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Relevance. In accordance with last investigations
on trauma epidemiology both combat- and noncombat-
related extremity injuries are often accompanied with
nerve injuries [1, 2, 3].

Severe nerve trunk injuries were often observed
among military personnel who with ballistic and blast

soft tissue injuries that are more prevalent during
ongoing armed conflicts [4].

These injuries disproportionately affect young
healthy civilians and military officers who are most at
risk of traumatic injuries [2] and has a devastating
impact on a patients’ quality of life [5].
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Relevance. The investigations on trauma epidemiology have shown that both combat- and noncombat-related extremity injuries
are often accompanied by nerve injuries. These injuries disproportionately affect young healthy civilians and military officers and has
a devastating impact on a patients’ quality of life.

Severe nerve injuries, such as nerve trunk injury in continuity (Sunderland 5), that cannot be treated by neurorraphy without
tension, require use of nerve gap bridging strategies with different materials and techniques.

Objective. This study was aimed to evaluate any positive or negative impact of implanted silicon wires on the quality of nerve
fibers at distal nerve stump.

Materials and Methods. An experiment was performed on 40 male Whistar rats 2-4 month that were divided to the next groups:
I, (n=10) sham-operated, only surgical access to sciatic nerve was performed.
II (n=10) with 10 mm sciatic nerve gap that was bridged with autoneurografting.
III (n=10) with 10 mm nerve gap that was bridged with allogenic decell aorta filled with 4% carboxymethylcellulose hydrogel.
IV (n=10) with 10 mm nerve gap that was bridged with allogenic decell aorta filled with 4% carboxymethylcellulose hydrogel and

aligned p-type silicon microvires.
Decellularization of allogenic aortas was performed by freeze-thaw cycles.
Silicon whiskers were fabricated by Vapor-Liquid-Solid (VLS) method in a cold wall Catalytic Chemical Vapor Deposition (Cat-

CVD) chamber, pre-cleaned with hydrofluoric acid and sterilized via 180*C dry heat.
12 weeks after surgery under general anesthesia all rats underwent invasive needle electroneurpmyography with proximal nerve

stump stimulation and registration from gastrocnemius muscle. Myograms were recorded and compared by the shape of M-reflex and
its amplitude.

After myography rats were euthanized under thiopentone overdosage and distal stumps of injured sciatic nerves were harvested
for light microscopy.

Sciatic nerve transverse slices were stained with nitric silver by modified Bielschowsky method Nerve fiber diameter, axon
diameter, myelin sheath thickness and axon-to-nerve fiber diameter ratio (g-ratio) were measured.

Results. Performed analysis showed that rats from ²² and IV groups demonstrated the best quality of nerve fibers in distal nerve
stump. That was evidenced by bigger nerve fibers diameter in rats from autologous nerve grafting group and aorta with gel and wires
grafting group in comparison with aorta with gel grafting group. Rats from IV demonstrated higher voltage and lower latency of M-
reflexes during electromyography.

Conclusions. It can be concluded about the possible pro-regenerative impact of implanted silicon wires that was evidenced by
better nerve fibers quality at distal nerve stump.

Key words: nerve injury, peripheral nerve grafting, silicon wires
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Severe nerve injuries, such as nerve trunk injury in
continuity (Sunderland 5), that cannot be treated by
neurorraphy without tension, require use of nerve gap
bridging strategies [6]. Autoneurografting is still
considered as a gold-standard method [6] but existed
disadvantages and shortcomings of this strategy like
fascicular structure mismatch and donor site
denervation form huge request for the development of
new materials and ways of nerve grafting [7].

The aim of nerve grafting is not only to restore
anatomical integrity of the nerve trunk but to provide
successful axonal outgrow and organ re-innervation.

The functional outcomes, especially motor function
regain can be considered as primary endpoint. Keeping
in mind the importance of early events directly at nerve
injury site [8] for satisfactory recovery results the
secondary endpoints of nerve regeneration such as
nerve fibers morphometrics and its functional abilities
also must be estimated [9].

