(149)
COPYRIGHT 2024 © BY THE ARCHIVES OF BONE AND JOINT SURGERY

SYSTEMATIC REVIEW

Prospect of Mesenchymal Stem Cells in Enhancing
Nerve Regeneration in Brachial Plexus Injury in

Animals: A Systematic Review

Wahyu Widodo, MD; Indah Suci Widyahening, MD; Irfan Kurnia Pratama, MD;
Mohamad Walid Kuncoro, MD

Research performed at Department of Orthopaedic and Traumatology Cipto Mangunkusumo Hospital, Faculty of Medicine
Universitas Indonesia, Jakarta, Indonesia

Received: 29September 2022 Accepted: 14 January 2024

Abstract

Objectives: Brachial plexus injuries (BPI), although rare, often results in significant morbidity. Stem cell was thought
to be one of BPI treatment modalities because of their nerve-forming regeneration potential. Although there is a
possibility for the use of mesenchymal stem cells as one of BPI treatment, it is still limited on animal studies.
Therefore, this systematic review aimed to analyze the role of mesenchymal stem cells in nerve regeneration in
animal models of brachial plexus injury.

Method: This study is a systematic review with PROSPERO registration number CRD4202128321. Literature
searching was conducted using keywords experimental, animal, brachial plexus injury, mesenchymal stem cell
implantation, clinical outcomes, electrophysiological outcomes, and histologic outcomes. Searches were performed
in the PubMed, Scopus, and ScienceDirect databases. The risk of bias was assessed using SYRCLE's risk of bias
tool for animal studies. The data obtained were described and in-depth analysis was performed.

Result: Four studies were included in this study involving 183 animals from different species those are rats and
rabbits. There was an increase in muscle weight and shortened initial onset time of muscle contraction in the group
treated with stem cells. Electrophysiological results showed that mesenchymal stem cells exhibited higher
(Compound muscle action potential) CMAP amplitude and shorter CMAP latency than control but not better than
autograft. Histological outcomes showed an increase in axon density, axon number, and the formation of
connections between nerve cells and target muscles.

Conclusion: Mesenchymal stem cell implantation to animals with brachial plexus injury showed its ability to
regenerate nerve cells as evidenced by clinical, electrophysiological, and histopathological results. However, this
systematic study involved experimental animals from various species so that the results cannot be uniformed, and
conclusion should be drawn cautiously.

Level of evidence: N/A
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Introduction
rachial plexus injury (BPI) is a rare peripheral nerve
B injury which can cause serious and significant
morbidity in patients.! Based on epidemiological
data BPI occurs in 1.2% of multiple trauma case. The
number is nine times less than cervical trauma and sixty
times less than head injury. However, BPI can result in
disorder in motoric, sensorics, pain and functional disability
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impacts on patient’s quality of life.z*

In general, BPI without spontaneous improvement was
treated surgically.> Surgery is aimed at restoring the
function of the patient’s arm and hands and reducing pain
as much as possible..8 However, there is no therapeutic
modality that can guarantee complete regeneration and
muscle reinnervation.®-13
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The use of mesenchymal stem cells as a one of modalities
of regenerative medicine is increasingly being used and
gives satisfactory results.!*17 Researches on the
regeneration of organs with mesenchymal stem cells, such
as brain, eye, kidney, bone, cartilage, heart, intervertebral
disc and also nerve have yielded good results.!8-22 Some
authors have revealed that mesenchymal stem cells have
the effect of promoting neural tissue repair activity at the
microcellular level.232¢+ Animal study conducted by
Bingham et al, showed that use of mesenchymal stem cells
in peripheral nerve injury enhances nerve regeneration,
treats muscle contractures, and promote improvement.2>
Hogendoorn et al, suggested that local injection of
autologous mesenchymal stem cells from bone marrow in
partially denervated muscles can increase muscle
reinnervation and  regeneration.?6 Rapid nerve
regeneration is expected to shorten the time of nerve
denervation so that is useful in maintaining neuromuscular
junction.1027.28

Several animal studies have yielded positive results
regarding the use of mesenchymal stem cells in animal
models of brachial plexus injury. Yang et al. suggested that
the use of adipose stem cells combined with allograft
improves nerve healing in brachial plexus injury model, and
increase the number of motor end plates in target
muscles.2?30 Guo et al,, in their study stated that the use of
mesenchymal stem cells derived from bone marrow can
repair brachial plexus neuron and restore their
physiological function. However, these studies limited to
case report, preclinical and in vivo study.3!

