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LONG-TERM FUNCTIONAL AND HISTOLOGICAL
OUTCOMES OF RAT’S SCIATIC NERVE RECOVERY

AFTER SEVERE INJURY AND EXPERIMENTAL
TREATMENT WITH SILICON MICROWIRES
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Severe peripheral nerve injuries both with traumatic limb amputations constitute a substantial part in all limb injuries
especially during armed conflicts.
For nerve grafting, nerve fibers alignment and fabrication of mind-controlled prosthetic limbs the concept of
regenerative nerve implants with peripheral nerve interfacing was proposed.
Silicon showed ideal properties not only for microelictronic devices fabrication but also as a favorable growth medium
for neurons in vitro.
This study aimed at evaluating the impact of silicon wires as a part of nerve conduit on motor and sensory recovery
simultaneously with distal nerve stump neurotization using rat sciatic nerve injury model.
Materials and methods. We performed experiments on 33 male Wistar rats that were divided into the following groups:
I – sham-operated, II – those which received right sciatic nerve transection with 10 mm gap formation with
autoneurografting, III – with 10 mm nerve gap bridged by allogenic decelullarized aorta with 4%
carboxymethylcellulose hydrogel, IV – with 10 mm gap bridged by allogenic decelullarized aorta with 4%
carboxymethylcellulose hydrogel and aligned p-type boron-ligated silicon wires.
12 weeks after operation all rats were examined using von Fray filaments and by Walking track analysis method. For
histological analysis right sciatic nerves were harvested. Frozen sections were stained with H&E and nitric silver
impregnation was performed. At distal nerve stump nerve fibers density was calculated. The obtained results were
compared using nonparametric statistical tests.
Results. The histological analysis revealed differences in tissue reaction patterns between rats from autoneuro-
grafting group and conduit grafting groups.
Histomorphometric data showed that nerve fibers density in rats from group IV was significantly higher than that in rats
from group III (aorta+hydrogel grafting), but remained lower than in group II (autoneurografting).
Morphometric data were supported by functional tests data: rats from group IV demonstrated higher values of SFI
than those in group III and same as those in group II.
Conclusions. According to histological and functional data we can presume that use of silicon wires as a part of hollow
conduit improves results of injured sciatic nerve regeneration.
Key words: Peripheral nerve injury, peripheral nerve interface, silicon wires

Introduction.
According to large retrospective statistical surveys all

traumatic extremities injuries are often accompanied by
severe injuries of peripheral nerves and nervous plexus both
in peace and wartime [3, 15, 18, 22].

At the same time data on extremities injuries among
military personnel during wartime show that traumatic
amputations and limb loss are also frequently observed
especially during current armed conflicts [25, 26].

Nowadays autoneurografting is considered the gold-
standard method for severe nerve injury treatment [21],
such as Sunderland 5 degree (Class III, Neurotmesis),

nevertheless, alternative strategies such as nerve conduits
for nerve gap bridging are developing [24].

New concept for amputee’s rehabilitation includes
applying of new functional prosthetic limbs that can interact
with the patient’s nervous system [10, 20, 27].

Keeping in mind problems of axonal guidance and the
need for peripheral nerve interface formation a new concept
of regenerative hollow nerve implants was developed [4, 5
8].

This kind of nerve conduits is composed of hollow tube
with longitudinally oriented electrodes. Such regenerative
nerve implants can fit not only for axonal guidance but also
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for nerve interface formation for effective, safe and stable
connection between peripheral nerve and the external
device [6, 7].

Silicon, as semiconductor, seems to be a promising
material not only for microelectronics but also can be used
as neuron growing medium due to close adherence of
neuronal branches to silicon crystals in vitro [11, 12].
Taking this into account, we can hypothesize that silicon
wires are perspective for regenerative implant fabrication .

Aim
Current experimental study aimed at estimating the

silicon wires impact on motor and sensory hind limb
recovery both with neurotization of conduit site and distal
nerve stump using rat sciatic nerve severe injury model.

Materials and Methods
The experimental research was performed on 33 2-4

mounth old male Wistar rats, housed 4 per cage in
conditions of natural light-dark cycle and free access to
water and food.

