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Abstract: Aims: Spinal cord injuries (SCIs) can cause severe disability or death. The principal treatments for trau-
matic SCl include surgical stabilization and decompression. Using muscle as a scaffold is a new approach. The aim
of this work is to evaluate the clinical efficacy of muscle graft as a scaffold for the growing axons organizing their
growth, preventing gliosis in the damaged area and enhancing neural recovery in canine model of traumatic spinal
cord injury. Methods: 14 dogs were divided into group | (Control group) 4 control dogs subjected to Sham opera-
tion, group Il (Trauma control group) 5 dogs subjected to dorsal laminectomy with excision of 1 cm segment of the
spinal cord and group Il (Muscle graft group) 5 dogs subjected to dorsal laminectomy then muscle graft was taken
from the longissimus thoraces and inserted into the spinal cord gap. The animals of all groups were euthanatized
after 8 weeks. Olby and modified Tarlov scores were used to clinically evaluate the therapeutic effects. Spinal cord
specimens were subjected to histological, morphometric and statistical studies. Results: Olby and modified Tarlov
scores revealed significant clinical improvement in the muscle graft group. Histological sections showed overgrowth
of axons on the muscle graft and the sections started to organize as central gray matter and peripheral white matter.
CD44 & CD105 stains were positive for endogenous stem cells. Conclusions: This study proved the clinical efficacy
of muscle grafting as a tool for induction of neuroregeneration after traumatic spinal cord injury.
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These effects can damage the patient’s mental
health and place a huge burden on society from
a public health perspective [3]. There is evi-
dence that T lymphocytes and macrophages

Introduction

Spinal cord injuries (SCIs) can cause severe dis-
ability or death. The most common causes of

SCI are motor vehicle accidents (38%), falls
(22%), violence (13.5%), and sport/recreational
accidents (9%) [1]. Traumatic SCI often results
in the death of a number of neurons that can
neither be recovered nor regenerated. The SCI
process is characterized by demyelination, neu-
ral apoptosis and posttraumatic inflammatory
reactions [2]. In SCI, structural and functional
damage of the spinal cord occurs by primary
and secondary injury. This results in loss of
movement, sensation and autonomic nerve
dysfunction below the damaged level.

which infiltrate the injured spinal cord, are
directly involved in the pathogenesis and exten-
sion of SCI [4]. The principal treatments for
traumatic SCI include surgical stabilization and
decompression. Physiotherapy and neurotroph-
ic rehabilitation attenuate further damage,
relieve spinal cord ischemia and hypoxia, save
the damaged area, rescue necrotic neurons,
and promote neuronal function [5]. Mesen-
chymal stem cells (MSCs) are a promising
potential therapeutic approach to SCI promotes
neuronal regeneration, reduces glial scar for-
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mation and ultimately improves locomotor
recovery [6]. Some researchers used tissue
engineering to develop stem cells approach by
using silk as a scaffold and adding growth fac-
tors [7]. Others suggested the efficacy of utiliz-
ing autogenous skeletal muscle instead of
using a nerve segment as a graft in peripheral
nerve injury [8].

The aim of this work is to evaluate the clinical
efficacy of muscle graft as a scaffold for the
growing axons organizing their growth, prevent-
ing gliosis in the damaged area and enhancing
neural recovery in canine model of traumatic
spinal cord injury.

Materials and methods
Experimental design

This study was conducted on 14 adult male
mongrel dogs with average body weight 7-9
kilograms, housed in the Animal House, Faculty
of Veterinary Medicine, Cairo University, accord-
ing to the guidelines for the care and use of
experimental animals of Cairo University and
were divided into the following 3 groups:

Group I: (Control Group): It included 4 dogs that
were subjected to Sham operation [9] where
animals underwent dorsal laminectomy only at
the midline and extended two to three verte-
brae cranial and caudal to the vertebrae to be
exposed. The animals were sacrificed with the
corresponding experimental groups.

Group Il (Trauma control group): It included 5
dogs that were subjected to dorsal laminecto-
my [10]. Dorsal laminectomy was performed
with longitudinal incision of the dura then exci-
sion of one cm segment of the spinal cord was
performed at the mid thoracic region then the
dura was repaired to prevent cerebrospinal
fluid (CSF) leakage. The animals were kept for 8
weeks after operation without therapy.

