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Llenb: NoKa3aTb BO3MOKHOCTU NepeHoca HepBa NPU HEBOCCTAHOBUMBIX MOBPEXKAEHMAX HEPBOB BEPXHUX KOHEYHOCTEMN.

Matepuan u meToabl: NPOMU3BEAEH aHANN3 PA3/INYHbBIX BAPUAHTOB NepeHoca Hepea (onepauuy HeBpoTU3aLuu) y 32 BONbHbLIX C NOBPEXKAEHNEM He-
PBOB BepPXHei KOHEYHOCTH B BO3pacTe OT 22 A0 59 n1eT (27 My»UmH, 5 KeHLWwmH). [oBpexaeHAa HePBOB JI0KaIM30BaANCh Ha YPOBHE npeannedbs (18),
nneyva (11) n nneyesoro cnneteHus (3). B 22 cnyyanx Lesbto onepaumu 6b110 BOCCTAHOBEHWE YYBCTBUTENBHOCTH, B 10 — BOCCTAHOBNEHWE ABUKEHWIA.
[lns 4yBCTBMTENBbHOM HEBPOTMU3ALMM Yallle MCMONb30BAN KOXKHYIO BETBb JIYYEBOrO HEPBA, TbIbHYIO BETBb JIOKTEBOrO HEPBA, NOBEPXHOCTHYIO BETBb
JIOKTEBOTO HepBa, KOXHble HepBbl npeanaedbs. [BuraTesbHyl0 HEBPOTU3ALIMIO OCYLLECTBAANN 3a CYET BETBEM NepesHero MexKOCTHOro HepBa, To-
PaKoAOPCaNbHOIrO HEPBA, MbILWEYHbIX BETBEW JIOKTEBOrO HEPBA, MEXPEDEPHbLIX HEPBOB, KOPOTKMX BETBEN NNEYEBOTO U MbILIEYHbIX BETBEN LWENHOTO
CnAeTeHus.

Pe3ynbTatbl: 0TAANEHHbIE pe3yabTaTbl HabAAANNCH B CPOKM OT 1 roga Ao 8 net. YyBCTBUTENbHOCTb BOCCTAaHOBMAACh 40 CTeneHu S3 (3almuTHan vyB-
CTBUTENIbLHOCTD), @ ABUraTe/IbHble pe3y/bTaTbl gocturn M3-M4.

3aknloueHue: nepeHoc HepBa NPU HEBOCCTAHOBUMBIX NOBPEXKAEHWUAX HEPBOB NO3BONAET PACLUIMPUTL BO3SMOXKHOCTU PEKOHCTPYKTUBHOW XMPYPInv U1
OTKPbIBAET HOBbIE FOPWU3OHTbI /1A NPOBEAEHMA HAYYHbIX UCCIEA0BAHMI C LeNblo COBEPLLEHCTBOBAHMA COBPEMEHHbIX KOHLENLMIA XMPYPruieckoro
NeyeHunn noBpexaeHui nepudepnyeckmnx HepBoB.

Kntouesble cnoBa: mpasma Hepea sepxHeli KOHEYHOCMU, HEBOCCMAHOBUMbIE N08PeXOeHUs HEPBO8 8epXHeli KOHeYHOCMU, HeepoMu3ayus, nepeme-
weHue Hepaa, nepeHoc Hepad.
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Objective: To share the experience of using nerve transfer in the irreparable upper limb nerve damage.

Methods: An analysis was made of various transfers (neurotization surgery) in 32 patients with upper limb nerve damage aged 22 to 59 years (27
males, 5 females). Nerve injuries were localised at the level of the forearm (18), shoulder (11) and brachial plexus (3). Surgical repair was aimed at
restoring sensitivity and movement in 22 and 10 cases, respectively. For sensitive neurotization, the cutaneous branches of the radial nerve (RN),
the dorsal branch of the ulnar nerve (UN), the superficial branch of the UN, and the cutaneous nerves of the forearm were more often used. Motor
neurotization was achieved using the branches of the anterior interosseous nerve (AIN), thoracodorsal nerve (TDN), muscular branches of the UN,
intercostal nerves (ICNs), and terminal and muscular branches of the brachial and cervical plexuses, respectively.