Based on the description above, research on brachial
plexus injury cases associated with the use of mesenchymal
stem cells as regenerative medicine has not been widely
carried out. Mesenchymal stem cells therapy is an emerging
and promising modality, therefore systematic review of
existing preclinical studies is needed to determine the
effect, safety and in the end guide the futures studies in
human. The main purpose of this review was to
systematically analyze the role of mesenchymal stem cells
in nerve regeneration in animal models of brachial plexus
injury. It was hypothesized that the use of mesenchymal
stem cells would enhance regeneration of nerve cells as
evidenced by clinical, electrophysiological, and
histopathological results.

Methods
This study conducted in accordance to the Preferred

Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) methods32

Eligibility criteria

The eligibility criteria for this review consisted of full text
article, experimental study in animal (in vivo study),
brachial plexus injury model, interventions of any
application of mesenchymal stem cells, any functional or
clinical, electrophysiological and histological outcomes
measured, and not limited in any language. Duplicates,

review studies, in vitro studies, different stem cells derivate,
and irrelevant articles were excluded.

Literature search and study selection

The Search was comprehensively performed accordance to
the Preferred Reporting Items for Systematic Review and
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Meta-Analysis (PRISMA). The search was conducted in
Three online database such as PubMed, Scopus, and Science
Direct Journals and Books firstly in November 2021. We
have also performed re-search for updating our results
every 6 months to make our research reliable. The term
Brachial plexus injur* OR brachial plexus neuropath* OR
brachial plexus disorder* AND Stem cell* OR Mesenchymal
cell* OR umbilical cord stem cell* OR adipose tissue stem
cell* AND muscle weight ratio OR muscle to fat ratio OR
behavioral analy* OR behavioural analy* OR compound
muscle action potential OR CMAP OR electrophysiol* OR
axon densit* OR motor end plate OR histopathol* were used
as the search keywords. For more detail, literature search
keywords based on PICO methods described in [Table 1].

Participants Brachial plexus injur* OR brachial plexus neuropath* OR
brachial plexus disorder*

Interventions  Stem cell* OR Mesenchymal cell* OR umbilical cord stem cell*
OR adipose tissue stem cell*

Comparison

Outputs muscle weight ratio OR muscle to fat ratio OR behavioral
analy* OR behavioural analy* OR compound muscle action
potential OR CMAP OR electrophysiol* OR axon densit* OR
motor end plate OR histopathol*

After excluding the duplicates, titles and abstract were
reviewed by two authors, M\W.K and LK.P for eligibility.
Selected studies with full text availability were assessed to
apply the inclusion criteria. Any discrepancy to agreement
between authors was resolved by discussion and involving
other authors, W.W and .S.W.

Methodological quality assessment and risk of bias

Internal validity or risk of bias was performed using
Systematic Review Center for Laboratory Animal
Experimentation’s (SYRCLES’s) risk of bias tool consist of
selection bias, performance bias, detection bias, attrition
bias, reporting bias and other source of bias assessment.
Two authors, M\W.K and [LKP performed all the
assessment independently and any discrepancy to
agreement between authors was resolved by discussion
and involving other authors, W.W and L.S.W.

Data extraction and synthesis

Data that has been collected was extracted using
predetermined selection criteria. The following data were
extracted: study design; type of animal for experimental
study; sample size; duration of observation; type of
mesenchymal stem cells (MSCs); procedure or
intervention; study groups; comparison; functional or
clinical outcomes; electrophysiological outcomes;
histological outcomes; significant difference between
outcomes in study groups; and other outcomes.

The data collection of experimental animal study was
collected. In this review, meta-analysis could not be
conducted due to the heterogenicity of the studies involved
(i.e., subject animals, MSCs source, group and control
groups, duration and outcomes).
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Results
Study selection

The study selection was summarized in PRISMA flow
diagram as follows. A total of 562 studies were obtained
from the three specified database. After performing
abstracts and titles screening, eight articles were
included for further evaluation. After full-text reading and
assessment, four articles were included for this
systematic review. The flow diagram described in [Figure
1].