Group Il (Muscle graft group): It included 5
dogs that underwent to dorsal laminectomy
and excision of the spinal cord as in group I,
then muscle graft was taken from the longissi-
mus thoraces during surgery. The muscle graft
was prepared to fit inside the gap between the
proximal end and the distal ends of the spinal
cord. The dura was repaired to prevent CSF
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leakage. The animals were kept for 8 weeks
after operation.

Anesthesia

Atropine sulphate (0.1 mg/kg SC), dexametha-
sone (1.5 mg/kg IV) and xylazine hydrochloride
(1 mg/kg IM) were used. Induction of anesthe-
sia was performed using Propofol (4-6 mg/kg
IV) and the maintenance was applied using
Isoflurane [11, 12].

Surgical technique

The dogs were positioned in sternal recum-
bence. The skin was surgically incised at the
dorsal midline and extended two to three verte-
brae cranial and caudal to the vertebrae to be
exposed [10]. The subcutaneous tissue was
desiccated to the muscle fascia and retracted
laterally with the skin. The dorsal thoracic fas-
cia was bluntly desiccated slightly away from
the dorsal thoracic spinous processes.

Lateral retraction of the dorsal thoracic fascia
exposed the longissimus lumborum and multifi-
dus muscles caudally and spinalis and semispi-
nalis muscles cranially. The multifidus, interspi-
nalis, and rotators longi muscles were elevated
from the spinous processes and vertebral arch-
es one vertebra cranial and caudal to the
intended vertebrae with a periosteal elevator.
The muscle elevation was continued to the lat-
eral aspect and ventral to the articular process-
es. In the thoracic region fascicles of the longis-
simus thoraces and lumborum muscle were
divided. A small blood vessel was severed at
each articular process [11].

Dorsal laminectomy was initiated by removing
of the dorsal thoracic spinous processes. The
spinal cord was exposed by removal of bone
from the bilateral portions of the pedicles and
dorsal laminae of the involved vertebrae.
Lembert and Kerrison rongeurs and small bone
curettes were used for completing the laminec-
tomy. After the outer white cortical bone was
brushed away, a thick layer of reddish brown
trabecular bone was encountered next, fol-
lowed by a thin inner layer of white cortical
bone and finally a translucent inner periosteal
layer. Careful lavage and suction were needed
to maintain a clear field throughout the lami-
nectomy process. Incision of the Dura matter
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Table 1. Comparison of Olby score and Revised Modified Tarlov scale

Olby score

Revised Modified Tarlov scale

No pelvic limb movement. No deep pain sensation. 0 1 Flaccid hind limbs
With deep pain sensation. 1
But voluntary tail movement. 2

Non-weight-bearing protraction of pelvic limb with more than Minimal movement of one joint. 3 2 Tonein hind limb

one joint involved. Less than 50% of the time. 4 Purposeful hind limb motion
More than 50% of the time. 5

Weight-bearing protraction of pelvic limb. Less than 10% of the time. 6 4 Stands with assistance
10-50% of the time. 7
More than 50% of the time. 8

Weight-bearing protraction 100% of time with reduced strength Mistake >90% of the rime. 9 5 Stands unassisted

of pelvic limb. Mistake 50%-90% of the rime. 10 6 Limited ambulation
Mistake <50% of the rime. 11

Ataxic pelvic limb gait with normal strength.

But mistakes made <50% of time. 13 8

But mistakes made >50% of time. 12 7 Full ambulation

Climbs a 20 incline ramp half-way

Normal pelvic limb gait. 14 9 Climbs 20 incline ramp

was carefully performed then a segment of one
cm length from the spinal cord was transected.
The venous plexus was visible on the floor of
the vertebral canal. To avoid damaging the
venous structures, care should be taken [13].

A suitable segment was cut from the longissi-
mus thoracis muscle and located instead of the
spinal cord defect. The Closure was started by
suturing the dorsal fascia of the thoracic mus-
culature. The subcutaneous tissue and skin
were closed in separate layers with avoiding of
dead space [11].

Clinical scoring (initial assessment and follow
up)

All dogs were subjected to neurological assess-
ment by a neurologist to exclude any motor or
sensory deficits before the experiment, the gait
of each animal in the different groups was
assessed and videotaped before and after sur-
gery, assessment was done using Olby score (a
14-point functional scoring system for observa-
tional gait analysis) and revised modified Tarlov
scale. Both were established and commonly
used to evaluate functional differences in dogs
with acute spinal cord injury by examining the
pain sensation and motor function including,
tail movement, weight bearing and movement
of limbs. Statistical analysis and calculations
were performed using Statistical Package for
the Social Sciences (SPSS) version 16. The
comparison between the different groups was
analyzed using T test. P-values <0.05 were con-
sidered statistically significant (Table 1). Two
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different independent observers blinded to
cases and control rated the animals by review-
ing the videotapes of different groups. Asse-
ssment was done weekly for 8 weeks [14].

