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Background. The incidence of severe peripheral nerves and plexus injuries tends to grow. Autoneurografting
is considered as a golden standard method of nerve gap bridging, but existing shortcomings such as additional
surgery measures, denervation of other segments of the body, discordance of the neurovascular structure of
the damaged nerve and autograft stipulate the development of new material and treatment methods.
Objective. The current study is aimed at estimation of the impact of silicon wires on early morphological
changes of the parts of the damaged peripheral nerve after nerve injury and grafting with the use of silicon wires.
Methods. Study was performed on Wistar rats that were divided into groups: I (n= 10) was sham-operated,
II (n=10) with 10 mm sciatic nerve gap bridged with autoneurograft, III (»=10) with nerve gap bridged
with freeze-thaw decellularized allogenic aorta filled with 4% carboxymethylcellulose hydrogel, IV (n=10)
with nerve gap bridged with same conduit as III along with longitudinal oriented silicon wires (p-type,
Boron-ligated). Parts of the sciatic nerve were harvested for histologic study: 1 week postoperatively the
proximal nerve stump, proximal stump-to-graft site and graft site itself were analyzed. 3 weeks after surgery
the proximal nerve-to-graft junction and graft site were analyzed. Longitudinal frozen sections were stained
with nitric silver via modified Bielschowsky method. The number of nerve fibers was statistically measured
and compared.

Results. It is stated that 1 week after surgery rats from groups II, I1I, and IV demonstrated signs of nerve
fibers irritation in proximal nerve stump. Proximal nerve-to-graft junction contained thin nerve fibers and
moderate amount of cells in group 1I, but a substantial amount of cells, blood vessels and newly-formed
nerve fibers in groups IIl and IV. Graft site contained degenerated nerve fibers in group II, homogeneous
semi-transparent masses in group III and same masses with silicon wires in group IV. 3 weeks after surgery
rats from group Il demonstrated heterogeneous chaotic distribution of nerve fibers at the proximal nerve-to-
junction site and heterogeneous distribution of nerve fibers at the graft site. Group 11l had proximal neuroma
site that was composed of substantial amount of chaotically oriented nerve fibers. Graft site contained thin
heterogeneously distributed nerve fibers inside the conduit, which were situated alongside the conduit wall or
close to vessels. Group IV had proximal neuroma site that was composed of newly-formed nerve fibers that
were situated in certain order and mixed with cells and vessels. At the conduit site, thin nerve fibers grow
inside conduit lumen, mixed with vessels, and shift towards the silicon wires.

Conclusions. It can be concluded about the possible tendency of the pro-regenerative effect of silicon wires,
used as a component of the nerve graft, as evidenced by more homogeneous and complete graft site neuroti-
zation along with the possible appearance of the nerve interface "nerve fiber—silicone microwire".
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Introduction

During the last decade the incidence of severe
peripheral nerves' and plexus injuries such as com-
plete nerve trunk transection or nerve injury re-
mains high in continuity and tends to grow [1].
Such nerve injuries are often observed not only
among civilians but also among war casualties [2—5].

According to well-known modern recommen-
dations on reconstructive neurosurgery, nerve re-
construction must be provided without tension [6],
so extended nerve lesions must be treated using
different bridging strategies [7] Now, Autoneuro-

grafting is considered to be a golden standard for
nerve damage reconstruction [8], but shortcomings
of this method [9] are stipulating the designing of
new tools for nerve gap bridging like hollow con-
duits etc.

As it was shown in recent experimental stud-
ies on conduit design, a hollow tube filled with hy-
drogel and longitudinal oriented structures is con-
sidered to be the most perspective tool to promote
nerve fibers growth through conduit [10, 11].

Another problem that arises from combat-
related injuries of limbs is limb loss due to trau-
matic amputations [12—14].
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Such victims of wars must be rehabilitated us-
ing the best possible high-tech prosthetic limbs.
Last advances in bionics [15] and discovery of the
presence of residual action potentials both in mo-
tor and sensory nerve fibers at the peripheral nerve
stumps of amputees [16] makes the idea of bidirec-
tional mind-controlled prosthetic limbs sound very
promising [17].

The integral part of these artificial limbs is the
peripheral nerve interface that enables the bi-direc-
tional connection between the nerve trunk and
an artificial device.