All surgical manipulations were performed under
general anesthesia (40 mg/kg thiopentone,
intraperitoneally). All manipulations were conducted
according to the “Rules of work using experimental
animals”, approved by order of the Ministry of Health of
Ukraine.

According to experimental aim rats were divided into
the following groups:

I sham-operated (n= 3) – only surgical access to right
sciatic nerve was performed followed by the surgical
wound closure.

II Autoneurografting (n= 10) – the exposure of the right
sciatic was followed by its transection at the mid-thigh with
10 mm nerve gap formation (Sunderland V injury model).
The removed nerve trunk fragment was used for nerve gap
bridging and sutured to proximal and distal nerve stumps
with 4 epineural sutures from each side (10/0 Daflon,
B.Braun, Germany) [9]

III Allogenic aorta grafting (n= 10) – the right sciatic
nerve was exposed and transected with 10 mm gap
formation as described before. The nerve gap was bridged
with 10 mm allogenic decellularized aorta that was sutured
to nerve stumps with two n-like stithes on each side (10/0
Daflon, B.Braun, Germany) [9]. Decellularization was
performed by freeze-thaw cycles as described in Rodriguez
et al, 2012 [19].

III Silicon wires grafting (n=10) – the right sciatic nerve
was exposed and transected with 10 mm gap formation as
described before. The nerve gap was bridged with 10 mm
allogenic decellularized aorta containing 4%
carboxymethylcellulose hydrogel (Mesogel, Linteks,
Russian Federation) and longitudinally oriented silicon
wires (p-type, Boron-ligated). Conduit was sutured to nerve
stumps with two n-like stitches on each side.

During microsurgery x3,5 head magnifier Konus
vuemax-pro (Konus, PRC) was used. In each animal
surgical wound was closed with silk sutures (4/0 Silkam,
Bbraun). All animals were monitored and housed in warm
recovery cage until complete recovery from general
anesthesia.

We used silicon wires obtained from V.Ye. Laskaryov
Institute for semiconductor physics NAS of Ukraine.
Silicon whiskers were fabricated by Vapor-Liquid-Solid
(VLS) method in a cold wall Catalytic Chemical Vapor
Deposition (Cat-CVD) chamber [13].

After fabrication silicon wires were pre-cleaned with
isopropanol, deionized water and treated with
hydrofluoridic acid to remove surface oxide layer. After
surface preparation wires were cleaned with deionized
water and sterilized via dry heating.

12 weeks after operation rats from each experimental
group were evaluated for motor function recovery using
Walking track analysis method with Sciatic Function Index
calculation using McKinnon formula [23].

Rats were also evaluated for sensory function recovery
using von Fray Filaments set (Aesthesio set, Ugo Basile,
Italy).

after the functional testing animals were sacrificed by
decapitation under thiopentone overdose. Right sciatic
nerve was harvested for histological examination. After
formalin fixation, longitudinal frozen slices were prepared
and stained with H&E, impregnated with nitric silver [1],
examined and photographed using light microscope
Olympus BX51 and attached digital camera Olympus Zoom
4040 (Olympus, Japan). Obtained digital photos were
processed with ImageJ ver. 1.5 (NIH, USA, freeware)
software for biomedical images examination.

At conduit site, distal neuroma and distal nerve stump
nerve fibers density were counted using the formula
described in Yuri Chaikovsky work (personal
communications).

Statistical analysis was performed with 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
Kolmogorov-Smirnov test, also Friedman’s and T-test for
paired samples tests were used, we consider difference at
significance level p<0.05.

Results
Histology results
12 weeks after sham-operation histological analysis of

sciatic nerve in group I (sham-operated) revealed normal
sciatic nerve structure: longitudinally-oriented nerve fibers
formed bundles that were separated with thin layers of
connective tissue. Myelinated nerve fibers had clear
outlines. Blood vessels were equally disturbed (Fig.1).

Nerve fibers density was 10077,33±211,88 mm-

1(Mean±S.D.)
12 weeks after operation macroscopic evaluation

revealed proximal and distal nerve stumps connected to
graft site with two regenerative neuromas: proximal and
distal.

In experimental group II (autoneurografting) at graft
site light microscopy revealed thin newly-formed
myelinated nerve fibers. Despite the relatively poor
vascularization, majority of them passed orderly and
formed nerve bundles that were separated one from another
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with moderate amount of connective tissue, and had equal
distribution (Fig.2).