562 articles identified
from PubMed: 23;
Scopus: 248;
ScienceDirect: 291

8 articles eliminated
< following duplication
screening

\ 4

554 articles identified

potential for tittle and
abstract screening

546 articles eliminated
< because did not meet
inclusion criteria

\ 4
8 articles identified
potentially relevant for
full text screening

4 articles eliminated:
< 1 article did not meet
PICO criteria
v 2 articles are case report
4 articles included in 1 article is a preliminary
systematic review study

Figure 1. Flow Chart of Study Selection Process

Assessment of methodology quality
Study characteristics

All four works of literature involved used small animals.
Three of them used mice and the other one used rabbits as
their animal model consisted of 88 mice and 45 rabbits
involved in this review. All samples were treated as a model
of brachial plexus injury with different procedures in each
study. Guo et al. performed an avulsion model of the brachial
plexus by tearing the dorsal and ventral root of C5-T1.
Huanxing et al. performed root avulsion of C5-C7 to detach
the musculocutaneous nerve. Rodriguez et al. modeled the
brachial plexus injury by excising three mm of the C5-C6
nerve segment. The brachial plexus injury model by Yang et
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al. was completed by performing moderate traction of the
plexus away from the intervertebral foramen with
micro-hemostat forceps.

Mesenchymal stem cells that were used in those studies also
varied. Two studies used bone marrow-derived MSCs, other
two studies used umbilical cord and adipose MSCs
respectively. As for the route of MSCs administration, one
study performed intraperitoneal injection (compared with
the normal saline and sham group), one study performed
injection into the musculocutaneous nerve (compared with
vehicle injection), and two other studies performed
extraplexal nerve transfer and applied mesenchymal stem
cells to the nerve junction (compared with autograft and
acellular nerve autograft (ANA)). A summary of study
characteristics involved in this review is described in [Table
2].

Risk of bias

These various studies were then analyzed for internal
validity using the SYRCLE's Risk of Bias Tool described in
[Table 3]. In general, all four involved studies have limitations
in terms of validity. All of these studies had unexplained
subject selection problems with details. Existing studies
stated that research subjects are divided into predetermined
groups, but it was not explained whether random allocation
was carried out. One study explained that randomization was
carried out in the process of allocating research subjects.3*
The basic characteristics of the research subjects were well
explained. The whole study describes the types of research
animals used.35
The process of allocation and concealment of allocations
were not described in all studies. None of the studies above
describe the process of masking. In the aspect of uniformity
of room for research subjects, only one study describes the
process. One study mentioned conditions of temperature,
humidity, light and dark cycles, and access to water and
food.3*
Assessment of detection bias is done by selecting animals at
random to measure the outcome. In all these studies, the
selection of animals for outward assessment was not
explained. However, all studies wrote down the final results
of the study in full and there were no hidden or unreported
data.

Study outcomes

Outcome measurement in this review is based on
functional or clinical, electrophysiological, and histological
evaluation in each study. There are no studies that have the
same outcome measures as other studies. Therefore, we tried
to simplify and group the comparable outcome measures of
each of the involved studies. Functional or clinical
improvement was evaluated by the onset of involuntary
movement of the affected extremity, and two studies describe
comparable results. Based on those studies one study
showed faster onset for MSCs combined with the ANA group
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Table 2 Study Characteristics

REVIEW MESENCHYMAL STEM CELLS BRACHIAL PLEXUS INJURY

ANIMALS

E: experimental
BMSCs: bone marrow mesenchymal stem cells
CMAP: compound muscle action potential
hi-UMC: human induced umbilical cord mesenchymal cells
EMG: electromyography
NM]J: neuromuscular junction
ANA: acellular nerve allograft
dASCs: differentiated adipose stem cells
IHC: immunohistochemistry
Author, Design Sar.nple Subject Criteria Follo Procedure Group Outcomes
year size w-Up
Big-ear rabbit o Normal e Triceps weight
Guo et al B 45 gr(z)irrnn (1;1‘111{]:;:;231/ 3 Intraparitoneal saline e Amplitudo and latency of CMAP
2020 Center of the weeks  injection * BMSCs . Histopjathology nerve tissue with
Hospital e Sham HE Stain
) Adult female Musculocutaneus e hi-UMC ¢ EMG measurement
Z[Iu;g)il; get E 24 fs: f;eil?;v;ge}_’ 16 nerve injection o Vehicle o whole-cell patch-clamp record
' 250 gragms weeks injection e biceps NMJ
¢ Biceps contraction
Adult male Wistar Phrenicus transfer ~ ® Autograft Amplitudo dan latency of CMAP
Rodriguez E 42 Lewis rat 335.13 + 12 with * ANA ¢ Histological analysis of biceps dan
etal 2021 35.71 grams and weeks  Musculocutaneous e ANA + g . 4 p
80 + 10 days old graft BMSCs nerve graft with electron
microscope and fluorosence
Adult male o Autograft * groon.nng test
Yane etal Sprague-Dawley 16 Contralateral « ANA  Amplitudo of CMAP
& ' E 18 rat weight 200- transfer of C7 to e Nerve IHC analysis
2019 . weeks o ANA + .
300 grams six C5-C6 ASC e Axon density
s
weeks old e Muscle morphology