Stability in time, safeness and high fidelity of
signals are considered to be the key points of pe-
ripheral nerve interface formation [17, 18].

Some scientific reviews consider that nerve
conduits with filaments inside can be an effective
tool both for nerve regeneration and formation of
such interfaces [19] but ideal material for them is
still needed to be discovered [20].

Keeping in mind that early measures at nerve
injury place are crucial for successful nerve regene-
ration, short-term outcomes of new treatment must
be estimated with the histological study [21].

The current study is aimed at investigating the
impact of silicon wires on early stages of peripheral
nerve structure change after severe injury and
grafting.

Materials and Methods

An experiment was performed on 40 male
Wistar rats aged 2—4 month that were placed un-
der the natural light-dark cycle and had free access
to water and food.

All manipulations were performed in accord-
ance with "Rules of work using experimental ani-
mals”, approved by Decree of the Ministry of Health
of Ukraine and Directive 2010/63/EU (on the pro-
tection of animals used for scientific purposes) of
the European Parliament and Council of Europe.
The research was approved by Committee on bio-
ethics expertise and scientific research ethics at
Bogomolets National Medical University, Minutes
Ne 12, 30" of December, 2015.

All surgical interventions were performed under
intraperitoneal thiopental anesthesia (40 mg/kg) [22].

All rats were randomly divided into the next
groups:

I (n =10) sham-operated, where the sciatic
nerve was exposed, but undamaged.

II (n =10) autologous nerve grafting group,
where the right sciatic nerve was exposed in the
middle third, 10 mm of nerve trunk was removed
and re-sutured to formed nerve gap with 4 epineural
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stitches to each stump (10/0 Daflon, B.Braun,
Germany) as it was described by Hunt [7]: after
nerve ends and graft ends alignment two simple su-
tures were placed 180 degrees from one another.
Two additional sutures were placed on the anterior
and posterior sides to approximate the epineurium
and prevent fascicular extrusion.

Used model of 10 mm nerve gap on rat’s sci-
atic nerve was considered as the most common and
golden standard model for nerve regeneration study
according to the last systematic review [23, 24].

IIT (n =10) allogenic aorta grafting group,
where after sciatic nerve exposure and 10 mm of
nerve trunk excision, the nerve gap was filled with
allogenic decellularized aorta mixed with 4% Car-
boxymethyl cellulose hydrogel. The conduit was
sutured with 2 n-like stitches to each stump
(10/0 Daflon, B.Braun, Germany). as it was de-
scribed by Hunt [7]: two horizontal sutures were
placed between conduit and epineurium of the
nerve. As sutures were tightened, the nerve was
drawn into the conduit.

Decellularization of allogenic aortas was achi-
eved by two cycles of freezing at —80 °C for 2 hours
and thawing at room temperature for 1 hour [25, 26].

IV (n =10) silicon wires grafting group,
where after sciatic nerve exposure and 10 mm of
nerve trunk excision the nerve gap was filled with
allogenic decellularized aorta filled with 4% Car-
boxymethyl cellulose hydrogel and longitudinally
oriented silicon wires (p-type, Boron-ligated). The
conduit was sutured to nerve stumps in the same
way as in group IIL

50—70 um silicon wires were produced via the
VLS (Vapor-Liquid-Solid) gold enhanced CVD
method (Chemical Vapor Deposition) of silicon via
decomposition of silane in gas-flow reactors with
hot and cold walls as described by Klymovska. The
growth took place at the overall pressure of
10 mbar in the hydrogen and silane (100:1) flowing
at the rate of 100 ml/s [27]

After the production silicon wires had been
pre-cleaned with Isopropyl Alcohol for 20 minutes
at 85 °C, then treated with diluted 40% hydrofluor-
ic acid (1:100) for 2 minutes at room temperature
and out into deionized water for 15 minutes to re-
move surface oxide layer [28]. After surface prepa-
ration wires were sealed in clean glass vials and
sterilized at 180 °C dry heat for 60 minutes.

1 and 3 weeks after operating the animals
from each group were euthanized with thiopental
overdose and decapitation.