The animals were euthanatized by injection of
20% solution of pentobarbital sodium and full
saturated solution of potassium chloride intra-
venous [15]. Spinal cord specimens were fixed
in 10% formalin saline for 24 hours. Paraffin
blocks were prepared and 5 um thick serial
sections were subjected to the following stu-
dies in the Histology Department, Faculty of
Medicine, Cairo University:

Histological Study: Hematoxylin and eosin
(H&E) [16].

Histochemical stain: using silver impregnation
for demonstrating neurofibrils and glial cells
[17].

Immunohistochemical Study: CD44 (IW-PA10-
21) for endogenous mesenchymal stem cells.
0.1 ml primary rabbit polyclonal antibodies
were applied to sections for 60 minutes [18].
and CD105 (559286 Ab, BD Biosciences, San
Jose, California, USA) immunostaining, for de-
tecting endogenous undifferentiated MSCs 0.1
ml diluted goat polyclonal 1ry antibodies were
applied to sections for 60 minutes [19]. Tonsil
sections were considered positive control and
the reaction is membranous.

Morphometric study

Computer assisted image analysis was per-
formed using Olympus camera connected to
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Table 2. Olby score/revised modified tarlov scale

1stweek 2™ week 39week 4"week 5"week 6"week T7"week 8" week
Trauma control 1 1/1 2/1 2/1 2/1 2/1 2/1 2/1 2/1
Trauma control 2 1/1 1/1 2/1 2/1 2/1 2/1 2/1 2/1
Trauma control 3 0/1 1/1 1/1 2/1 2/1 2/1 2/1 2/1
Trauma control 4 1/1 2/1 2/1 2/1 2/1 2/1 2/1 2/1
Trauma control 5 0/1 1/1 2/1 2/1 2/1 2/1 2/1 2/1
Graft 1 1/1 0/1 1/1 3/2 4/3 6/4 7/4 8/4
Graft 2 1/1 1/1 1/1 3/2 4/3 6/4 7/4 8/4
Graft 3 1/1 1/1 3/2 5/3 6/4 7/4 8/4 9/5
Graft 4 1/1 1/1 2/1 4/3 5/3 6/4 7/4 8/4
Graft 5 1/1 1/1 2/1 3/2 4/3 5/4 6/4 7/4

Table 3. Mean difference between 1% week (pre-inter-
vention) and 8" week (post-intervention) with standard

degenerative changes were observed in
the trauma control group.

deviation (SD) and P-value

Trauma control

Clinical results

Graft group
group . N .
There was a statistically significant dif-
Olby score (mean + SD) 1.333+0.58 7.33 +0.57 ference in Olby scoring between muscle
(P value =0.06) (P value =0.002)* fd yd t & trol
Tarlov scale (mean £SD) ~ —— 3.33+0.57 gra 0gs an rauma  control ones

(P value =0.01)

regarding the motor functions; in each

*significant p value.

Olympus microscope, assessment of the num-
bers of axons in the transverse sections of the
white matter in H&E stained sections. The num-
ber of oligodendroglia in the white matter in sil-
ver stained sections. The areas of CD44* and
CD105* cells were measured. Using interactive
measurements menu the parameters were
assessed in 10 high power fields.

Statistical methods [20]

Statistical analysis and calculations were per-
formed using Statistical Package for the Social
Sciences (SPSS) version 16. The comparison
between the different groups was analyzed
using ANOVA test, followed by Bonferroni post-
hoc test to detect which pairs of groups caused
the significant difference. P-values <0.05 were
considered statistically significant [20].

Results

Death of 2 dogs in the trauma control group
was recorded which were compensated. In the
sham control group, neuronal morphology was
normal; the general structure and structural
integrity were preserved. The most marked
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group we compared the performance in
week 1 to that in week 8 as shown in
Tables 2, 3, which illustrated that the
muscle graft dogs showed clinical improvement
regarding the motor functions with a P value
0.002. The results on Tarlov scale were equal
before and after in all the trauma group equally
with 1 grade in this scale so the standard error
equal zero.