Distal neuroma site contain and great amount of the
newly-formed nerve fibers. Majority of them were thin and
passed chaotically, having unequal distribution. Between
few bundles of nerve fibers there were broad avascular
fields of loose connective tissue. Blood vessels were rare.
Some nerve fibers passed in transverse way or even had
retrograde orientation.

Distal nerve stump contained small amount of thin nerve
fibers separated with thin connective tissue layers. Amount
of Schwann cell and blood vessels were low.

Nerve fibers density in distal nerve stump was
7573,70±607,50 mm-1 (Mean±S.D.)

In animals from group III (Grafting by decell. aorta with
hydrogel) at graft site a moderate amount of the newly
formed nerve fibers were found, they formed bundles but
were situated chaotically and had unequal distribution
among huge amount of different in diameter blood vessels
and substantial amount of connective tissue (Fig.3, 4).

Fig.1. Mid-thigh of sciatic nerve. Sham-operated group.
Nitric silver impregnation.

Fig.2. Graft site. II group (autoneurografting),
12 weeks after operation. Nitric silver impregnation.

Fig.3. Graft site. III group (Grafting by decell. aorta with hydrogel)
Nitric silver impregnation

Fig.4. Graft site. III group (Grafting by decell. aorta with hydrogel)
Hematoxylin and eosin.

Distal neuroma site contained chaotically-oriented and
unequally distributed thin nerve fibers, blood vessels and
substantial amount of cells.

Distal nerve stump contained unequally distributed
small quantity of thin nerve fibers and great quantity of
Schwann cells that formed stripes.

Nerve fibers density in distal nerve stump was
3671,78±470,89 mm-1 (Mean±S.D.)

In animals from group IV (Grafting by decell. aorta with
hydrogel and silicon wires) at graft site a moderate amount
of the newly formed nerve fibers were found. Nerve fibers
bundles passed relatively orderly with equal distribution.
Majority of them passed alongside the silicon wires at the
center of conduit among huge amount of different in
diameter blood vessels and moderate amount of connective
tissue (Fig.5).

Distal neuroma contained a moderate amount of
relatively oriented and equally distributed nerve fibers.

Distal nerve stump contained moderate amount of
relatively equally distributed thin nerve fibers, and
moderate amount of Schwann cells.
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Nerve fibers density in distal nerve stump was
5544,00±662,26 mm-1 (Mean±S.D.)

Motor recovery results
Rats from group I (sham-operated) did not demonstrate

significant decrease of SFI. Animas from this group SFI =
-6,22±2,64 (Mean±S.D.).

Rats from group II (Autoneurografting) demonstrated
significant decrease of to SFI =-48,70±4,07 (Mean±S.D.).
Among rats from group III (Grafting by decell aorta with
hydrogel) SFI was decreased to -68,89±6,55 (Mean±S.D.)

Rats from group VI (Grafting by decell aorta with
hydrogel and silicon wires) showed decrease of SFI to
-51,78±6,91 (Mean±S.D.)

Sensory recovery results
Rats from group I (sham-operated) demonstrated 15 -g

paw withdrawal threshold on both hind limbs.
Animals in group II (sham-operated) demonstrated

increasing paw withdrawal threshold on injured limb to 26
g with unchanged threshold on the contralateral limb.

Animals from group III (Grafting by decell aorta with
hygrogel) showed the injured hind limb withdrawal
threshold of 60, and 15 g on the contralateral limb.

Animals from group VI (Grafting by decell aorta with
hygrogel and silicon whiskers) demonstrated the injured
hind limb withdrawal threshold of 60, and 15 g on the
contralateral one.

Statistical analysis
One sample Kolmogorov-Smirnov test showed normal

distribution of nerve fibers density and Sciatic Function
Index in all groups.

Friedman test for k-related samples showed significant
differences among values of Nerve fibers density (Chi-
Square = 27,00 df=3 p<0.01) and SFI (Chi-Square = 25,93
df=3 p<0.01) in all groups.

Paired related samples T-test shows that there is no
difference in SFI value among rats from II and IV group
(t=1,21, p=0.261); with presence of significant differences
among Nerve fibers density and SFI values between rest of
groups (p<0,01)

Discussion
According to large review studies 10 mm gap of rat’s

sciatic nerve injury model is best-fitting for nerve graft
studies and can be considered adequate for experimental
purposes.

