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MopdodyHKLUMOHANbHAA OLEHKA MbILLL, FOJIeHU

U CTONbI Noc/ie ayTOHEUPOMIACTUKKU pe3eKLUOHHOIr0
nedeKra bonblebepLioBoi nopuuM ceganuLLHOro HepBa
B3POC/bIX KpbIC U OJ4HOKPATHOU MHTpaonepaLuoHHOM
3/IeKTPOHEUPOCTUMYNALUM

H. A. LLlyano, T. H. Bapcerosa™, T. A. CtynuHa, H. B. Ky6pak

HaumoHanbHbI MeaUUMHCKWI UcCnefoBaTeNbCKUIA LIEHTP TPaBMaTonorun 1 opToneaumn uMeHn akagemuka . A. Mnusaposa, KypraH,
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AHHOTALUNA

BsedeHue. B nutepatype OTCYTCTBYKOT AaHHble O BAMAHUM OOHOKPATHOWM MHTPAOMepaLMOHHON 3IEKTPOCTUMYNALIMM
(M3C) Ha cocToAHME MBILLL, FONEHN W CTOMbI B OTAANEHHBIE CPOKM MOC/Ee ayTOMIacTUKX CefanmLLIHOr0 HepBa y B3pOCHbIX
KpbIC.

Leno. W3yuntb Mop@odyHKUMOHAMbHBIE XapaKTEPUCTMKM MbILL, TOMEHM W CTOMbI MOCNE ayTOHEeMPOMIacTUKM
pe3eKLMoHHOro fedeKTa bonbluebepLoBo NOPLMM CEAANULLHOIO HEpBa B3pOCbIX KpbiC M ogHoKpaTHom U3C.

Mamepuanel u Memodel. 3KcnepuMeHT BbinosiHeH Ha 30 Kpbicax nnHuM Wistar, KoTopbIM nocne pe3eKumn yqacTka
60/bLIe6epLOBOM NOPLUMKM CeanuLLHOr0 HepBa Obina BbIMOSHEHa ayToHeMponnacTuka (AH). 14 Kpbicam nposenwut
40-MuHyTHBIM ceaHc U3C (cepma AH + U3C). 16 kpeicam MIC He npoBoamnm (cepua AH). Yepes 4 n 6 mecAueB nocne
onepauMu MeTOOOM aHanu3a CnefoB-0TNEYATKOB Jlan KpbiC Ha MELLEeXOOHOWM [OPOMKe paccyuTany MHOEKC (QyHKLMK
bonbluebepuoBoro Hepsa (aHrn.: tibial nerve function index, TFI). B 3TW e CPOKM NpoBenM CBETOBYI0O MWUKPOCKOMMIO
1 rMCTOMOPGOMETPUI0 NapaPUHOBBIX U IMOKCUAHBIX CPE30B MKPOHOMHBIX M MNOSOLLIBEHHBIX MEHKKOCTHBIX MbILLLL. YCNOBHBIN
KOHTPOJIb — MbILLILbI UHTAKTHBIX KOHEYHOCTEN.

Pesynemameoi. B vkpoHorkHOM Mbiwle cepumn AH + U3C no cpaBHeHuio ¢ cepuein AH MeHee BbiparkeHa aTpodus
MBILUEYHBIX BOMOKOH M ¢Mbpo3 3HAOMM3MA, 3ddeKT onocpefoBaH YCUNEHWEM BackynApu3auun. B nopoluBeHHbIX
MEXKOCTHBIX MbILILAX Yepe3 4 MecAua nocne onepauuu 06bEMHaA MOTHOCTb KPOBEHOCHBIX COCYAOB B cepuu AH +
N3C cocraeuna 7,35 (5,49; 8,69), uto bonblue, Yem B cepumn AH — 3,43 (2,02; 5,59), p = 0,0196. InaMeTpbl MbILLEYHbIX
BOJIOKOH M 06BbEMHasA MNOTHOCTb 3HOOMU3WA BbiM conocTaBuMbl. Yepes 6 MecsLEB mocne onepaumu B 0bemx cepusx
nporpeccuposan ¢ubpo3 sHLOMU3MA, ofHako B cepum ¢ AH + M3C MMONaTUYECKN M3MEHEHHbIE MbILLEYHbIE BOJSIOKHA
BCTpeYanuch pexke. Yepes 6 Mecaues Habmiogenus B cepum AH + M3C TFI nosbicunca (-47,95) u ctan 6onble (p = 0,0339),
yeM B cepum AH, B KoTopoii TFI cTan ewe 6onee HU3KKMM (-93,64), yeM bbin vepes 4 MecaAua (-81,95) onbiTa.