Table 3. Risk of bias analyzed using SYRCLE’s Risk of Bias

+
=

: low risk of bias

: high risk of bias

2 : unclear
Study
Risk of Bias
Guo et al. Huanxing et al. Rodriguez et al. Yang et al.
Selection bias 2 2 2 7o
Baseline Characteristics + 4 s = +
Allocation Concealment ? 2 2 2
Performance bias ? 2 ¢ +
Blinding 2 2 ? 2
Detection bias ? 2 2 ?
Attrition bias + + + +
Reporting bias + -+ -+ +
Other source of bias -+ + > +
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compared to ANA only. However, there was no significant
difference between the groups. Another study showed a
slower onset of the MSCs group compared to others with no
significant difference [Table 4].

Table 4. Clinical Outcomes ‘
BMSCs: bone marrow mesenchymal stem cells
ANA: acellular nerve allograft

dASCs: differentiated adipose stem cells

Author, o P
year Group Clinical output Values
Autograft Onset of involuntary )
Rodriguez (control) elbow flexion
ool 55‘21 ANA 20.69 £ 2.14 days 005
’ ANA + 21.08 + 2.61 days ~005
BMSCs 21.28 + 2.49 days
Autograft Onsetfof arm lifting
Yang et al (control) unction
' 45.40 + 7.30 days >005
2019 ANA
61.40 + 6.80 days
ANA * 53.20 £ 3.35 days
dASCs LU E oSy QY
Electrophysiological outcomes were evaluated and

stratified according to amplitude of CMAP and latency of
CMAP. Three studies describe electrophysiological outcomes.
Guo et al. showed a significant difference in the MSCs group
compared to the control with a higher amplitude of CMAP and
faster latency of CMAP. Yang et al. only examined the
amplitude of CMAP and found that there was a significant
difference in the MSCs + ANA group compared to the ANA-
only group. Rodriguez et al. failed to demonstrate supporting
results from the MSCs group compared to other groups
[Table 5].

* compared with control
**compared with ANA group
BMSCs: bone marrow mesenchymal stem cells
ANA: acellular nerve allograft
dASCs: differentiated adipose stem cells
Author, Amplitudo Latency
year Group of CMAP P Values of CMAP P Values
3,54+
Normal 1550+ 2,1 031
saline
Guo et al. 2,07+
2020 BMSCs 28+1,25 0,046 0,24 0,004
Sham 32£0,54 132+
0,56
0,04388 + 2,48+
Autograft 0,02 0,47
(control)
Rodriguez
etal. ANA 0025255 0093+ e 0,001*
2021 ’ ’
ANA 0,026* 0,002*
BMSCs 0,02275 + 4,08+
0,02 0,85
Autograft
(control) 51,5
Yang et al. Not
2019 ANA 355 evaluated
ANA + 43,5 <0,05**
dASCs
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Based on the histological outcome, all involved studies
evaluated histologically either nerve or muscle targets or
both. The study by Guo et al. and Huanxing et al. showed a
significant difference between the MSCs groups compared to
other groups and the study of Yang et al. who investigated
biomarkers of the survival of implanted mesenchymal stem
cells. On the other hand, the study of Rodriguez et al. did not
show a significant difference among groups. The results of
these studies can be seen in [Table 6] below. Generally, the
results supported preferable outcomes related to MSC use.