Results: Long-term outcomes were evaluated between years 1 and 8. Sensitivity was restored to S3 grade (protective sensitivity), and motor strength
reached M3-M4 grades according to British Medical Research Council (MRC) scale.

Conclusion: Nerve transfer in irreparable nerve damage allows expanding the boundaries of reconstructive surgery. Furthermore, it opens new
horizons for future scientific research to improve modern surgical treatment concepts of peripheral nerve injuries.
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BBEAEHMUE

MoBpexaeHue HepBoB BepxHeil KoHeuyHocTu (MHBK) no cei
[eHb OCTa&TCA OAHUM M3 CaMbIX aKTyasIbHbIX BONPOCOB PEKOHCTPYK-
TUBHOM XMPYPrUW, TPABMATOIOTMKN, OPTONEANUN U HEMPOXMPYPTUM, O
YEM CBUAETENLCTBYIOT MOCTOSHHbIE MYOAMKALLMKU HOBbIX HayYHbIX UC-
CNefoBaHUM B 3TOM HanpasaeHuu [1-6].

HecmoTps Ha LOCTUTHYTbIE 3HAYMTE/IbHBIE YCMEXW B XMPYPru-
yeckom nedenun MHBK, cylecTBytoT ciyyau, Korga obLenpuHaTbie
PEKOHCTPYKTMBHbIE Onepauyn B GYHKLMOHaNbHOM NiaHe OCTakoTCA
NPOrHOCTUYECKM HebnaronpuATHBIMK U Manoobewwatowymu. U no
ceil fieHb pAag, aBTOPOB, NPUAEPHKMBAACH TPAAULMOHHOW XMPYpruye-
CKOW TaKTUKM, MPeLnoYMTaeT OpTOMEAMYECKYID KOPPEKLMIO KUCTU
Npy HEMOMNPAaBUMbIX MOBPEXAEHUAX HEPBOB, PE3y/bTaTbl KOTOPOU
BCE e oCTatoTcA cybonTmanbHbimu [2, 7].

[pyrMmy OCHOBHbIMW HEAOCTATKAaMM HbIHELIHWX CTPaTerni ne-
YEHWUA CYMTAKOTCA OTCPOYEHHANA PEUMHHEPBALMA MPU TAKENbIX TPaB-
MaX, Tpebyowmx ayToTpaHCMAAHTaLMKM HepBOB; (YHKLMOHANbHAA
HEMO/IHOLEHHOCTb MUCMOMb3YEMbIX ANA NEPEMELLEHUA CYXOXKUANIA U
ayTOHEPBHbIX TPAHCM/IAHTATOB, a TaKXKe AJUTENbHOE W, MOPOLD, He-
000CHOBaHHOE MPOBEAEHME KOHCEPBATMBHOM Tepanvm BMECTO paH-
Hel XMpypruyecko Koppekuum [8].

CornacHo coobLeHNaM MocesHUX NIeT B HacTosllee Bpems
NP MUKPOXMPYPTUYECKOM IEYEHWMU TPABM NPOKCUMAJIbHBIX OTAE/0B
HEPBOB BEPXHel KOHEYHOCTU CMeumanucTbl Havaau 6onbliue pyKo-
BOACTBOBATLCA COBPEMEHHOM KoHuenumen «from distal to proximal»,
nofpasymeBatoLLeil BOCCTAHOBIEHNE HEPBHOMN PEryALMU Kak MOXK-
HO B6/MKe K Napanu3oBaHHOM Mbiwue [9-11].

B cBA3K ¢ 3TUM, BCE BO/blUEe NPOABASETCA MHTEPEC K OnepaLy-
AM MO HEBPOTM3aLLMM Ha AWCTANbHOM YPOBHE MO TEXHONOMM «nerve
transfer», ogHaKo MHOrMe acnekTbl 3TOM, OTHOCUTEIbHO HOBOW, KOH-
Lenumnm TpebytoT NpoBeaeHUA AaIbHENLIMX UCCNeL0BAHMI NO AeTaNb-
HOMY M3Y4YEHMIO Pa3/IMYHbIX €€ 0COBEHHOCTEN, YTOObI PEKOMEHA0BATL
AN WMPOKOTO BHEAPEHUA B KAMHMYECKYIO NpakTuKy [12-14]. Cneay-
€T OTMETUTb, YTO B PYCCKOA3BIYHOW NMTEpaType TEXHOMOMUIO «nerve
transfer» no ceii feHb Ha3bIBaOT NO-PA3HOMY: «OMepaLyMa HEBPOTU3A-
LMK», «NEePEKNIOYEHME HEPBAY» WU/IU e «nepeHoc Hepsax [1-3, 7, 15].