Revealed histological picture at graft site indicated the
differences in regeneration patterns between animals from
II (autoneurografting) and III groups with group IV
(conduit grafting groups).

Histological structure of the graft site, distal neuroma
and distal nerve stump in animals from groups III and IV is
similar to such picture in axonal phase of nerve
regeneration through hollow tubes and described by Frat et
al in 2014 [5].

In rats from group III inside the graft site there were
many newly-formed blood vessels and loose connective
tissue. Nevertheless the absence of silicon nanocrystals lead
to the chaotic orientation of axons and poor functional
results.

At the same time in rats from group IV same abundance
of blood vessels was also observed. Aligned orientation and
relatively equal distribution of the newly-formed nerve
fibers indicate the ordering effect of silicon wires. Similar
effects were observed in experiments with nerve grafting
with hollow tube with inserted filaments [16, 17].

That conduit site of animals from group IV contains
bundles of nerve fibers that change their direction and
deviate toward the silicon wires is remarkable and may be
explained by hypothesis about electrostatic interaction
between the silicon wire surface and the polarized nerve
fiber membrane [14].

Fig.5. Graft site. IV group. (Grafting by decell. aorta with hydrogel
and silicon wires) Nitric silver impregnation.

Table 1.
Histomorphometric and functional experimental results.

* No differences between IV and II groups (P=0,261)

 

Group name 
Nerve fibers density in 
proximal nerve stump,  

mm-1, Mean±S.D. 

Sciatic Function Index, 
units, Mean±S.D. 

Paw withdrawal threshold 
left/right limb grams 

I Sham-operated 10077,33±211,88 -6,22±2,64 15 / 15 

II Autoneurografting 7573,70±607,50 -48,70±4,07 15 / 26 

III Grafting by decell aorta with hygrogel 3671,78±470,89 -68,89±6,55 15 / 60 

IV Grafting by decell aorta, hydrogel and 
silicon wires 5544,00±662,26 -51,78±6,91 * 15 / 26 
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The histological structure of distal neuroma has
similarities than can be observed in animals from each
experimental groups: nerve fibers change their direction
and order: bundles are often disintegrated to single-passing
fibers with large deviation angles.

In the distal neuromas in rats from groups III and IV a
substantial amount of cells are clearly observed. Their
presence can be explained by excessive cell proliferation
during cellular phase of regeneration but restricted cell
migration into conduit site due to delay in microenviroment
formation [2].

Such cell accumulation may be the reason of nerve
fibers chaotic orientation, especially in rats from group III,
where cell proliferation is clearly seen.

Chaotic orientation of nerve fibers in distal neuroma in
rats from autoneurografting group can be explained by
excessive scar formation due to sprouting nerve fibers.

Relatively unsatisfactory results in groups II
(autoneurografting) III (Decell aorta and gel grafting) can
be explained by axonal misguidance due to distal neuroma
features: lack of blood supply and excessive sprouting with
limited endoneural tubes in which they were growing;
excessive Schwann cells proliferation both with excessive
scar formation. All these reasons result in poor distal nerve
stump neurotization that in combination with improper
target reinnervation are the cause of poor functional
outcomes.

The nerve fibers passage in proximity to silicon wires at
graft site can be considered not only as their pro-
gerenerative effect, but also as their ability to form stable in
time, effective and safe peripheral nerve interface.

Conclusions
According to histological and functional data we can

presume that the use of silicon wires as a part of hollow
conduit improves results of the injured sciatic nerve
regeneration. Boron-ligated p-type silicon wires can be
perspective both for improving nerve regeneration and for
peripheral nerve interface formation.
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Â²ÄÄÀËÅÍ² ÔÓÍÊÖ²ÎÍÀËÜÍ² ÒÀ Ã²ÑÒÎËÎÃ²×Í²
ÐÅÇÓËÜÒÀÒÈ Â²ÄÍÎÂËÅÍÍß ÒÐÀÂÌÎÂÀÍÎÃÎ