3aknoyeHue. OpHorpatHaa M3C no3BonAeT yMeHbLUWTb CBA3aHHble C MOBPEMIEHMEM HEpBA U B3pOCIEHUEM
LEeHepBaLIMOHHblE U3MEHEHUA UKPOHOMHBIX M MEXKKOCTHBIX NMOAOLUBEHHBIX MBILLLL, @ TaKMHKe yNyyLmnTb 60/bliebepLIoBbIN
QYHKUMOHANbHBIA UHAEKC B OTAANEHHBIE CPOKM NOCE ayTOHEMPONIACcTUKM.
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Morphofunctional Assessment of Muscles

of the Lower Leg and Foot after Autoneuroplasty
of Resection Defect of Tibial Portion

of the Sciatic Nerve and Single Intraoperative
Electrical Neurostimulation in Adult Rats

Natal'ya A. Shchudlo, Tat’yana N. Varsegova™, Tat'yana A. Stupina,
Nadezhda V. Kubrak

National Medical Research Center of Traumatology and Orthopedics, Kurgan, Russian Federation

ABSTRACT

INTRODUCTION: There are no data in the literature on the effect of a single intraoperative electrical stimulation (IES)
on the condition of the muscles of the lower leg and foot in the long-term period after autoplasty of the sciatic nerve in
adult rats.

AIM: To study morphofunctional characteristics of muscles of the lower leg and foot after autoneuroplasty of a
resection defect of the tibial portion of the sciatic nerve and a single IES in adult rats.

MATERIALS AND METHODS: The experiment was performed on 30 Wistar rats who underwent autoneuroplasty (AN)
after resection of the tibial portion of the sciatic nerve. Fourteen rats underwent a 40-munite IES session (AN + IES series).
In 16 rats IES was not conducted (AN series). At 4 and 6 months after the operation, the tibial nerve function index (TFI) was
calculated by analyzing rats’ paw traces on a walking track. At the same time, light microscopy and histomorphometry of
paraffin and epoxy sections of gastrocnemius and plantar interosseous muscles were performed. A conventional control
was muscles of intact limbs.

RESULTS: Atrophy and endomysial fibrosis were less expressed in the gastrocnemius of the AN + IES series in
comparison with AN series, the effect was mediated by enhancement of vascularization. In plantar interosseous muscles
at 4 months after the operation, the volume density of blood vessels in the AN + IES series was 7.35 (5.49; 8.69), which
was greater than in the AN series — 3.43 (2.02; 5.59), p = 0.0196. Diameters of muscle fibers and volume density of
endomysium were comparable. At 6 months after the operation, endomysial fibrosis progressed in both series, but in the
AN + |ES series, myopathically altered muscle fibers were less commaon. After 6-month observation, TFl increased (-47.95)
in the AN + |ES series and became higher (p = 0.0339) than in the AN series, in which TFI became even lower (-93.64) than
it was after 4 months (-81.95) of the experiment.

CONCLUSION: A single IES permits to reduce the denervation alterations in the gastrocnemius and plantar interosseous
muscles conditioned by damage to the nerve and maturation, and also to improve the tibial nerve function index in the long
term after autoneuroplasty.