BCE BbILEN3NOKEHHOE CBMAETENLCTBYET O MOABAEHUM HOBbIX
TOPU30OHTOB A1A NMPOBEAEHUA HAYYHbIX UCCNEL0BAHMIA MO ONTUMU3A-
MM HOBbIX KOHLENUMI Npu Xupypryeckom neyeHunm NMHBK.

LLENb UCCNEAOBAHMA

[MoKka3aTb BO3MOXHOCTU NepeHoca Hepsa NpW HEBOCCTAHOBU-
MbIX NOBPEXAEHNAX HEPBOB BEPXHUX KOHEYHOCTEN.

MATEPUAN U METOAbI

MaTepran HacToAWero wuccnefoBaHMA BKAlovaeT 32 6onb-
Hbix ¢ MHBK, KOTOpbIM B OTAENEHUM BOCCTAHOBUTENBHOW XMPYPrm
W OTAENEHWUN PEKOHCTPYKTMBHOM M NNACTUYECKON MUKPOXMPYPruu
Pecny6/MKaHCKOrO Hay4YHOro LIEHTpa CepaeyHO-COCYAUCTON XMpyp-
MK BbIMOJIHEHA OMepaLmsa nepekatoveHus Hepsa. Bo3pacT 60/1bHbIX
BapblpoBan oT 22 f0 59 NeT, MyKUnH 6bln0 27, eHwmH — 5. NMHBK
yalle BCEro HOCUAM OBLIMPHBIV XapaKTep, BCAEACTBUE MONYYEHWA
TPaBMbl Pa3IMYHbIMK BPALLAIOLLMMU YACTAMM CTaHKOB (27 60/bHbIX
—84,4%). B 3 cnyyasnx (9,4%) UMenu MecTo NocNesCTBUA OTHECTPEb-
HOro paHeHua 1 B 2 (6,2%) cnyyasx — NOCAeACTBUA pe3aHbiX paH. [as-
HOCTb NOYYEHUA TPAaBMbl HA MOMEHT ONepaLmn CocTaBuna ot 2 4o 26
mecAueB. [oBpexaeHna HepBOB IOKANN30BANCL HA YPOBHe npea-
nneyba B 18 cnyyasx, Ha ypoBHe naeva — B8 11 1 Ha ypoBHe nae4yeBoro
cnneteHus — B 3 cayyasx. B 7 cnyyasx (21,9%) 6onbHble Ao noctynne-
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INTRODUCTION

As evidenced by the multiple publications of new scientific
studies on this issue, upper extremity peripheral nerve injuries
(UEPNI) remain among the most pressing problems in reconstruc-
tive surgery, traumatology, orthopaedics, and neurosurgery [1-6].

Despite the significant advances in the surgical treatment of
UEPNI, functional outcomes of the conventional reconstructive
operations remain suboptimal. Thus, some authors, adhering to
traditional surgical tactics, prefer orthopaedic correction of the
hand in case of irreparable nerve damage, which outcomes re-
main less promising [2, 7].

Other major disadvantages of current treatment strategies
are delayed reinnervation in severe injuries requiring autologous
nerve transplantation, functional deficiency of tendons and autol-
ogous nerve grafts used for transplantation, as well as prolonged
and sometimes inappropriate conservative therapy instead of
early surgical correction [8].

According to recent reports, at present, in the microsurgical
treatment of injuries of the proximal nerves of the upper limb,
specialists have begun to be more guided by the modern concept
of "from distal to proximal", which implies the restoration of ner-
vous regulation as close as possible to the paralysed muscle [9-
11].

There is more and more interest in neurotization procedures
at the distal level using the "nerve transfer" technique. However,
many aspects of this relatively new concept require further re-
search on its various aspects to recommend it for widespread
implementation in clinical practice [12-14]. In modern literature,
variable terminologies are used for the nerve transfer technique,
including neuroticization procedure, nerve coaptation or nerve
transfer [1-3, 7, 15].