Nowadays, hollow conduits filled with hydrogels
and/or oriented filaments are considered as suitable
alternative to autoneurografting by creation of friendly
microenvironment for nerve fibers [10]. Exact this
property of nerve grafts has been proclaimed as
essential for successful nerve regeneration [11]. Recent
advances in hollow conduit fabrication were resulted in
successful introduction of some commercially available
conduits to clinical practice [12]. But such artificial
conduits still are not capable to bridge critical nerve
defects in humans.

The last research papers renewed interest in
implantation of intraluminal guides with electrocon-
ductive properties such as polyimide [13, 14]. Both
with this, semiconductor silicone seems to be perspec-
tive as for integral micro schemes fabrication and for
construction of implanted intraluminal electrodes as
part of most perspective regenerative tubular implants
for peripheral nerve interfacing [15, 16, 17].

We also consider 12 weeks after surgery as long-
term point and perform analysis exact at that term
keeping in mind average speed of nerve fibers
outgrowth and prognosed end of of axonal and
myelination phases till the end of 12 week. At this term
the functional results of regeneration reach plateau
what is considered with many researchers as stable
long-term outcomes [9, 18].

Nevertheless, the number of axons that grow
through injury site and reached distal nerve stump was
considered as direct quality indicator of successful
regeneration [19, 20], last research papers are
highlighting that quality (diameter, myelin shell
thickness, shape) of new-formed nerve fibers can be so
important as their quantity [21].

Peripheral nerve morphometry cannot be considered
anymore as a single-standing quality indicator, espe-
cially of long-term outcomes [9], that’s why electro-
physiological tests also must be performed.

Objective. This study was aimed to evaluate any
positive or negative impact of implanted silicon wires
on quality of nerve fibers at distal nerve stump.

MATERIALS AND METHODS

An experiment was performed on 40 male Whistar
rats 2-4 month, housed under natural light-dark cycle,
and free access to water and food.

All manipulations were performed in accordance to
“Rules of work using experimental animals”, approved
by order of the Ministry of Health of Ukraine and
Directive 2010/63/EU (on the protection of animals
used for scientific purposes) of the European
Parliament and Council of Europe. The research was
approved by the Committee on bioethics expertise and
scientific research ethics at Bogomolets National
Medical University, Minutes ¹ 12, 30 December 2015.

We perform all surgical interventions under
intraperitoneal thiopentone anesthesia (40 mg/kg) [22]

All rats were randomly divided to next groups:
I (n=10) sham-operated, only surgical access to

sciatic nerve was performed.
II (n=10) autoneurografting, right sciatic nerve was

exposed in mid tigh, 10 mm of nerve trunk was
removed and re-sutured to formed nerve gap with 4
epineural stitches to each stump (10/0 Daflon, B.Braun,
Germany) [6].

III (n=10) allogenic aorta grafting, after sciatic
nerve exposure and 10 mm of nerve trunk excision,
interneural gap was filled by allogenic decell aorta
filled with 4% carboxymethylcellulose hydrogel. The
conduit was sutured with 2 n-like stitches to each
stump (10/0 Daflon, B.Braun, Germany) [6].

Decellularization of allogenic aortas was performed
by freeze-thaw cycles.

IV (n=10) silicon wires grafting, after sciatic nerve
exposure and 10 mm of nerve trunk excision,
interneural gap was filled by allogenic decell aorta
filled with 4% carboxymethylcellulose hydrogel and
longitudinally oriented silicon wires (p-type, Boron-
ligated). Conduit was sutured to nerve stumps in the
same way as in III group.

Silicon whiskers were fabricated by the Vapor-
Liquid-Solid (VLS) method in a cold wall Catalytic
Chemical Vapor Deposition (Cat-CVD) chamber [23].

After fabrication silicon wires were pre-cleaned
with isopropyl alcohol, deionized water and treated
with hydrofluoric acid to remove the surface oxide
layer. After surface preparation wires were cleaned
with deionized water and sterilized via 180*C dry heat
[24].