Table 6. Histopathological Outcomes ‘

* comparison between the autograft group and ANA + dASCs groups
compared to the ANA group
** comparison between the autograft group with ANA group
NMJ: neuromuscular junction
BMSCs: bone marrow mesenchymal stem cells
ANA: acellular nerve allograft
dASCs: differentiated adipose stem cells
NF: neurofilament
Author, P

year Group Outcome Values

Model Axons and myelinated nerves

decrease, nerve density
decreases and there is axonal
atrophy and axonal degeneration
Guo et al. Treat The number of myelinated axons .
2020 and nerves increases, the density
of nerve fibers increases

Large nerve fibers are

Sham myelinated and have densely
packed endoneurium
Many nerve grafts survive and
Cell form functional connections with
transplantation target muscles. More
group neuromuscular junction (NMJ)
was obtained, ie 8.1 + 2.4 per
Hunxiang mm?2
etal. 2013
Vehicle There is no functional <0.05
injection group relationship with the target
muscle which shows no EMG
response. NMJ density 1.3 + 1.2
per mm2
Autograft
(control) There was no significant
Rodriguez difference in histology between .
etal. 2021 ANA the control group, ANA, and
ANA+BMSCs
ANA+BMSCs
Autotgralft The percentage of NF-200 and
(control) $100 positive on autograft and <
ANA + dASCs was significantly 0,05*%
Yaletg)le; al ANA higher than in the ANA group but
there was no significant >0.05*
ANA + dASCs difference between the ANA *
group with autograft
Discussion

Based on all four studies involved in this review, we found
the results were varied. There was no similarity in the species
included, intervention performed, grouping, observation
time, and outcomes. We have tried to evaluate the outcome
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measurement based on clinical, electrophysiological, and
histological and we found there are no studies that have
similar outcomes. In general, the studies included the uses of
mesenchymal stem cells in increasing the regeneration of
brachial plexus injury gave good results.
Brachial plexus injury is an intractable peripheral nerve
injury that can cause permanent disability in the patient.3637
Not only in humans but brachial plexus injury in
experimental animals also shows poor functional outcomes
invarious nerve regeneration processes.3839 It is very difficult
to restore normal nerve function because of nerve necrosis
and changes in the microenvironment to become less
permissive to nerve regeneration.#041 In addition, mature
nerves cannot regenerate and multiply so they cannot be
replaced by new nerve cells.#243 This is why the brachial
plexus injury recovery process takes a long time.#445
Mesenchymal stem cells can proliferate and repair
themselves so that they have the potential to regenerate
damaged nerves.#648 Under certain conditions, these
mesenchymal stem cells can differentiate into neurons,
astrocytes, and oligodendrocytes which are the main types of
nerves,4249-51

The functional outcomes obtained in this study varied. In a
study conducted by Yang and Rodriguez, it was seen that
mesenchymal stem cell implantation combined with acellular
grafts was able to induce involuntary flexion and elevation of
the upper extremities. However, the results shown are not as
good as those produced by autografts. This is because
acellular grafts do not have a microenvironment that
supports axon regeneration so they do not provide maximum
recovery potential.5253 Zheng et al. demonstrated the
importance of this microenvironment by examining protein-
rich plasma (platelet-rich plasma) which stimulates stem
cells to proliferate and migrate, thereby increasing the
expression of nerve growth factor and glial-derived
neurotrophic factor.54-56

In addition to affecting the occurrence of involuntary
muscle contractions and elevation of the upper extremities,
mesenchymal stem cell implantation can increase muscle
weight.5758 This is following a study by Guo et al. who found
that in the group given mesenchymal stem cells, overall
biceps muscle weight showed improvement compared to the
group without cells.5? This can be explained, one of which is
the effect of mesenchymal stem cells being able to restore
functional relationships between nerves with the target
muscle thereby preventing muscle atrophy.6%6! The clinical
improvement was also supported by the research of Jun et al.
The study showed that rats with mesenchymal stem cell
implantation, either one week or two months after brachial
plexus injury, showed better upper extremity function
outcomes compared to rats without cells. This can happen
because the implanted cells can survive and form a functional
relationship with the target muscle.40.62

All of the included studies evaluated the improvement in
function using not only clinical and histopathological
parameters but also electrophysiological parameters. This is
because often the restoration of function occurs sub-
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clinically.t3,6¢4 Barman et al. suggested that one of the
objective examinations to assess the earliest signs of
improvement in the motor unit is by electrodiagnostic
examination, one of which is electromyography (EMG).156566
Electrophysiological examination serves to see the
amplitude and latency of the muscle. The study of Guo et al.
presented the Treat group had a significantly increased
CMAP amplitude and shortened latency. This can be
explained because MSC implantation can form a functional
relationship with the target muscle and prevent muscle
atrophy. Because of these two things, the CMAP amplitude in
the MSCs implantation group was better than in the other
groups.*0