ÏÅÐÈÔÅÐ²ÉÍÎÃÎ ÍÅÐÂÀ ÙÓÐÀ
Ï²ÑËß ÒßÆÊÎÃÎ ÏÎØÊÎÄÆÅÍÍß

ÒÀ ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÃÎ Ë²ÊÓÂÀÍÍß
²Ç ÇÀÑÒÎÑÓÂÀÍÍßÌ ÍÈÒÊÎÏÎÄ²ÁÍÈÕ

Ì²ÊÐÎÊÐÈÑÒÀË²Â ÊÐÅÌÍ²Þ

Âîëîäèìèð Ë³õîä³ºâñüêèé1, Àë³íà Êîðñàê1,
Ñåðã³é Îëåô³ð1, Àííà Çàá³ëà1, Ìàð³ÿ Áóêîâñüêà2,

Ìàð³ÿ Òóð³é2 , Àëëà Êëèìîâñüêà3

1 Íàö³îíàëüíèé ìåäè÷íèé óí³âåðñèòåò
³ìåí³ Î.Î. Áîãîìîëüöÿ, Êè¿â, Óêðà¿íà
2 Êè¿âñüêèé Íàö³îíàëüíèé óí³âåðñèòåò
³ìåí³ Òàðàñà Øåâ÷åíêà
3 ²íñòèòóò Ô³çèêè íàï³âïðîâ³äíèê³â
³ìåí³ Â.ª. Ëàøêàðüîâà ÍÀÍ Óêðà¿íè
Òÿæê³ ïîøêîäæåííÿ íåðâîâèõ ñòîâáóð³â, àìïóòàö³¿

ê³íö³âîê ñòàíîâëÿòü ñóòòºâó ÷àñòèíó âñ³õ òðàâì, îñîáëèâî
ó ïàö³ºíò³â, ïîñòðàæäàëèõ âíàñë³äîê çáðîéíèõ
êîíôë³êò³â. Äëÿ ïðîòåçóâàííÿ íåðâ³â, âïîðÿäêóâàííÿ ðî-
ñòó àêñîí³â òà ñòâîðåííÿ ôóíêö³îíàëüíèõ, êåðîâàíèõ
ïðîòåç³â ê³íö³âîê áóëî çàïðîïîíîâàíî ñòâîðåííÿ ìàøèí-
íèõ ³íòåðôåéñ³â ³ç ïåðèôåð³éíèì íåðâîì ó êîíöåïö³¿
òðóá÷àñòèõ ðåãåíåðàòèâíèõ ³ìïëàíò³â. Êðåìí³é º ïåðñ-
ïåêòèâíèì ìàòåð³àëîì íå ò³ëüêè äëÿ ñòâîðåííÿ ì³êðî-
åëåêòðîííèõ ïðèñòðî¿â, à é äëÿ ôîðìóâàííÿ ñïðèÿòëèâî-
ãî ì³êðîîòî÷åííÿ äëÿ ðîñòó êóëüòèâîâàíèõ íåéðîí³â in
vitro.

Ìåòîþ äîñë³äæåííÿ º âèçíà÷åííÿ âïëèâó íèòêîïîä³á-
íèõ êðèñòàë³â êðåìí³þ íà â³äíîâëåííÿ ðóõîâî¿ òà ÷óòëè-
âî¿ ôóíêö³¿ îäíî÷àñíî ç âèçíà÷åííÿì âïëèâó íà íåâðîòè-
çàö³þ äèñòàëüíîãî â³äð³çêà òðàâìîâàíîãî ïåðèôåð³éíîãî
íåðâà.

Ìàòåð³àëè ³ ìåòîäè. Ïðîâîäèëè äîñë³äæåííÿ íà 33
ùóðàõ ë³í³¿ Â³ñòàð, ùî áóëè ðîçä³ëåí³ íà ãðóïè: ² – ïñåâäî-
îïåðîâàí³, ÿêèì âèêîíóâàâñÿ ëèøå äîñòóï äî ñ³äíè÷îãî
íåðâà, ²² – ôîðìóâàâñÿ äåôåêò íåðâîâîãî ñòîâáóðà 10
ìì òà àóòîíåéðîïëàñòèêà, ²²² – ïëàñòèêà äåôåêòà 10 ìì
àëëîãåííîþ äåöåëþëÿðèçîâàíîþ àîðòîþ, IV – ïëàñòèêà
äåôåêòà 10 ìì àëëîãåííîþ äåöåëþëÿðèçîâàíîþ àîð-
òîþ, êàðáîêñèìåòèëöåëþëîçíèì ãåëåì òà íèòêîïîä³áíè-
ìè êðèñòàëàìè êðåìí³þ ð-òèïó, ëåãîâàíèìè áîðîì.