Histological results

Sections stained with H&E of the dog spinal
cord in the control group showed central canal,
grey matter and white matter all with appar-
ently normal structure (Figure 1A). Multiple
neurons were seen in the grey matter and nerve
fibers with axons were detected in the cross
sections of the white matter (Figure 1B). The
longitudinal sections of the white matter sh-
owed multiple continuous axons. Oligodendro-
glia and microglia could be seen (Figure 1C). In
group Il, vacuolation were detected in the grey
and white matter (Figure 1D). The grey matter
showed neurons with lost processes surround-
ed by vacuolated areas. Few nerves exhibited
an axon in the white matter (Figure 41E).
Disrupted axons were detected in the white
matter with few oligodendroglia and some
microglia (Figure A1F). Group Il showed grey

Int J Clin Exp Pathol 2017;10(9):9330-9340
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Figure 1. Photomicrographs of the dog spinal cord sections (H&E, x) showing in Group I: (A) central canal (C), grey
matter (G) and white matter (W) all demonstrating normal structures. (40) (B) multiple neurons (N) in the grey mat-
ter and nerve fibers each containing an axon (n) in the white matter (100) (C) multiple axons (a) in the white matter.
Note oligodendroglia (0) and microglia (m) (400). In Group II: (D) vacuolations (v) in the grey (G) and white (W) mat-
ter (40) (E) neurons (N) each surrounded by a vacuolated area in the grey matter. The white matter shows multiple
vacuolations (v). Note few nerves exhibiting an axon (n) in the white matter (100) (F) disrupted axons (dr) in the white
matter. Note few oligodendroglia (0) and some microglia (m) (400).

Figure 2. Photomicrographs of the dog spinal cord sections showing in Group Ill (H&E, x): (A) grey matter (G) with
multiple neurons and white matter (W) with apparently normal nerve fibers (40) (B) multiple neurons (N) exhibiting
processes (arrows). Few neurons surrounded by vacuolations (v) (100) (C) some continuous axons (a) in the white
matter. Note multiple oligodendroglia (0) (D) residual graft tissue (g) attached to the peripheral part of the white
matter (W) and central grey matter (G) (40) (E) the graft tissue with flat nuclei (nu) and elongated fibers (f). Note a
nerve fiber exhibiting an axon (n) in the white matter (400).
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Figure 3. Photomicrographs of the dog spinal cord sections demonstrating the grey matter in (A-C) (silver impregna-
tion, x100) and the white matter in (D-F) (silver impregnation, x400) of Group |, Il & Il respectively showing neuro-
fibrils in (@) multiple nerve cell bodies (n), processes (arrow) and in the neuropil (arrowhead) (B) deformed neurons
with lost processes (white arrows) (C) fewer nerve cell bodies (n), processes (arrow) and in the neuropil (arrowhead)
(D) multiple axons (a) and some oligodendroglia (0) (E) disrupted axons (dn) and few oligodendroglia (o) (F) multiple
scattered and arrayed of oligodendroglia (0).

Figure 4. Photomicrographs of the dog spinal cord sections showing in: (A) Group | -ve immunoexpression (B) Group
I some +ve spindle cells among the nerve fibers (lines) (C) Group Il multiple +ve cells among the nerve fibers (ar-
row) and in the remaining graft tissue (red arrow) (CD44 immunostaining, x200). (D) Group Il some +ve spindle cells
among the nerve fibers (lines) (E) Group Il multiple +ve cells among the nerve fibers (arrow) and in the remaining
graft tissue (arrows) (CD105 immunostaining, x200).

matter with multiple neurons and white matter Multiple neurons exhibiting processes could be
with apparently normal nerve fibers (Figure 2A). seen with few neurons surrounded by vacuola-
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Table 4. Mean count of axons, mean count of Oligodendrocytes and mean area of CD44 in control
and experimental groups + SD and (P value)

Count of axons o”goc;(;unr:jtrgz stes Area of CD44* ve cells  Area of CD105* ve cells
Control group | 30.9 £ 3.42* 7.8 +1.58 - -
Trauma control group Il 76 +1.32 6.1+1.28 124.21 + 22.64 111.24 + 20.74
Graft group llI 17.6 + 3.04** 15.5 + 2.08# 236.02 £ 31.87" 226.03 £ 25.97"

(Pvalue =0.01) (P value =0.03) (P value =0.01) (P value =0.01)

*significant increase compared to groups Il and Ill; **significant increase compared to group ll; #significant increase com-
pared to groups | and II; “significant increase compared to group Il.

tion (Figure 2B). Some continuous axons in the
white matter were seen with multiple oligoden-
droglia (Figure 2C). Residual graft tissue was
detected attached to the peripheral part of the
white matter (Figure 2D). At higher magnifica-
tion, the graft tissue exhibited flat nuclei and
elongated fibers (Figure 2D).