Keywords: rats; nerve; autoneuraplasty; intraoperative electrical stimulation; gastrocnemius, plantar interosseous muscles;
histomorphometry
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LIST OF ABBREVIATIONS

AN — autoneuroplasty
IES — intraoperative electrical stimulation
TFl — tibial nerve function index

INTRODUCTION

Despite the regenerative capacity of the peripheral
nervous system fibers and the phenomenon of neural
plasticity, injuries to peripheral nerves significantly
impair the quality of life of patients causing long-
term disorders of sensitivity and movement. Anatomic
transections of nerves require surgical interventions,
and if the direct suturing of the proximal and distal
ends of the transected nerve is unfeasible, the gold
standard of the restorative surgery is considered to be
the autoneuroplasty [1].

After the primary nerve suture, full functional
recovery is achieved in only 10% of cases [2], and
after the autoneuroplasty good results are possible in
patients under 25 years old [3]. The results of the nerve
autoneuroplasty on the lower limb are worse than on the
upper limb [4].

Along with the improvement of reconstructive nerve
surgery methods, numerous molecular and bioengineering
strategies of improving neuroregeneration including
methods of electrical stimulation, are being developed in
experiments on animals [5]. Of particular interest for clinical
practice is a single intraoperative electrical stimulation
(IES). Its positive effect on the neuroregeneration and
functional recovery has been proven in different nerve
damages in a pelvic limb of rats [6].

The effect of IES on the results of nerve defect repair
showed ambiguous results. With nerve regeneration
via a collagen gel conduit, nerve repair and functional
restoration of the limb were improved in the 10- and
60-minute IES series compared to the non-stimulated
control over 12 weeks of the experiment [7]. In similar
experiments with autoplasty, 10-minute IES revealed a
reliable difference in the thickness of regenerated nerve
fibers at 6 weeks after surgery, but IES did not influence
the severity of gastrocnemius muscle atrophy [8].

In the available literature, we did not find data on
the effect of a single IES on the condition of the muscles
of the lower leg and foot in long-term periods after
autoplasty of the sciatic nerve in adult rats.

The aim of this study to morphofunctional
characteristics of the muscles of the lower leg and
foot after the autoneuroplasty of a resection defect
of the tibial portion of the sciatic nerve and a single
intraoperative electrical neurostimulation in adult rats.
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MATERIALS AND METHODS

In the operating room, 30 Wistar laboratory rats
(male gender, 8—15 months old, weighing 360 g—460 g),
underwent an extra-projection incision of skin at the
level of the middle third of thigh to provide access
to the right sciatic nerve through the biceps muscle
using a sharp-blunt method. Under 8-fold magnification
of the operating microscope (OPMI-6, Germany), using
a sharp vascular microprobe and iridectomy scissors,
epifascicular longitudinal epineurotonic incisions
were performed to isolate the tibial portion of the
sciatic nerve. After resection of a 6 mm long portion,
interfascicuar autologous plasty of the resulting defect
was performed using microsurgical suturing material
of 9-0 and 10-0 caliber.

Sixteen rats constituted a non-stimulated control
group: after completion of the autoneuroplasty (AN),
the wound was sutured layer-by-layer with 3-0 caliber
resorbable suture material (AN series). In 14 rats,
immediately after AN, electrodes were installed on the
proximal part of the nerve. Using NeySi-3M (registraition
certificate No. FSL 2011/10004), the proximal part of
the nerve was electrically stimulated with monopolar
square-wave electrical pulses of 0.25 mA amplitude, 20
Hz frequency and 100 ym duration for 40 minutes, after
which the wound was sutured — AN + IES series.

The experiment was carried out in accordance with
the European Convention for the Protection of Vertebrate
Animals, 2010/63/EU Directive of the European
Parliament and of the Council of the European Union on
the protection of animals used for scientific purposes and
SP 2.2.1.3218-14; GOST 33217-2014; GOST 33215-2014.
The study design was approved by the Ethics Committee
of the institution (Protocol No. 2 (57) of May 17, 2018).
The animals were kept in controlled hygienic conditions,
had access to water and food. For anesthesia and pain
relief, the animals were administered intramuscularly 0.8
mg of xylazine hydrochloride and 0.4 mg of tiletamine/
zolazepam per 100 g of body weight; the hair was cut on
the right thigh and the lower leg.