Parts of the sciatic nerve that were harvested
for histologic study: proximal nerve stump, proxi-
mal stump-to-conduit junction site and graft site
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dated 1 week after surgery, proximal stump-to-
conduit junction site and graft site dated 3 weeks
after surgery. Timing of performed analysis of
proximal stump, proximal regenerative neuroma
(nerve-to-graft junction site) and graft site at
1 week after surgery, proximal junction site and
graft site at 3 weeks after modeling matches the
data about phases of regeneration of nerve gap as it
was stated by Belkas [29].

Longitudinal frozen sections were stained with
hematoxylin and eosin for a routine examination,
were impregnated with nitric silver via modified
Bielschowsky method for the visualization of nerve
fibers [30, 31].

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

Keeping in mind that the number and density
of nerve fibers are widely used indicators of nerve
regeneration, nerve fiber amount was measured at
sciatic nerve longitudinal sections [32].

All digital pictures were processed using Im-
ageJ ver 1.50 software for biomedical images analy-
sis (freeware, NiH, USA).

Obtained statistical data were analyzed via us-
ing IBM SPSS Statistics Base v.22 SPSS Statistics
Base v.22 software (IBM, USA, Bogomolets Na-
tional Medical University academic license #128
dated 01.08.2016).

Distribution of obtained data was analyzed via
using D’Augostino&Pearson test, differences be-
tween groups were estimated via Welch’s ANOVA
tests with post hoc Welch’s t-tests [33]. Differences
were considered at the significance level p <0.01.

Results

During the 1 and the 3 weeks animals from
group I (sham-operated) demonstrated the similar
histological structure of sciatic nerve: well-oriented
nerve fibers form bundles and pass in a certain or-
der. Few of them got wave-like margins and
demonstrated hypoimpregnation.

Macroscopic examination of surgery site re-
vealed that injured sciatic nerves were composed of
5 parts: proximal and distal stumps, graft segment
and proximal and distal stump-to-graft junction
sites (neuromas).

1 week after operation rats from group II (au-
tologous nerve grafting) had proximal nerve stump
that was composed of many irritated nerve fibers
with wavy margins and demonstrated hypo- and
hyperimpregnation. End of proximal nerve stump
contained a lot of nerve fibers with signs of degen-
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eration: they got wide bulb-like segments, ovoids of
degeneration were also present.

Proximal stump-to-graft site contained a few
thin newly-formed nerve fibers that were separated
with a moderate amount of Schwann cells and fi-
broblasts. Blood vessels were rarely seen. Graft site
contained fragmented nerve fibers and some ovoids
of degeneration.

In rats from group III, proximal nerve stump
was composed of nerve fibers bundles that were
distributed homogeneously and oriented in order.
Some of them got wavy margins or demonstrated
signs of hypo- and hyperimpregnation.

The proximal nerve-to-conduit junction site
in rats from group IIl (aorta grafting) was com-
posed of a substantial amount of cells and contain
thin newly-formed nerve fibers that grew into the
lumen of conduit and mixed with a big amount of
blood vessels of different diameters. Graft site was
filled by homogeneous semi-transparent masses.

Rats from group IV had proximal nerve stump
that was composed of wavy hypo- or hyperimpreg-
nated nerve fibers that were ordered and homoge-
neously distributed.

Proximal neuroma was composed of big
amount of cells and contained thin nerve fibers
that were growing towards the conduit lumen be-
tween a big amount of cells and moderate amount
of blood vessels as it was in group III. Graft site
also was composed of homogeneous semi-trans-
parent mass and silicone wires (Fig. 1).

3 weeks after operation in group II (autolo-
gous nerve grafting) proximal neuroma site con-
tained a moderate amount of thin nerve fibers that
were situated relatively chaotically and were inter-
mixed with cells and few small blood vessels.

In turn, the graft site contained thin nerve fi-
bers that were oriented orderly and distributed het-
erogeneously, passing alongside to residue of de-
generated myelin (Fig. 2). Blood vessels were rare,
the majority of them were situated near proximal
and distal nerve-to-graft sites.

In rats from group III (conduit grafting),
proximal neuroma site was composed of substantial
amount of nerve fibers with chaotic orientation.
The majority of them was deviating from the longi-
tudinal nerve axis.