All the above indicates the emergence of new horizons for
scientific research on optimising new concepts in the surgical
treatment of UEPNI.

PURPOSE OF THE STUDY

To share the experience of using nerve transfer in the irrep-
arable upper limb nerve damage.

METHODS

The functional outcomes of 32 patients with UEPNI who
underwent nerve transfer surgery at the Department of Recon-
structive Surgery and Department of Reconstructive and Plastic
Microsurgery of the Republican Center for Cardiovascular Sur-
gery, Dushanbe, Tajikistan, were analysed. There were 27 males
and 5 females aged 22 to 59 years. UEPNI were most often ex-
tensive due to injury from various rotating machine parts, with
27 (84.4%) patients affected. There were effects of gunshot and
cut wounds in 3 cases (9.4%) and 2 (6.2%) cases, respectively.
Time from injury to surgery ranged between 2 and 26 months.
In 18, 11, and 3 cases, nerve injuries were localised at the fore-
arm, shoulder, and brachial plexus levels, respectively. In 7 cas-
es (21.9%), patients received conservative treatment before ad-
mission to the clinic to improve nerve trunk regeneration. In 20
and 12 cases, the indications for neurotization were irreparable
damage to the nerve trunks and an unfavourable prognosis for
achieving positive long-term outcomes, respectively. In the cate-
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HWA B KIMHWUKY NO/IY4asM KOHCEPBATUBHOE NleYeHne A/1A yIyyLleHus
pereHepaLymn HepBHOrO CTBOAA. [OKa3aHWEM K BbINOAHEHMIO nepe-
KNIOYEHUA HEPBA, C Le/Iblo HeBPOTU3aLMK, BblM HEBOCCTAaHOBUMbIE
NOBPEXAEHMA HepBHbIX CTBOMOB B 20 c/ydasx U HebNaronpuATHbIN
MPOrHO3 AOCTUMKEHUS MONOKUTENbHBIX OTAANEHHDBIX PE3YNLTAaTOB — B
12 cnyyaes. Cnepyet OTMETUTb, YTO NOA HEBOCCTAHOBMMbIM NOBpE-
KOEHUEeM HepBOB Mbl MOAPA3yMEBAEM C/lyyau, KOTaa HEBO3MOKHO
MPOU3BECTU NPAMYIO PEKOHCTPYKLMIO HEPBHOTO CTBO/IA UM e Koraa
MYTEM PEKOHCTPYKLMM CaMOrO NOBPEXKAEHHOTO HEpBa HEBO3MOMKHO
[0CTWYb BOCCTAHOBNEHWA YTPaYeHHbIX QYHKLMIA.

Onepauumn 6blnM HaNpaB/ieHbl Ha yy4YlWEeHWe CEeHCOPHO-TPO-
dnYecKoro cocToAHNA AeHEPBMPOBAHHOM 30HbI B 22 CNy4YanX M Kop-
PEeKLMIO ABUraTeNbHOTO AeduLUMTa KOHEYHOCTM — B 10 HabntogeHUAX.
OnepaTuBHble BMELIATENLCTBA MO NEPEKIIYEHNI0 HepBa Ana yayy-
LUEHMA YYBCTBUTENIbHOCTU BbIMONHEHbI B HUXKHEN TPeTU npeanneybs.
Mpu 3TOM B KauecTBe HEpBa «HEBPOTM3ATOPa» UCMO/Ib30BA/IN KO-
HYl0 BETBb Jly4eBoro Hepsa (/lyH), TbiNbHYIO BETBb JIOKTEBOTO HEpBa
(/ToH), BeTBM KOXHbIX HepBOB Npeanaeyba (Tabn. 1).

Kak BMAHO M3 Tabn. 1, B 7 cnyyanx MMeNo MeCTo OfHOBPEMEH-
HOe HeBOCCTaHOBMMOE NoBpeKAeHWe cpeanHHoro Hepsa (CH) v JloH
¢ 60/1bLIMM AedDEKTOM MEXIY UX KOHLLAMM, YTO He MO3BOAAN0 PEKOH-
CTPYMpOBaTh 063 HEPBHbIX CTBOAMA. B TakMx caydasx y 2 60bHbIX Npo-
n3BefeHa ayToHepBHas niactuka CH, U HanoMeHbl ANMHEBPasbHble
LUBbI AMCTaNIbHOMO KOHLLA NOBEPXHOCTHOW BeTBM JIoH B 60K ayToHepB-
Horo TpaHcnnaHTaTa CH (puc.1).