To ensure comparability of the experimental groups
by age, on each surgical day a pair of rats was operated
on: one rat without stimulation, the other one with
stimulation; in one pair of eight-month-old rats, both
were without stimulation.
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The animals were withdrawn from the experiment
at 4 and 6 months after the operation. Samples of
gastrocnemius muscles and foot fragments were fixed
in 10% neutral formalin solution with decalcification
of feet in a mixture of hydrochloric and formic acids,
and were embedded in paraffin according to a standard
method. Transverse paraffin sections (5 pm-7 pm)
of gastrocnemius muscles and total sections of foot
fragments preserving topography and histoarchitecture
of the muscles, were prepared on HM 450 microtome
(Thermo Scientific, USA), stained with Masson three-color
method, with hematoxylin and eosin. After aldehyde-
osmium fixation, a part of samples was embedded in
araldite; using diamond knives, semi-thin sections
(1 pym) were prepared on a Nova LKB ultramicrotome
(Sweden) and stained with methylene blue, azure Il and
basic fuchsine.

Sections were microscopied in an AxioScope.Al
microscope with obtaining full-color digital images using
an AxioCam digital camera (Carl Zeiss Microlmaging
GmbH, Germany). The average diameters of muscle
fibers (200-400 fibers in each animal) were measured in
the Video-Test Master Morphology 4.0 software, at 400x
magnification. The quantitative ratio (%) of muscle fibers,
endomysium, and blood vessels was determined in the
PhotoFiltre 7 program at 400x magnification using a test
grid of equally spaced points with transparent centers
using the point-counting volumetry method.

The control group included 9 adult intact rats close
in age to the operated rats at the time of euthanasia —
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16-18 months (in this group there were no statistically
significant differences between the studied quantitative
parameters).

The functional recovery of the limb was assessed at
4 and 6 months after the operation using walking track
analysis (Figure 1) and calculation of tibial nerve function
index (TFI). TFI = 0 — normal function, TFI = -100 —
complete loss of function. The formula modified by
J. R. Bain, et al. was used [9]:

TFl = -37.2 (EPL — NPL)/KPL + 104.4 (ETS - NTS)/
NTS + 45.6 (EIT — NIT)/NIT - 8.8,

where PL is the length of the footprint from the heel
to the third toe, TS is the distance between the first
and fifth toes, IT is the distance between the second
and fourth toes, NPL, NTS and NIT are the data of the
non-operated (contralateral) limb, EPL, ETS and EIT are
the data of the experimental (operated) limb (Figure 1).
For the calculation, manual measurements of the
parameters in mm were used.

Statistical data processing was performed
using the Attestat computer program, version 9.3.1
(developer I. P. Gaidyshev, Rospatent registration certificate
No. 2002611109). Samples were tested for normal
distribution of values using Kolmogorov test. Pairwise
comparison of animal groups was performed using
Mann-Whitney and x? tests. Parameter values were
presented as medians and quartiles Me (Q; Q,).
Differences were considered significant at p < 0.05.

Fig. 1. Footprints of rats on a walking track: (a) AN series, (b) AN + IES series.
Notes: PL is the distance from the heel to the third toe, TS is the distance between the first and fifth toes, IT is the distance between the second
and fourth toes; EPL, ETS and EIT are the measurements on the experimental limb, NPL, NTS and NIT are the measurements on the non-operated

limb; AN is autoneuroplasty, IES is intraoperative electrical stimulation.
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RESULTS

In the gastrocnemius and plantar interosseous
muscles of the operated rats, similar alterations
of muscle fibers and connective tissue sheaths
were identified associated with a long denervation-
reinnervation process. In the gastrocnemius muscle,
perimysium and endomysium layers were thickened in
comparison with the intact gastrocnemius muscle of
rat (Figures 2, 3). In a part of nerve trunks, epi- and
endoneural edemas were present and also nerve fibers
with reactive-destructive alterations (Figure 2c).