Graft site contained newly-formed thin nerve
fibers that were growing inside the conduit lumen
among blood vessels with different size and orien-
tation. Amount of cells was low. New-formed nerve
fibers were distributed relatively heterogeneously:
the majority of them were placed alongside the
conduit wall or close to blood vessels (Fig. 3).
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Figure 1: Graft site, from Aorta+gel+silicon wires grafting
group (IV), 1 week after surgery. Silicone wire surrounded with
semi-transparent mass during matrix phase
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Figure 2: Graft site, from autologous nerve grafting group (II),
3 weeks after surgery. Thin and thick nerve fibers are passing
alongside myelin residue

after surgery. Thin and thick nerve fibers are mixed with blood
vessels and rare cells, distributed heterogeneously and are
placed alongside the conduit wall

Rats from IV (silicon wires-enhanced graft-
ing) had proximal neuroma site that was com-
posed of a substantial amount of newly-formed
nerve fibers that were placed in relative order and
mixed with a moderate amount of cells and blood
vessels.

Rats from this group also had thin nerve fibers
at conduit site that grew inside the lumen of con-
duit, mixed with blood vessels and deviated to-
wards the silicon wires. Silicone wires were situated
exactly at conduit lumen and didn’t migrate any-
where. The number of cells was high and some
blood vessels that were different in diameter were
also present. Distribution of new-formed nerve fi-
bers was relatively homogeneous.

Results of morphometrical analysis and compa-
rison of nerve fibers amount are shown in the Table.

It was revealed that the distribution of nerve
fiber density fit Gaussian distribution in each group
at all postoperative terms. Wetch’s ANOVA test
showed the difference between means from each
group (p <0.0001) at analyzed sites and terms.

Post hoc t-test at proximal nerve-to-graft site
1 week after surgery showed no difference in nerve
fibers density between groups III (conduit without
silicon wires) and IV (conduit with silicon wires)
(p=0.630) and prominent difference between
groups II (autologous nerve grafting) and III (con-
duit without silicon wires) (p=0.001), together
with difference between groups Il (autologous nerve
grafting) and IV (conduit with silicon wires)
(» =0.001)

3 weeks after surgery post hoc t-test shown
significant difference in nerve fibers density at
proximal nerve-to-graft site between III (conduit
without silicon wires) and IV (conduit with silicon
wires) groups (p <0.001) both with significant dif-
ference between groups Il (autologous nerve graft-
ing) and III (conduit without silicon wires)
(p<0.001). It also was shown the difference in
nerve fibers density between groups II (autologous
nerve grafting) and IV (conduit with silicon wires)
(p =0.040).

3 weeks after surgery post hoc t-test showed
the presence of significant difference in nerve fibers
density at graft site between groups III (conduit
without silicon wires) and IV (conduit with silicon
wires) (p<0.001) both with significant difference
between groups II (autografting) and III (conduit
without silicon wires) (p<0.001). It also was
shown the significant difference in nerve fibers
density between groups II (autografting) and 1V
(conduit with silicon wires) (p = 0.041).



172

Innov Biosyst Bioeng, 2019, vol. 3, no. 3

Table: Nerve fibers density mm™' (Mean £ S.D.) at different sites of injured peripheral nerve

1 week,

Group name proximal nerve-to-graft site

proximal nerve-to-graft site

3 weeks, 3 weeks, graft site

I — Sham-operated

10077,33 + 211,88

II — Autografting 1252.0 £ 161.0

3939.0 + 666.9 3265.0 + 440.9

IIT — Conduit grafting 782.3 £ 193.1*

1265.0 £ 268.7* 836.7 + 150.6*

IV — Silicone-enhanced

. 823.1 £ 206.5*
grafting

4469.0 £ 611.9%% 3776.0 + 463.9%%

* — differs from group II; § — differs from group III.

Discussion

The presence of fan-like orientation of nerve
fibers in proximal stump site and their bulb-like
enlargement can be considered as signs of retro-
grade degeneration and endoneurium swelling in
group Il (neurografting). Both such findings are
showing the beginning of retrograde degeneration
along with the presence of irritation signs [32, 34].