Silver impregnation results: Spinal cord sec-
tions in control group demonstrated neurofi-
brils in multiple nerve cell bodies, processes, in
the neuropil, multiple axons and some oligo-
dendroglia (Figure 3A, 3D). Neurofibrils were
seen in deformed neurons with lost processes,
disrupted axons and few oligodendroglia in
group Il (Figure 3B, 3E). Neurofibrils were evi-
dent in fewer nerve cell bodies, processes, in
the neuropil, multiple scattered and arrayed oli-
godendroglia in group Il (Figure 3C, 3F).

Immunohistochemical results

CD44 Immunostained group | showed negative
immunoexpression (Figure 4A). While in group
Il some positive spindle cells were found among
the nerve fibers (Figure 4B). In group Il multiple
positive cells were detected among the nerve
fibers and in the remaining graft tissue (Figure
4C).

CD105 Immunostained sections in group |l
some positive spindle cells were found among
the nerve fibers and in group lll multiple posi-
tive cells were detected among the nerve fibers
and in the remaining graft tissue (Figure 4D,
4E).

Morphometric results

A significant increase was found in group | com-
pared to groups Il and Il in addition to a signifi-
cant increase in group Il compared to group I
concerning count of axons. In group Il a signifi-
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cant increase was found compared to groups |
and Il as regards count of oligodendrocytes. In
group lll a significant increase was found com-
pared to group Il concerning area of CD44 &
CD105 positive cells (Table 4).

Discussion

Dogs have been chosen to study spinal cord
injuries because neurological examinations
can be performed easily, and the mechanisms
of SCI in dogs are similar to those in human
patients mainly due to vertebral fracture-luxa-
tion and disc extrusions with mixed contusion-
compression, as previously reported [21].

It's known that human spinal cord injury is com-
plex, so no one model can represent all aspects
of injury. Transection models whether complete
or partial are used to investigate neuronal
regeneration following injury with the ability to
assess axonal regeneration and functional
recovery [22]. In the present study dorsal lami-
nectomy was done with removal of 1 cm long of
the spinal cord thoracic segment. Spinal cord
injury was proved by clinical assessment of
Olby score and modified Tarlov scale [14].

Histological examinations of trauma control
group (g Il) revealed vacuolation in grey and
white matter. The grey matter showed neurons
surrounded by vacuolated areas. Disrupted
axons were detected in the white matter with
few oligodendroglia and some microglia. The
previously mentioned findings may occur due to
failure of regeneration after SCI due to a combi-
nation of factors including myelin-derived inhib-
itors, inhibitory molecules expressed by reac-
tive astrocytes near the injury site, poor intrinsic
regenerative capacity of spinal cord neurons
and a shortage of substance promoting neuron
regeneration [23]. These findings coincide with
Song et al, [24] who observed a small number
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of neurons survived in the gray matter together
with swollen axons and many vacuoles in the
remaining white matter in after SCI. Cells and
molecules associated with scar formation were
activated to form a glial scar that can limit axon
regeneration.

The necrotic and degenerated tissues were
removed by phagocytes and replaced by neuro-
glial cells at the injured site within 6 weeks
after the injury. Then, the physical separation
and neural demyelination interrupted the physi-
ological signal transduction pathway, which
was marked clinically by a partial or total loss of
sensory, motor, urine, and voluntary control of
urination and defecation [25].

Neurofibrils were seen in deformed neurons
with lost processes, disrupted axons and few
oligodendroglia in silver impregnation in group
Il. The previously mentioned results denoted
degenerative changes. It was documented that
reduced cell-cell adhesion, disruption of the
blood-spinal cord barrier, up-regulation of pro-
inflammatory cytokines, and demyelination
were found in SCI [26]. It was confirmed that
IL-8 as an early mediator of inflammation was
found to be increased, compared to control
dogs, especially in acute SCI [27].