Muscle fibers of gastrocnemius muscles and plantar
interosseous muscles were variable in size and shape
of cross-sectional profiles: atrophied and hypertrophied
fibers were encountered, a part of them lost polygonality
and acquired rounded shape, some fibers acquired
angular shape (Figures 2-5), alterations in shape were
more often recorded in the plantar interosseous muscles.
Reactive-destructive alterations in some muscle fibers
included the appearance of small vacuoles, irregular
contours, disappearance of striated pattern, non-uniform
staining (Figures 2c, 2f), displacement of nuclei toward
the center (Figures 2b, 2e, 4b, 4c, 5b).

Fig. 2. Gastrocnemius muscle of rats at 4 months of the experiment: (a—c) AN series; (d—f) AN + IES series.

Notes: transverse paraffin sections, stained with hematoxylin and eosin, 100x magnification (a, d), stained with Masson three-color method,

400x magnification (b, e) transverse semi-thin sections, stained with methylene blue, azure Il and basic fuchsine, 1000x magnification (c, f).
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Fig. 3. Gastrocnemius muscle of rats at 6 months of the experiment: (a, d) control; (b, c) AN series; (e, f) AN + IES series.
Notes: transverse paraffin sections, stained with Masson's three-color method, 400x magnification (a, e); transverse semi-thin sections, stained
with methylene blue, azure Il and basic fuchsine, 400x (b), 1000x magnification (c, d, f).

At 4 months, individual muscle areas with pronounced
atrophy and necrobiotic degradation of a number of
muscle fibers, edema of the sheaths, an increased
number of microvessels, individual hemorrhagic foci,
accumulation of fibroblastic cells and lymphocytes were
noted. Such areas (Figures 2a, 4b) were more typical of
the AN series and were found much less frequently in
the muscles of rats of the AN + IES series.

DOI: https://doi.org/10.17816/PAVLOVI456407

At 6 months of the experiment, signs of fibrous
replacement of muscle fiber bundles progressed in the
plantar interosseous muscles in both series (Figures
5a, 5¢). Histomorphometric study of the gastrocnemius
muscles (Table 1) showed that at 4 months after the
autoneuroplasty of the tibial portion of the sciatic nerve,
the decrease in the average diameter of muscle fibers
compared to the control was more pronounced in the
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Fig. 4. Plantar interosseous muscle of rats at 4 months of the experiment: (a, b) AN series; (c, d) AN + IES series.
Notes: transverse paraffin sections, stained with Masson's three-color method (a, c), hematoxylin and eosin (b, d); 400x magnification.

N e ;
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Fig. 5. Plantar interosseous muscle of rats at 6 months of the experiment: (a, b) AN series; (c, d) AN + IES series.
Notes: transverse paraffin sections, stained with Masson's three-color method (a, c), with hematoxylin and eosin (b, d); 400x magnification.
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AN series by 43% (p < 0.05), and by 24% in the AN + IES
series (p < 0.05). The volume density of capillaries in the
series with stimulation twice exceeded the control and
the AN series (Table 1), indicating better blood supply
to the muscles. The volume density of endomysium
compared to the control was increased in both series
(p < 0.05), 2.2 times in AN series and only 1.4 times in
the AN + IES series.

Table 1. Quantitative Characteristics of Gastrocnemius Muscles

Vol. 32 (4) 2024

. P Pavlov Russian
Medical Biological Herald

At 6 months after the operation, the mean diameters
of muscle fibers remained reduced relative to the
control (Table 1). The volume density of capillaries in
stimulated animals, as at 4 months of the experiment,
twice exceeded the values in control and non-stimulated
animals. The volume density of endomysium in the
gastrocnemius muscle exceeded the control only in the
AN series, and in stimulated animals the parameter did
not differ from the control (Table 1).