Presence of the substantial amount of cells
and blood vessels that were growing into the con-
duit lumen in groups III (aorta+gel) and IV (aor-
ta+gel+Si-wires) indicates to the end of matrix
phase both with the early start of the cellular and
axonal phases of nerve regeneration at proximal
nerve-to-to graft site as it was also described [10,
34, 35]. Presence of only early signs of nerve fibers
degeneration at graft site in rats from group II in-
dicates the delay of degeneration due to possible
lack of blood supply. Semi-transparent content at
graft site on rats from groups III and IV indicates
the middle of the matrix phase.

Heterogeneous distribution of newly-formed
nerve fibers inside conduit lumen with proximity of
their location majorly near conduit inner wall and
alongside blood vessels in rats from group III (Aor-
tatgel grafting) can be attributed to inadequate
formation of extracellular matrix during early stag-
es of regeneration with possible lack of mechanical
support [10] in contrast with group Il (autologous
nerve grafting), where endoneurium tubes and
Schwann cells were preserved and group IV (Aor-
ta+gel+silicon wires grafting) where intraluminal
guides (silicon wires) were present.

Nerve fibers deviation towards the silicon
wires in IV (aorta+gel+Si-wires) may indicate the
pro-regenerative impact of intraluminal silicone
wires not only via simple mechanical support of
migrating cells and growing nerve fibers as it was
reviewed by Daly [10] but also via neurite outgrow
promotion with steady electric field raised from
p-type silicon wires.

Last findings also are in concordance with
classical in vitro and in vivo studies on nerve re-
generation and grafting with piezoelectric materials
and electrical charged polymers implantation where
pro-regenerative properties of such materials were
shown [36—38].

As it was shown during histological examina-
tion of graft site, the presence of silicon wires at
conduit lumen results in a more homogeneous dis-
tribution of nerve fibers that can be considered as a
better outcome.

High affinity between nerve fibers and semi-
conductor wires also be explained via possible elec-
trostatic interaction between polarized cell mem-
brane and constant electromagnetic field around
boron-ligated silicone wires as it was observed in
numerous in vitro experiments on neuron cultiva-
tion in presence of steady electric field [39—41]
and was described by our research group as possi-
ble Coulomb interaction.

Morphometry data showed that rats from
group IV demonstrated significantly higher values
of nerve fiber diameter amount at neuroma site 3
weeks after surgery, that indicates more homoge-
neous and full graft site neurotization due to possi-
ble silicon wires ability to create the pro-
regenerative microenvironment or assist in mim-
icking the actual tissue [42].

Conclusions

The conclusions can be made about the pos-
sible pro-regenerative effect of silicon wires that
were used as a component of the nerve graft, as
evidenced by more homogeneous and more com-
plete graft site neurotization both with a tendency
to possible nerve fiber-to-silicone wire interfacing.
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B.B. Jlixogiescbkui

PAHHI EKCNEPUMEHTAJbHI PE3YIIbTATU NIKYBAHHA TAXKUX NOWKOMKEHb NEPUGEPIWHUX HEPBIB
I3 BAKOPUCTAHHAM HUTKONOAIBHNX KPUCTANIB KPEMHIIO

MpobnemaTuka. YactoTta TSXKKMX NOLLUKOAXKEHb NepudepiiHnX HEPBIB i HEPBOBUX CMETEHb Mae TeHAEHLI0 A0 3pOCTaHHs. AyTOHenpo-
nnacTuka NpoaoBXy€e BBaXATUCS METOAOM 30/10TOr0 CTaHAAPTY B MiKyBaHHI Takux TpaBM, are Hedonikv Liei MeTOAMKM, Taki K Jo4aTKOBE
onepaTvBHE BTPYYaHHS ANS OTPUMaHHA bparMeHTiB HepBa-AOHOpa, AeHepBaLis iHWWX CerMeHTiB Tina, Hesbir My4koBOi CTPYKTypu
YLIKO[PKEHOIO HepBa 1 aytorpadTy, hopMytoTb NoTpeby B po3pobLi HOBKUX MaTepianis i METOAIB MiKyBaHHS.

Merta. BuaHayeHHs BNnNmBY HUTKOMOAIOHMX KpucTaniB kpemHito (HKK) Ha paHHi MopdonoriyHi 3MiHu TpaBMoOBaHOro nepudepiHoro Hepea
nicns TSHXKKOI TpaBMM HepBa Ta XipypridHOro fikyBaHHs i3 3actocyBaHHaM HKK.

