-quality clinical
trials, including clinical control trials and randomized con-
trolled trials. The findings reported that bone marrow-de-
rived cell transplantation was safe and valid for patients with
SCI with improvements in AIS, ASIA pinprick, ASIA light
touch, and ASIA motor scores. However, the present me-
ta-analysis study was not consistent with Li et al’s study, pos-
sibly because of differences in the type of transplanted cells
and methods of transplantation used, resulting in different
effects on ASIA motor score. Therefore, it is convincing that
stem cell transplantation is safe and effective for sensory
function recovery after SCI, however its effect on locomotion
function recovery is not clear.

Compared with other published meta-analysis studies
using stem cell transplantation to treat SCI (Li, 2013, 2015;
Kim et al., 2015; Yousefifard et al., 2016), the present me-
ta-analysis has its own distinctive features. For example,
more than one type of stem cell was included to evaluate the
general effects and safety of stem cell transplantation in SCI
patients. Another distinction is that unlike other published
meta-analyses that focus on animal trials, clinical control tri-
als, or only one recovery outcome, the present meta-analysis
included more primary recovery outcomes and randomized
controlled trials from which the quality of evidence is grad-
ed high in evidence-based medicine to analyze the pooled
effects and safety of stem cell transplantation in SCI patients.

Limitations

There are some limitations in the present meta-analysis.
Firstly, the sample size of the included trials was too small
to provide sufficient evidence for the outcomes. None of the
included studies had a sample size greater than 100 subjects.
Secondly, because all the studies were carried out in China, it
is unknown if stem cell transplantation has the same effects
and safety profile in other populations. The 10 studies ana-
lyzed in this meta-analysis were identified following system-
atic searching of seven databases according to the inclusion
criteria. The reason why no matched randomized controlled
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trials performed in countries other than China were found
may relate to differences in ethical policies in stem cell trans-
plantation between countries and the significantly higher
incidence of SCI in China. Notably, it is comparatively strict-
er in countries other than in China regarding policies and
ethical reviews towards stem cell transplantation research.
Together, these criteria create favorable conditions for Chi-
na’s hospitals and experienced doctors to further medical
techniques and to study stem cell transplantation through
randomized controlled trials in humans with SCI. Thirdly,
long-term follow-up was absent in all included studies, with
a maximum of only 12 months. Teratoma formation, one of
the most serious adverse effects of cell therapies, is depen-
dent on different cell types, differentiation protocols, and
transplantation of heterogeneous cell populations (Brederlau
et al,, 2006; Li et al., 2008), therefore it is necessary to per-
form long-term follow-up to ensure the long-term safety of
stem cell transplantation. Fourthly, because none of these
studies clearly describe allocation concealment, and four
studies do not detail how random sequence was generated,
some selection bias may exist in the present meta-analysis.
Lastly, many factors including stem cell preparation, stem
cell identification, nursing care, socioeconomic level, and the
mental state of SCI patients, all of which are easily ignored,
may influence outcomes of stem cell transplantation for SCL.
Further trials with reasonable random sequence generation,
adequate allocation concealment, and low risk of reporting
bias, are critical to assess and clarify the effects and safety of
stem cell transplantation for SCI. Additionally, more mul-
ticentric and large-sample randomized controlled trials of
stem cell transplantation need to be performed to provide
more medical evidence-based proofs. Methods of stem cell
transplantation should also be improved to reduce the inci-
dence of side effects related to transplantation.

Conclusions

Stem cell transplantation was determined to be an efficient
and safe treatment for SCI and simultaneously improved
sensory and bladder functions. Although associated minor
and temporary adverse effects were observed with trans-
planted stem cells, spinal cord repair and axon remyelination
were apparent. It is necessary to combine stem cell transplan-
tation with other therapies, such as rehabilitation exercise, to
promote locomotion recovery. More randomized controlled
trials with larger sample sizes and longer follow-up times
are needed to further validate the effectiveness of stem cell
transplantation in the treatment of SCI. Furthermore, trans-
plantation method refinements should be made to improve
the effects of stem cell transplantation.
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