4 months of experiment 6 months of experiment Cantrol
ontrol,
Series 1 (AN), Series 2 (AN and IES), Series 1 (AN), Series 2 (AN and IES), n=9
n=8 n=7 n=8 n=7
Muscle fiber diameter, Me (Q;; Q,), ym
28.68 39.92 3722 41.10 52.80
(19.91; 37.68) (33.24; 46.90) (29.27; 61.91) (34.33; 47.15) (44.20; 60.93)
p'™=0.00052* o7 =000146* p'™=0.00053* o> =0.00085*
p'~=000195* p' =0.04914*
Volume density of blood vessels, Me (Q,; Q,), %
2 4 2 4 2
(2;3) (3; 5 (1;3) 3;9 (1;3)
pl* = 0.023845 P =327 x 107 p'+ = 0.09758 p?* = 0.000017
p'? = 0.004078 p' = 0.004026
Volume density of endomysium, Me (Q,; Q,), %
11 7 6 5 5

(8; 14) (5;8) 511 &;7) @3;6)
p'™=7x107 > =0015757 p'™=0001678 o’ =076819
p?=2x107 p'=000193

Notes: Mann-Whitney test was used; p*' — comparison of control and series 1 (AN); p*? — comparison of control and series 2 (AN and IES);
p'~2 — comparison of series 1 and series 2; AN — autoneuroplasty; IES — intraoperative electrical stimulation
Table 2. Quantitative Characteristics of Plantar Interosseous Muscles

4 months of experiment 6 months of experiment Control

ontrol,
Series 1 (AN), Series 2 (AN and IES), Series 1 (AN), Series 2 (AN and IES), n=9
n=8 n=7 n=8 n=7
Muscle fiber diameter, Me (Q; @), pm
17.07 19.01 17.01 14.1 21.52
(13.54; 22.87) (13.81; 24.39) (11.43; 20.52) (9.41;16.79) (17.13; 25.31)
pl=2x107 p?=3x107 p"'=0.0001 P2 =0.0001
Pl = 04532 pri=7x10°
Volume density of blood vessels, Me (Q; Q,), %
3.43 7.35 6.66 (5.01; 7.51) 5.72 8.18
(2.02; 5.59) (5.49; 8.69) pT=0.0266 (4.06; 6.56) (6.51; 11.45)
pt! = 0.0007 0% =03088 0’7 =02234 P~ = 0.0006
p'2=0.0196
Volume density of endomysium, Me (Q; Q,), %

28.51 20.51 40.68 46.33 18.15
(19.32; 41.58) (17.99; 29.29) (30.66; 56.68) (44.25; 54.33) (17.01; 19.79)
! = 0.0009 2 =0.0708 Pl =201 x 107 P2 =1.98 x 10°
p2=00121 p'? = 03544

Notes: Mann-Whitney test was used; p*"' — comparison of control and series 1 (AN); p“? — comparison of control and series 2 (AN and IES);

p'2 — comparison of series 1 and series 2; AN — autoneuroplasty; IES — intraoperative electrical stimulation
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Histomorphometric analysis of the plantar
interosseous muscles showed that at 4 months after
the operation, the diameter of muscle fibers in the AN
series was 20.6% reduced relative to the control, and
11.6% reduced in the AN + IES series, with no statistical
differences between the series (Table 2). At 6 months
after the operation, this parameter remained below the
control in both series, in non-stimulated animals, the
diameter of muscle fibers was greater (p < 0.05) than
in stimulated rats (Table 2), which is associated with
hypertrophy of most part of fibers (Figures 5a, 5b). The
volume density of microvessels in the AN + IES series
was higher than in the AN series only at 4 months
after the operation, at 6 months the differences in this
parameter were statistically insignificant (Table 2). The
volume density of endomysium at 4 months after the
operation was lower in stimulated animals compared
with stimulated ones, and at 6 months, the parameter
significantly increased in both groups, more than twice
exceeding the control (Table 2).