MeToauka peanisauii. [JocnigxeHHs NpoBOAUNOCS Ha CTaTeBO3PINMX Lypax-camusax niHii Wistar, wo 6ynu posaineHi Ha Taki rpynu:
I (n = 10) — ncesgoonepoBaHi, Il (n = 10) — i3 mogentoBaHHAM 10 MM gedekTy CiAHWMYOro HepBa i BUKOHAHHAM ayTOHEWpOnnacTuku,
IIl (n = 10) — i3 mopenioBaHHAM AedeKTy HepBa, i3 NNacTVKO arnoreHHOK AeLerntonsapru3oBaHol0 aopTol Ta 4 %-HuMm kapbokcumeTun-
uentonosHum renem, IV (n = 10) — i3 mogentoBaHHAM 10 MM AedeKTy CiAHMYOro HepBa Ta MIacTUKOK arioreHHo AeLeronsapu3oBaHo
aopToto, 4 %-HUM KapbOKCUMETUILIENIONO3HUM rernem i No3aoBxHbo opieHToBaHumun HKK (p-tun, nerosaHi 6opom). Yepes 1 ta 3 TvxkHi
BVIKOHyBanu 3abip matepiany Ans riCTONOriYHOro AOCHiMKEHHA: Ha 1-My TWXHi aHani3yBanv No3foBXHi 3pi3n NPOKCMMarnbHWUX Bifpi3KiB
HepBiB, NPOKCUManbHUX pereHepauiiHnx HeBPOM i AiNAHKY rpadTiB, Ha 3-My TWXHI — AiNSAHKM NPOKCUMarnbHUX pereHepaLiitHuX HEeBPOM i
rpadTiB. OuiHOBanM Ta NOpPiBHIOBANN CTaTUCTUYHO NUTOMY KiflbKiCTb HEPBOBMX BOMOKOH.
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PesynbraTu. BctaHoBneHo, wo Ha 1-my TwxkHi nicns onepadii y wypis I, 1ll Ta IV rpyn HepBoBi BonokHa B AiNsHLi NPOKCMManbHOro Bif-
piska HepBa AeMOHCTpyBanun 03Haku nogpasHeHHs. [insHka npokcMManbHOi pereHepauinHoi HeBpomu y wypis |l rpynn mictuna TOHK
HepBOBI BOINOKHA | CepefHIo KinbKiCTb KNiTuH; y wypis |l Ta IV rpyn aHanorivyHa AinsHKa MicTuna BenuKy KinbKiCTb KMiTUH, KPOBOHOCHUX
CYOVH i TOHKI HepBOBI BorokHa. [linsHka rpadpTy micTuna fereHepytodi HepBOBI BOMokHa y Lwypis || rpynu, ogHopiaHi HaniBnpo3sopi Macu
y wypis Il rpynn n aHanoriyHi macw i3 po3amMileHMMKn B HUX KpucTanamu kpemHito B IV rpyni. 3 TwxkHI nicns onepauii B AinsHUi pereHepa-
LinHoi HeBpomM y LWypiB Il rpynu Bynu HasiBHI XaOTMYHO PO3MiLLieHi Ta HEePIBHOMIPHO PO3NoAineHi HepBOBi BOMOKHA. Ha uboMy TepMiHi
OOCTiMKEHHS B aHanoriyHin AinaHui Hepaa y wypis |l rpynyn 6ynu HasBHI XaOTUYHO OpPiEHTOBaHI HEPBOBI BOMOKHA, LLO BPOCTanu B Npo-
CBIT rpadhTy, PO3MiLLYyOUYNCb TaM HEPIBHOMIPHO, NepeBaXHO B3[0BX CTiHKM abo KpOBOHOCHUX cyauH. Y wypiB IV rpynu Ha LboMy TepMiHi
AOCHiMKEHHA NpoKCMManbHa HEBpPOMa MICTWIa BMOPSAKOBaHI HEPBOBI BOMOKHA, O PO3MilLyBanuicsa cepen BENuKOi KiMbKOCTi KMiTUH i
KPOBOHOCHUX CyAMWH. [linsiHKa KoHAYiTy MiCTuUna TOHKi HOBOYTBOPEHI HEPBOBI BOMOKHA, L0 MEPEeMEXOBaHI KNiTMHaMU Ta YUCIIEHHUMU
KPOBOHOCHUMM cyaMHaMu i BigxunsitoTbest B 6ik HKK.