Research with different control groups was conducted by
Yang et al. and Rodriguez et al. The two research groups
compared mesenchymal stem cell administration with
autograft and ANA. The result revealed that the CMAP
amplitude was greater and lower latency in the autograft
group than in the MSCs group. This is supported by the
histological appearance data by Yang et al. which showed that
there was a significant difference in the number of surviving
axons and nerves.34 67

The whole-cell patch clamp evaluation by Huanxing et al.
showed that these differentiated nerve cells had mature
motoneuron characteristics. In addition, the study
demonstrated that successful prolongation of muscle atrophy
events in denervated muscles can maintain endogenous
motoneuron terminals and allow the establishment of
functional connections later in life between regenerating
axons and denervated muscles.6% 68

Several studies using other mesenchymal stem cells in the
peripheral nervous system have shown supporting results.
According to Yarar et al. who studied the administering
mesenchymal stem cells at the end-to-end nerve junction, the
results showed that there was a significant improvement in
the evaluation of nerve conduction velocity and an effect on
improving function.®® A meta-analysis conducted by
Hundepool et al. also showed that the use of mesenchymal
stem cells in experimental animals has a positive effect on the
evaluation of electrophysiological parameters.”0.71

In this systematic study, there were two main results of
tissue histology carried out by MSCs implantation or other
similar procedures, namely the histological analysis of nerve
tissue and target muscle tissue. The studies of Guo et a,
Huanxing, et al, and Yang et al. showed that there were
differences between the groups that were treated with
mesenchymal stem cells compared to the control group of
each study.323462

Several other studies have shown positive results of
reinnervation in the administration of mesenchymal stem
cell implantation butin the sciatic nerve. In a study conducted
by Kurwale et al,, research subjects in the form of rats showed
significant improvement in nerve injury seen from the
parameters of axon diameter, nerve thickness, and thickness
of myelin sheath diameter within 60 days after mesenchymal
stem cell implantation.”2 73

However, different results were obtained in the study of
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Rodriguez et al. who showed no significant histologic
differences between the autograft, ANA, and ANA + stem cell
groups. This can happen because the comparison in this
study is an autograft, different from other studies.
Nevertheless, Rodriguez's research shows that acellular
neural tissue plays an important role as a support for the
growth of nerve stem cells. Other studies such as Goel et al.
and Kurwale et al. showed that there were significant
differences between the stem cell and no stem cell groups.’
74,75

Of the four studies involved, in general, three studies
support the use of mesenchymal stem cells in increasing the
regeneration of brachial plexus nerves in experimental
animals. The studies of Guo et al, Huanxing et al, and
Rodriguez et al. all showed significant improvements in
clinical, electrophysiological, and histological outcomes. On
the other hand, there is one study that does not support the
use of mesenchymal stem cells in increasing the regeneration
of brachial plexus nerves in experimental animals. Rodriguez
et al. stated that mesenchymal stem cells failed to show
significant improvement in the assessed neural regeneration
parameters. The existence of this discrepancy may be due to
different research methods ranging from research subjects,
length of observation, procedures, allocation of research
groups, outcome evaluation methods, and types of stem cells
used_32,67,62

Study limitations

This systematic review has been structured in such a way
that it can cover important studies in the field of brachial
plexus and mesenchymal stem cells. However, there are some
weaknesses in this research. This study still includes studies
that have the potential for bias in the study because there are
few references regarding the administration of mesenchymal
stem cells to experimental animals in cases of brachial plexus
injury. There are no specific inclusion criteria for certain
types of animals because of the limitations of the research
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that was sought and found. This means there are two types of
experimental animals in this systematic study, namely
rabbits and mice. These species differences are of course a
special concern when concluding this systematic study.

Conclusion

Mesenchymal stem cell implantation in animals with
brachial plexus injury showed its ability to regenerate nerve
cells as evidenced by clinical, electrophysiological, and
histopathological results. However, this systematic study
involved experimental animals from various species so the
results cannot be uniform, and conclusions should be drawn
cautiously.
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