12 weeks after surgery under general anesthesia all
rats underwent invasive needle electroneuromyography
by myographic complex (M-test 4, DX-systems,
Ukraine) with proximal nerve stump stimulation (1 Hz,
1-2,5 mA). Myograms were recorded at gastrocnemius
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muscle and compared by the shape of M-reflex and its
amplitude.

After registration rats were euthanized under thio-
pentone overdosage and distal stumps of injured sciatic
nerves were harvested for light microscopy.

Sciatic nerve transverse formalin-fixed paraffin-
embedded (FFPE) 10 mm thick slices were stained with
nitric silver by the modified Bielschowsky method
[25].

Obtained sections were examined with an Olympus
BX51 light microscope with an attached Olympus
zoom 4040 digital camera (Olympus, Japan).

At sciatic nerve transverse sections nerve fiber
diameter, axon diameter, myelin sheath thickness and
axon-to-nerve fiber diameter ratio (g-ratio) were
measured.

All digital photos were processed and all measures
were performed using ImageJ ver 1.50 software for
biomedical images analysis (freeware, NIH, USA).

Obtained statistical data were analyzed using IBM
SPSS Statistics Base v.22 SPSS Statistics Base v.22
software (IBM, USA, Bogomolets National Medical
University academic license #128 since 01.08.2016).

Distribution of obtained data was analyzed using
D’Augostino&Pearson test, differences between groups
were estimated by using the Kruskal-Wallis test with
post-hoc Mann-Whitney test. Data were presented as
Median; 95% CI ofMedian. Differences were
considered at significance level p<0.01.

RESULTS AND DISCUSSION

12 weeks after surgery all animals demonstrated no
signs of surgical site infection and injured sciatic nerve
can be subdivided to 5 parts – proximal and distal
nerve stumps, proximal and distal nerve-to-graft sites
and graft site.

At 12 week after sham operation nerve was
composed of many round-shaped nerve fibers with
thick myelin shells and round-shaped axons.

12 weeks after surgery rats from II group
(autoneurografting) demonstrated the presence of thin
and thick new-formed oval-shaped nerve fibers with
thick myelin shells and oval axons. Nerve fiber
diameter, axon diameter, myelin sheath thickness, m-
wave amplitude and latency were shown in Table 1.

There was no difference in nerve fiber diameter
between II (Autoneurografting) and I (Sham-operated)
groups (p=0,3331). Rats from this group in comparison
with sham-operated rats demonstrated lower axon
diameter (p=0,0026), thicker myelin sheath (p<0,0001).
Electromyography also registered lower m-wave
amplitude (p<0,0001) and higher latency (p<0,0001),
Figure 1, B.

Rats from III group (aorta+gel grafting) 12 weeks
after surgery demonstrated presence of round-shaped
thin and thick nerve fibers with thin myelin shells and
round axons. Nerve fiber diameter, axon diameter,
myelin sheath thickness, m-wave amplitude and latency
were shown in Table 1.

There was substantial difference in nerve fiber
diameter between III (Aorta+gel grafting) and I (Sham-
operated) groups (p<0,0001). Rats from this group in
comparison with sham-operated rats also demonstrated
lower axon diameter (p<0,0001), thinner myelin sheath
(p<0,0001). Electromyography registered lower m-
wave amplitude (p<0,0001) and higher latency
(p<0,0001), Figure 1, C.

Rats from III experimental group (Aorta+gel
grafting) in comparison with II (Autoneurografting)
group also demonstrated lower nerve fiber diameter
(p<0,0001) but showed no difference in axon diameter
(p=0,7334). Myelin sheath thickness was lower

Figure 1. EMG results. A – Sham-operated; B – Autoneurografting; C – Aorta with gel grafting; D – Aorta with gel and
silicone wires grafting

LONG-TERM OUTCOMES OF RAT SCIATIC NERVE INJURY AND ITS GRAFTING WITH SILICON WIRES-BASED CONDUIT: DISTAL
NERVE STUMP HISTOLOGY AND ELECTROMYOGRAPHY RESULTS
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(p<0,0001) and EMG showed that m-wave amplitude
was lower, but without significant difference
(p=0,0640), both with this latency was substantially
increased (p<0,0001).