BucHoBku. MoxHa roBopuTy Npo MMOBIPHY TEHAEHLiI0 A0 NOKPaLLEHHS pe3ynbTaTiB pereHepalii TpaBMOBaHOro nepndepinHoro Hepea
BHacnigok BnnmBy HKK, ski BUKOpucCTOBYBanucs sik KOMMOHEHT iMnnaHTaTta, Wo NigTBEpPOAXKYETbCA Ginbll piBHOMIPHOK Ta MOBHOM
HeBpOTU3aLlieto AiNsHKM rpadTy OAHOYaCHO i3 BiporigHUM (hopMyBaHHAM iHTepdelicy “HepBOBE BOMOKHO—HUTKOMNOAIOHWI kpucTan”.

Knrouosi cnosa: TpaBma nepudepiinHoro Hepea; HepBoBa TKaHWHA; NPOTE3yBaHHS HEPBIB.

B.B. Jlnxoguesckui

PAHHUE 3KCNEPUMEHTAIbHbIE PE3YJIbTATbI NEYEHUSA TSXXENbIX NOBPEXAEHUNA
NEPUN®EPUYECKMX HEPBOB C UCMOJIb3OBAHUEM HUTEBUOHBIX KPUCTAIIIOB KPEMHUA

Mpo6nematuka. YactoTa TsKernbIX NOBPEXAEHUI NEpUMEPUYECKMX HEPBOB U UX CMNETEHUA UMEET TEHOAEHUMIO K pocTy. AyTOHeWpo-
nnacTuka NpodormkaeT ocTaBaTbCsd METOAOM 30510TOr0 CTaHAapTa B MeYEeHUN Takux TpaBM, OAHAKO HeJoCTaTKu AaHHOW MeToauKu,
Takve Kak HeobxoAMMOCTb BbINOMIHEHUSI AOMOMHUTENBHON Oonepaumn AN nonyyYeHus pparMeHToB HepBa-AoHOpa, AeHepBauust Apyrux
CEerMeHTOB Tena, HecoBnageHue Ny4koBOW CTPYKTYPbl MOBPEXAEHHOro HepBa U aytorpadTa, co3falT noTpebHocTb B paspaboTke
HOBbIX MaTep1anoB U METOA0B JIEYEHUS.

Llenb. Onpenenexne BNuaHUS HUTEBMAHbIX kKpuctannoB kpeMHusa (HKK) Ha paHHuMe mopdonornyeckve n3amMeHeHUs TpaBMUPOBAHHOIO
nepudepnyeckoro Hepea Nocne TSHKENON TpaBMbl U XMPYPrMyecKoro feveHmnst ¢ npumeHeHnem HKK.

MeTtoauka peanusauun. ViccnegosaHne NpoBOAUIIOCH HA NOMOBO3PESbIX Kpblcax-camuax nuHum Wistar, koTopble 6binn pasgeneHsl Ha
Takve rpynnel: | (n = 10) — nceBgoonepupoBaHHsbie, Il (n = 10) — xunBOTHbIE ¢ MogenupoBaHueM 10 MM aedekta cefanuiLLHoro Hepea 1
BbINOMHEHNEM ayToHenponnacTuky, Il (n = 10) — xuBOTHbIE ¢ MogenupoBaHuem 10 MM aedekTa ceaanuHoOro HepBa, KOTopbli Bbin
3aMelleH annoreHHow AeuennionsapusnpoBaHHON aopTOW, HAMOMHEHHOW 4 %-HbiM KapbOKCUMETUNUENNIONO3HbIM rmaporenem,
IV (n = 10) — xm1BOTHbIE C MoaenvpoBaHmem 10 MM JedekTa ceganuHOro HepBaa, KOTOpbI Obln 3amMeLLeH annoreHHoN aeuennonsapu-
3MpPOBaHHON aopTON, HAaNONHeHHOW 4 %-HbIM KapboKCMMETUNLENIONO3HLIM MMAPOrenemM U NPoaorbHO opueHTMpoBaHHbiMU HKK (p-Tun,
nerupoBaHune 6opom). Yepes 1 n 3 Hegenu nposBoaunu 3abop matepuana Ans rMCToNOrM4eckoro uccneaoBaHus: Ha 1-1m Hegene aHanu-
3MpoBany MNpPOKCUMMarbHble OTPE3KW HEPBHbIX CTBOMIOB, MPOKCMMAarbHbIX pereHepauyoHHbIX HEBPOM, Ha 3-i Heaene — doparMeHTbl
NPOKCMMarbHbIX pereHepaLnoHHbIX HEBPOM, parMeHThl ydacTka rpadta. OueHmBany 1 CTaTUCTUYECKN CpaBHUBANW yAenbHOE KOMnu-
YeCTBO HEPBHbIX BOMOKOH.