×åðåç 12 òèæí³â ï³ñëÿ îïåðàö³¿ â³äíîâëåííÿ ôóíêö³¿
ê³íö³âêè îö³íþâàëè ìåòîäîì Walking track analysis òà âî-
ëîñêàìè âîí Ôðåÿ. Äëÿ äîñë³äæåííÿ çàáèðàëè òðàâìî-
âàí³ ïåðèôåð³éí³ íåðâè, Çàìîðîæåí³ çð³çè çàáàðâëþâàëè
ãåìàòîêñèë³íîì òà åîçèíîì, ³ìïðåãíóâàëè àçîòíîêèñëèì
ñð³áëîì. Â ä³ëÿíö³ äèñòàëüíîãî â³äð³çêà íåðâà ï³äðàõîâó-
âàëè ïèòîìó ù³ëüí³ñòü íåðâîâèõ âîëîêîí. Ðåçóëüòàòè ïî-
ð³âíþâàëè íåïàðàìåòðè÷íèìè ñòàòèñòè÷íèìè ìåòîäàìè.

Ðåçóëüòàòè. Â ðåçóëüòàò³ ïðîâåäåíîãî ã³ñòîëîã³÷íîãî
àíàë³çó âñòàíîâëåí³ â³äì³ííîñò³ ó ïåðåáóäîâ³ ïåðèôåð³é-
íîãî íåðâà òâàðèí ç ãðóïè âèêîíàííÿ àóòîíåéðîïëàñòèêè
òà ãðóï ³ç âèêîðèñòàííÿì êîíäó¿ò³â. Äàí³ ã³ñòîìîðôî-
ìåòð³¿ ñâ³ä÷àòü, ùî ïîêàçíèê ù³ëüíîñò³ ðîçïîä³ëó íåðâî-
âèõ âîëîêîí â ä³ëÿíö³ äèñòàëüíîãî â³äð³çêà òðàâìîâàíîãî
íåðâà ó ùóð³â IV ãðóïè áóâ ñóòòºâî âèùèì, í³æ äàíèé ïî-
êàçíèê ó òâàðèí ²²² ãðóïè, àëå çàëèøàâñÿ ìåíøèì, í³æ ó
òâàðèí ²² ãðóïè. Äàí³ ìîðôîìåòð³¿ ï³äòâåðäæóþòüñÿ ðå-

ÎÒÄÀËÅÍÍÛÅ ÔÓÍÊÖÈÎÍÀËÜÍÛÅ È
ÃÈÑÒÎËÎÃÈ×ÅÑÊÈÅ ÐÅÇÓËÜÒÀÒÛ

ÂÎÑÑÒÀÍÎÂËÅÍÈß ÒÐÀÂÌÈÐÎÂÀÍÍÎÃÎ
ÏÅÐÈÔÅÐÈ×ÅÑÊÎÃÎ ÍÅÐÂÀ ÊÐÛÑÛ
ÏÎÑËÅ ÒßÆÅËÎÃÎ ÏÎÂÐÅÆÄÅÍÈß È
ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÃÎ ËÅ×ÅÍÈß

Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ÍÈÒÅÂÈÄÍÛÕ
ÌÈÊÐÎÊÐÈÑÒÀËËÎÂ ÊÐÅÌÍÈß

Âëàäèìèð Ëèõîäèåâñêèé1, Àëèíà Êîðñàê1,
Ñåðãåé Îëåôèð1, Àííà Çàáèëà1, Ìàðèÿ Áóêîâñêàÿ2,

Ìàðèÿ Òóðèé2, Àëëà Êëèìîâñêàÿ3

1 Íàöèîíàëüíûé ìåäèöèíñêèé óíèâåðñèòåò
èìåíè À.À. Áîãîìîëüöà, Êèåâ, Óêðàèíà
2 Êèåâñêèé Íàöèîíàëüíûé óíèâåðñèòåò
èìåíè Òàðàñà Øåâ÷åíêî
3 Èíñòèòóò Ôèçèêè ïîëóïðîâîäíèêîâ
èìåíè Â.Å. Ëàøêàðüîâà ÍÀÍ Óêðàèíû
Òÿæåëûå ïîâðåæäåíèÿ íåðâíûõ ñòâîëîâ, àìïóòàöèè