In group Il, some CD44* spindle cells and
CD105* spindle cells were seen among the
nerve fibers. Many studies have reported that
ependymal cells (ECs) in the central canal of
the adult spinal cord serve as neural progenitor
cells [28]. It was recorded that at the site of
lesion, the functionalized cells were probably
generated from endogenous neuronal progeni-
tor cells [6]. Many experimental studies have
examined the effect of different types of grafts
including neural stem cell graft [29], scaffolds
seeded with bone marrow stromal cells graft
[30]; collagen scaffolds seeded with human
umbilical cord-derived mesenchymal stem cells
hUC-MSCs [6] on repairing of spinal cord inju-
ries. However, it was recorded that adult neu-
rons can regenerate their axons to some extent
when provided with an optimal tissue environ-
ment but growth is limited due to neuron-intrin-
sic mechanisms [31]. Using muscle as a graft
has been previously described in repairing
peripheral nerve injuries [8, 32]. To our knowl-
edge, there is no previous study used muscle
as a graft in repairing spinal cord injuries.

9337

In the view of its results the current study
showed the efficacy of muscle grafting in neuro
regeneration of the acutely injured spinal cord,
this was observed clinically as muscle graft
dogs had better motor functions and showed
improvement of gait even before the 8" week,
However the bladder functions were not recov-
ered, this can be explained by dyssynergia,
resulted from loss of supraspinal regulation,
incoordination of detrusor and sphincter con-
traction which causes a functional obstruction
that reduces the ability to void, In human uri-
nary control is complex and recovery took sev-
eral months. Loss of control over urine voiding
is a common complication after SCl and may be
permanent [33]. As reported by Olby et al, man-
agement of overflow incontinence consequent
to dyssynergia can be difficult in dogs and can
lead to urinary tract infection [34].

Histological examination of group Il showed
grey matter with multiple neurons and white
matter with apparently normal nerve fibers.
Multiple neurons exhibiting processes could be
seen with significant increase in the number of
continuous axons compared with group Il. Few
neurons surrounded by vacuolation. Some con-
tinuous axons in the white matter were seen
with multiple oligodendroglia. These results
indicated regression of degenerative changes
compared to group Il. It was documented that
muscle graft reduced migration of microglia
and decreased the expression of oxidative
metabolites [35]. It was also reported that his-
tological and morphometric data did not differ
significantly between skeletal muscle graft and
a conventional nerve graft in repairing segmen-
tary peripheral nerve defect in an experimental
animal [36].

In group lll, residual graft tissue was detected
attached to the peripheral part of the white
matter. The graft tissue exhibited flat nuclei
and elongated fibers. This may be explained by
degradation of muscle tissue after 8 weeks
and its replacement by nervous tissue. It was
documented that the skeletal muscle when
used as a graft is a useful tool for the advance-
ment of regenerated axons bridge. The muscle
has been described as the most effective histo-
logical structure for the local release of the fac-
tors when injected [37].

Neurofibrils were evident with silver impregna-
tion in fewer nerve cell bodies, processes, in
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the neuropil, multiple scattered and arrayed oli-
godendroglia with significant increase in the
number of oligodendroglia in group Il com-
pared to groups | and Il. These finding may be
explained by regenerative capacity of muscle
graft. In previous studies, it was declared that
the criteria of a useful graft used in SCI was to
provide mechanical support for axonal growth
and regeneration and to provide attachment
sites for cells via cell surface proteins [38]. The
graft has to be guide for growth of axons across
a site of injury and to be degradable [39].

Multiple positive cells among the nerve fibers
with significant increase in the mean area% of
CD44 and the mean area% of CD105 was
recorded in group Il compared to group Il con-
tributed to endogenous stem cells activation.
This may be explained by progenitor cells acti-
vation that were present in the CT or myocytes
of muscle graft or can be stimulated from
endogenous sources. Endomysium acts as
anatomical and biomechanical support to the
growth of sprouting out axons towards the dis-
tal stump, motivated by the presence of
Schwann cells in both ends initially [8]. It was
reported that regenerating axons and Schwann
cells of the injured sciatic nerve does not
require the presence of the basal lamina of
Schwann cells, but only the existence of any
cellular basal lamina, including that coming
from the skeletal muscle fibers [40]. It has
become theoretically possible to create grafts
that reconstruct nerves from tubes parallel of
basal membrane with exactly the same struc-
ture as skeletal muscles [32].

It can be concluded that skeletal muscle graft
can be successfully used as a biological scaf-
fold promoting regeneration of the injured cells
and providing some neurotrophic factors for the
growth of the neurons.
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