Analysis of rat footprints on a walking track at 4
months after the autoneuroplasty of the tibial portion
of the sciatic nerve, showed a significant disturbance in
the function of the operated limbs of both series, more
pronounced (p = 0.1649) in non-stimulated animals: in
the AN series, the functional index was -81.95 + 15.85,
and in the AN + IES series it was -69.19 + 8.57. At
6-months follow-up, the functional index in the AN + |ES
series increased to -47.95+20.76, which is regarded as
positive dynamics, and became reliably higher (p =0.0339)
than in the AN series, where the functional index
appeared to be even lower than at 4 months, and was
-93.64 + 12.51, which evidences preservation of regress
of the motor function in non-stimulated animals.

DISCUSSION

In most experimental developments of novel nerve
reconstruction methods, either young [10], or very old
rats are used [11]. According to the epidemiological
analysis of nerve injuries in the clinic, the mean age of
victims exceeds 40 years with two peaks at the age of
24 and 56 years [12]. The periodization of the age of
rats relative to the human age has not been studied in
detail, however, it is known that 12-month-old Wistar
rats compared to 8-month-old rats, have reduced
antioxidant blood activity [13] and pronounced metabolic
syndrome [14]. To improve the translation of the results
of experimental studies into the clinical practice, we
tried to take these data into account in determining the
age composition of the experimental groups.

The clinical relevance of investigating the
regeneration of the sciatic nerve in the experimental
animals is conditioned by its frequent injury in combat
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situations [15] and in hip arthroplasty surgeries [16, 17].

In our study, we obtained the first evidence of the
effect of a single intraoperative electrical stimulation
on the morphofunctional characteristics of the lower
leg and foot muscles in the long term (4 and 6 months)
after autoplasty of the resection defect of the tibial
portion of the sciatic nerve. It was found that in the
gastrocnemius muscle of stimulated animals, compared
to non-stimulated ones, muscle fiber atrophy and
endomysial fibrosis were less pronounced, the effect
being mediated by increased vascularization. The most
clinically significant result obtained in this study is that
in stimulated animals, the sciatic functional index was
improved in comparison with non-stimulated animals
during up to 6-month period after surgery, despite the
fact that at this time many animals either approach the
age of aging-related sarcopenia or even exceed it. It is
known that in Wistar rats, a decrease in the mass of the
calf muscles, dysfunction of neuromuscular junctions,
gait disturbances and changes in the numerical and
dimensional composition of muscle fibers are detected
already at 18 months of age [18], and similar changes
are detected in the calf muscles in humans [19].

The sciatic functional index depends on the condition
of not only of the lower leg muscle, but also of muscles
of foot. At 4 months after the operation, the volume
density of blood vessels in the plantar interosseous
muscles, as in the gastrocnemius muscle, was reliably
higher in the stimulated animals than in non-stimulated
ones, but the diameters of muscle fibers and the volume
density of endomysium were comparable. At 6 months
after the operation, endomysial fibrosis progressed
in both series. However, in the series with electrical
stimulation, muscle fibers with myopathic alterations
were less common.

Progression of the endomysial fibrosis of the
plantar interosseous muscles at 6 months was
probably associated with the development of age-
related sarcopenia. According to other authors, in adult
rats, the expression of neural cell adhesion molecule
NCAM1 is reduced, and the level of Gadd45a protein
regulating biogenesis of mitochondria and differentiation
of preadipocytes, is increased compared to young rats,
which documents maturation-related denervation of
plantar muscles [20], however, it was proven that high-
intensity exercises prevent age-related denervation
atrophy.

CONCLUSION

A single intraoperative electrical stimulation permits
to reduce denervation changes in the gastrocnemius
muscles and plantar interosseous muscles associated
with nerve injury and maturation, and also to improve
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the tibial function index in the long-term period after
autoneuroplasty.

The authors consider further searches for new
methods of increasing the effectiveness of the results
of autoneuroplasty of peripheral nerve defects to
be relevant. Further developments of a complex
of rehabilitation measures aimed at improving the
morphofunctional parameters of the foot muscles and
the results of autoneuroplasty are promising.
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