êîíå÷íîñòåé ñîñòàâëÿþò ñóùåñòâåííóþ ÷àñòü âñåõ
òðàâì, îñîáåííî ó ïàöèåíòîâ, ïîñòðàäàâøèõ âñëåäñòâèå
âîîðóæåííûõ êîíôëèêòîâ. Äëÿ ïðîòåçèðîâàíèÿ íåðâîâ,
óïîðÿäî÷èâàíèÿ ðîñòà àêñîíîâ è ñîçäàíèÿ âûñîêîôóíê-
öèîíàëüíûõ, óïðàâëÿåìûõ ïðîòåçîâ êîíå÷íîñòåé áûëî
ïðåäëîæåíî ñîçäàíèå ìàøèííûõ èíòåðôåéñîâ ñ ïåðè-
ôåðè÷åñêèì íåðâîì â êîíöåïöèè ïîëûõ ðåãåíåðàòèâíûõ
èìïëàíòîâ. Êðåìíèé ÿâëÿåòñÿ ïåðñïåêòèâíûì ìàòåðèà-
ëîì íå òîëüêî äëÿ ñîçäàíèÿ ìèêðîýëåêòðîííûõ óñò-
ðîéñòâ, à è äëÿ ôîðìèðîâàíèÿ áëàãîïðèÿòíîãî ìèêðîîê-
ðóæåíèÿ äëÿ ðîñòà è êóëüòèâèðîâàíèÿ íåéðîíîâ in vitro.

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ îïðåäåëåíèå âëèÿíèÿ
íèòåâèäíûõ êðèñòàëëîâ êðåìíèÿ íà âîññòàíîâëåíèå
äâèãàòåëüíîé è ÷óâñòâèòåëüíîé ôóíêöèè îäíîâðåìåííî
ñ îïðåäåëåíèåì âëèÿíèÿ íà íåâðîòèçàöèþ äèñòàëüíîãî
îòðåçêà òðàâìèðîâàííîãî ïåðèôåðè÷åñêîãî íåðâà.

Ïðîâîäèëè èññëåäîâàíèÿ íà õõ êðûñàõ ëèíèè Âèñ-
òàð, êîòîðûå áûëè ðàçäåëåíû íà ãðóïïû: I – ïñåâäîîïå-
ðèðîâàííûå, êîòîðûì âûïîëíÿëñÿ äîñòóï ê ñåäàëèùíî-
ìó íåðâó. II – ôîðìèðîâàëñÿ äåôåêò íåðâíîãî ñòâîëà 10
ìì è ïðîâîäèëàñü àóòîíåéðîïëàñòèêà, III – ïëàñòèêó äå-
ôåêòà 10 ìì âûïîëíÿëè àëëîãåííîé äåöåëþëëÿðèçîâàí-
íîé àîðòîé è êàðáîêñèìåòèëöåëëþëîçíûì ãåëåì, IV –
ïëàñòèêó äåôåêòà 10 ìì âûïîëíÿëè àëëîãåííîé äåöå-
ëþëëÿðèçîâàííîé àîðòîé, êàðáîêñèìåòèëöåëëþëîçíûì
ãåëåì è íèòåâèäíûìè êðèñòàëëàìè êðåìíèÿ ð-òèïà, ëå-
ãèðîâàííûìè áîðîì.

×åðåç 12 íåäåëü ïîñëå îïåðàöèè âîññòàíîâëåíèå
ôóíêöèè êîíå÷íîñòè îöåíèâàëè ìåòîäîì Walking track
analysis è âîëîñêàìè âîí Ôðåÿ. Äëÿ ãèñòîëîãè÷åñêîãî
èññëåäîâàíèÿ çàáèðàëè òðàâìèðîâàííûå ïåðèôåðè÷åñ-
êèå íåðâû. Çàìîðîæåííûå ñðåçû îêðàøèâàëè ãåìàòî-
êñèëëèíîì è ýîçèíîì, èìïðåãíèðîâàëè àçîòíîêèñëûì
ñåðåáðîì. Â äèñòàëüíîì îòðåçêå íåðâà ïîäñ÷èòûâàëè
óäåëüíóþ ïëîòíîñòü íåðâíûõ âîëîêîí. Ðåçóëüòàòû îáðà-
áàòûâàëè íåïàðàìåòðè÷åñêèìè ñòàòèñòè÷åñêèìè ìåòî-
äàìè.