Pe3ynbraThl. YcTaHOBMEHO, YTo Ha 1-# Heaene nocrnie onepaumn y kpbic I, 1l Ta IV rpynn HepBHble BOMOKHa B y4acTKke NMpOKCMMAanbHOMo
oTpeska HepBa AEMOHCTPUPOBANM NPU3HAKN PasApaXXeHusi. Y4YacToK NPOKCMMAarnbHOW pereHepauMoHHON HEBPOMbI Y Kpbic Il rpynnbi
cogepxxan TOHKMEe HepBHbIE BOSIOKHa M CpedHee KONMYeCcTBO KNeToK, Y Kpbic Ill, IV rpynn aHanornyHbIi yyacTtok cogepxan 6onbluoe
KONMMYECTBO KMETOK, KPOBEHOCHBIX COCYA0B W TOHKME HEPBHblE BOMOKHA. 3 Hegenu nocre onepauuy Ha ydactke MpOKCUMarbHOW pere-
HepaLMOHHOW HeBpOMbl Yy KpbiCc Il rpynnbl Habnoganucb XaoTUYHO PacnoNOXEeHHble Y HEPaBHOMEPHO pacnpefeneHHble HepBHble
BOJIOKHA. Ha 3ToM cpoke nccnefoBaHWs Ha aHanorM4HOM yyacTke HepBa y kpbic |l rpynnbl Habnoaanucb XxaoTUYHO PaCcMONOXEHHbIe
HepBHbIE BOMOKHA, BpacTaloLye B NPOCBET rpadTa, pacrnonoXeHHbIe TaM HepaBHOMEPHO, NPENMYLLECTBEHHO BAOSb BHYTPEHHEN CTEHKM
Unu BAONb cocyaoB. Y Kpbic IV rpynnbl Ha 3TOM CPoOKe UCCMEeAoBaHUS NPOKCMManbHas HeBpoMa cogepxana ynopsifodeHHble HepBHble
BOJIOKHA, PacrofioXeHHble cpeamn GomnbLIOro KonmyecTBa KPOBEHOCHBIX COCYAOB U KMETOK. Y4acTok rpadpta copaepxan TOHKME HOBO-
obpa3oBaHHble HEPBHbIE BOMIOKHA, NEpeMeXeBaHHble KINeTkaMmu 1 cocyfamu 1 oTkrnoHsowmecs B ctopoHy HKK.

BbiBoAbl. MOXHO roBopuTb O BEPOATHON TEHAEHLMW K YNYYLIEHUIO pe3ynbTaTtoB pereHepauuy TpaBMUpPOBaHHOIO nepudepnyeckoro
HepBa BcrieacTaue Bosgelcteua HKK, koTopble ucnonb3oBanucbk B kKavyecTBe KOMMOHEHTa UMMNaHTarta, YTo noareBepxpaetcs bonee
paBHOMEPHOW 1 MOMHOW HeBpoOTM3auMen yyactka rpadta O4HOBPEMEHHO C BepOSATHbIM chopMupoBaHMeM MHTepdelnca “HepBHOe
BOJTOKHO—HUTEBUAHbLIN Kpuctanmn’.

KnroueBble crnoBa: TpaBMa nepudeprnyeckoro HepBa; HepBHas TkaHb; NPOTE3NPOBaHNE HEPBOB.