12 weeks after injury rats from IV group (silicon
wires grafting) had distal nerve stump with huge
amount of round-shaped moderately myelinated new
nerve fibers. Nerve fiber diameter, axon diameter,
myelin sheath thickness, m-wave amplitude and latency
were shown in Table 1.

There was no substantial difference in nerve fiber
diameter between IV (Aorta+gel+silicone wires
grafting) and I (Sham-operated) groups (p=0,4954).
Rats from this group in comparison with sham-operated
rats also demonstrated lower axon diameter without
significant difference (p=0,0690), and no differences in
myelin sheath thickness

Rats from IV experimental group (Aorta+gel+sili-
cone wires grafting grafting) in comparison with II
(Autoneurografting) group demonstrated no differences
in nerve fiber diameter (p=0,1258), no difference in axon
diameter (p=0,1878) but lower myelin sheath thickness
(p=0,0005). EMG showed that m-wave amplitude was

significantly higher (p<0,0001), both with this, there
was no difference in latency (p=0,0440) Figure 1, D.

In comparison with II (Autoneurografting) group
rats from IV experimental group (Aorta+gel+silicone
wires grafting grafting) demonstrated larger nerve fiber
diameter (p=0,0007) but no difference in axon diameter
(p=0,0906) and thicker myelin sheath (p=0,0003).
EMG showed that m-wave amplitude was significantly
higher (p<0,0001), and latency was shorter (p<0,0001).

Performed analysis showed that rats from ²² and IV
groups demonstrated the pump quality of nerve fibers
in distal nerve stump. That was evidenced by bigger
nerve fibers diameter in rats from autologous grafting
group and aorta with gel and wires grafting group in
comparison with aorta+gel grafting group.

The obtained data are supported by Hoffman, that
showed strong positive correlation between regenerated
axons diameter and functional outcomes. Fiber and
axon diameter are the classical parameter for nerve type
identification since they have proven to be the main
determinant of conduction velocity [26]

It also was revealed that rats from II and IV groups
had thicker myelin shell than rats from III group.

Table 1
Results of statistical comparison of defined parameters. Data presented as Median, 95% CI of Median
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Bigger myelin shell thickness at distal nerve stump
in rats from II group can be explained with myelin
maturation and its incomplete compactization as it was
showed by Sanders [27].

Both with this, rats from II group got smaller in
diameter axons comparatively to the rats from ² and IV
group that can be considered as sign of excessive
sprouting [9].

Revealed changed EMG m-waves are typical for
nerves after injury and regeneration [18], both with this
amplitude latency of m-wave strongly correlates with
quality of new-formed nerve fibers [18].

Rats from II and IV groups demonstrated shape of
EMG m-reflex that was close to sham-operated group
that indicates to more complete regeneration with re-
established connections to larger amount of motor units
[18, 28].

Obtained histological data are supported by results
of EMG: decreased amplitude and increased latency of
m-rexlex in rats from III group can be considered as
relatively unsatisfactory results and indicates to
impaired or delayed nerve regeneration. In contrast to
this, rats from II and IV groups had m-reflex amplitude
that reached to this indicator in sham-operated rats and
can be considered as sign of relatively successful
regeneration and better nerve fibers quality [18, 29,
30]. Rats from all experimental groups demonstrated
prolonged latency of m-wave on EMG in comparison
with sham-operated rats, but we revealed less pro-
nounced prolongation of m-wave latency in rats from II
and IV groups in contrast with m-wave latency at III
group that shows that rats from II and IV groups had
better quality of new-formed nerve fibers.

The prospects of future research are conducting of
neurophysiological experiments on acute and chronic
silicon wires implantation with stimulation and
recording of action potentials from implanted
electrodes.

CONCLUSIONS

It can be concluded about possible pro-regenerative
impact of implanted silicon wires that was evidenced
by better nerve fibers quality at distal nerve stump,
restoration of shape, amplitude and latency of EMG m-
wave.
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