Â ðåçóëüòàòå ïðîâåäåííîãî ãèñòîëîãè÷åñêîãî àíàëè-
çà óñòàíîâëåíû îòëè÷èÿ â ïåðåñòðîéêå ïåðèôåðè÷åñêî-
ãî íåðâà æèâîòíûõ â ãðóïïå âûïîëíåíèÿ àóòîíåéðîïëàñ-
òèêè è ãðóïï ñ èñïîëüçîâàíèåì êîíäóèòîâ. Äàííûå
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çóëüòàòàìè ôóíêö³îíàëüíèõ òåñò³â: òâàðèíè IV ãðóïè äå-
ìîíñòðóâàëè á³ëüøèé ïîêàçíèê SFI, í³æ òâàðèíè ²²² ãðóïè.

Âèñíîâêè. Âðàõîâóþ÷è äàí³ ã³ñòîëîã³÷íîãî, ìîðôî-
ìåòðè÷íîãî òà ôóíêö³îíàëüíîãî äîñë³äæåíü ìîæíà ïðè-
ïóñòèòè, ùî çàñòîñóâàííÿ íèòêîïîä³áíèõ êðèñòàë³â êðåì-
í³þ ÿê êîìïîíåíòà òðóá÷àñòîãî êîíäó¿òà ïîêðàùóº
ðåçóëüòàòè ðåãåíåðàö³¿ ñ³äíè÷îãî íåðâà ï³ñëÿ òÿæêîãî ïî-
øêîäæåííÿ.

Êëþ÷îâ³ ñëîâà: Òðàâìà ïåðèôåð³éíîãî íåðâà, ³íòåð-
ôåéñ íåðâ-êîìï’þòåð, íèòêîïîä³áí³ êðèñòàëè êðåìí³þ.

ãèñòîìîðôîìåòðèè ñâèäåòåëüñòâóþò, ÷òî ïîêàçàòåëü
óäåëüíîé ïëîòíîñòè ðàñïðåäåëåíèÿ íåðâíûõ âîëîêîí â
äèñòàëüíîì îòðåçêå òðàâìèðîâàííîãî íåðâà ó êðûñ IV
ãðóïïû áûë ñóùåñòâåííî áîëüøå, ÷åì äàííûé ïîêàçà-
òåëü ó æèâîòíûõ III ãðóïïû, îäíàêî, îñòàâàëñÿ ìåíüøå,
÷åì ó æèâîòíûõ II ãðóïïû. Äàííûå ìîðôîìåòðèè ïîä-
òâåðæäàþòñÿ ðåçóëüòàòàìè ôóíêöèîíàëüíûõ òåñòîâ:
Æèâîòíûå IV ãðóïïû èìåëè áîëüøèé ïîêàçàòåëü SFI, ÷åì
æèâîòíûå III ãðóïïû.

Òàêèì îáðàçîì, ó÷èòûâàÿ äàííûå ãèñòîëîãè÷åñêîãî,
ìîðôîìåòðè÷åñêîãî è ôóíêöèîíàëüíîãî èññëåäîâàíèé,
ìîæíî ïðåäïîëîæèòü, ÷òî ïðèìåíåíèå íèòåâèäíûõ êðèñ-
òàëëîâ êðåìíèÿ êàê êîìïîíåíòà òðóá÷àòîãî êîíäóèòà
óëó÷øàåò ðåçóëüòàòû ðåãåíåðàöèè ñåäàëèùíîãî íåðâà
ïîñëå òÿæåëîãî ïîâðåæäåíèÿ.

Êëþ÷îâûå ñëîâà: Òðàâìà ïåðèôåðè÷åñêîãî íåðâà,
èíòåðôåéñ íåðâ-êîìïüþòåð, íèòåâèäíûå êðèñòàëëû
êðåìíèÿ.
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