Puc. 1 AymoHepsHas naacmuka CH ¢ anuHespasbHeIMU Weamu ouc-
manbHo20 KOHYa hosepxHocmHol semesu JloH 8 60k aymoHepsHo20
mpaHcnaaHmama

Fig. 1 Autologous nerve grafting of MN with epineural sutures of the
distal end of the superficial branch of the UN to the side of the graft

gory of irreparable nerve damage cases, we included cases when
it is impossible to perform a direct nerve trunk repair or when it
is impossible to restore nerve functions by damaged nerve repair.

In 22 and 10 cases, reconstructive surgeries aimed to im-
prove denervated areas' sensory-trophic and upper limb motor
functions, respectively. In addition, nerve transfers to improve
sensitivity were performed in the lower third of the forearm. At
the same time, a cutaneous branch of the radial nerve (RN), the
dorsal branch of the ulnar nerve (UN) and the branches of the
cutaneous nerves of the forearm were selected as the neurotizers
(Table 1).

As shown in Table 1, in 7 cases, there was simultaneous ir-
reparable damage to the median nerve (MN) and UN with a sig-
nificant defect between their ends, which did not allow repair of
both nerve trunks. In such cases, autologous nerve grafting of
the MN was performed in 2 patients, and epineural sutures were
placed from the distal end of the superficial branch of the UN to
the side of the graft (Fig. 1).

To restore motor functions, neurotization was performed
as close as possible to the denervated muscle. At the same time,
the selection of nerves to be used as the neurotizers was based
on minimising the damage associated with the denervation of
a functioning muscle. Considering that, not all branches enter-
ing the muscle were used for neurotization, while the minimum
number of uncrossed bundles in the muscle was left. In these
cases, branches of the anterior interosseous nerve (AIN), muscu-
lar branches of the UN, intercostal nerves (ICNs), thoracodorsal
nerve (TDN), terminal branches of the brachial plexus (BP), and
muscular branches of the cervical plexus (CP) were used as the
neurotizers (Table 2).

Tabnuya 1 YyscmsumesnoHas Hespomu3sauusa npu HegoccmaHosumbix MHBK

HepB «HeBpoTU3aTOpP» Bcero
MNMoBpexxaEHHDbIN Mpouune
KoxkHasa BeTBb  TbinbHaA BeTBb  [TOBEepPXHOCTHaA KoXXHble HepBbl
HepB BapuaHTbl
NlyH JloH setBb JloH npeanaeyba
HeBpoOTM3aLuu
CpeAVHHbIl 4 2 - 3 - 9
JloH 2 1 - 2 1
CpeauHHbIn 1 JloH 1 1 3 - 2 7
Ntoro 7 4 3 5 3 22
Table 1 Sensitive neurotization in irreparable UEPNI
The nerve used as a neurotizer Total
Injured nerve Cutaneous The dorsal The superficial Cutaneous Other
branch of the branch of the nerves of the variants of
branch of RN -
UN UN forearm neurotization
Median 4 2 - 3 - 9
UN 2 1 - 2 1 6
Median and UN 1 1 3 - 2 7
Total 7 4 3 5 3 22
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[lns KoppeKLMM ABUraTeNIbHOTO HapyLUEHUA HEBPOTU3aLLMA NPO-
“3BefeHa MaKCUManbHO 6/IM3KO K feHepBMpPOBaHHOM Mbiwue. Mpu
3TOM BbIOOP HEpBa «HEBPOTM3aTOPa» OCYLLECTBAANCA U3 cOobpaKe-
HWI HaMMeHbLLETO yliepba, CBA3AHHOTO C AeHepBaLmen GYHKLMOHM-
pytoweit Mbiwupl. C 3Toi Lenbio ANA NepeknodeH1a 6panuck He Bce
BETOYKM, BXOAALLME B BOPOTA MbLULLbI, @ OCTABAANOC MUHUMA/IbHOE
YMC/IO He Nepecey€HHbIX MYyYKOB B MblLLLLe. B KauecTBe «HEBPOTU3ATO-
POB» B 3TUX C/Ty4asAX UCMO/Ib30BA/INCL BETBU NEPEAHETO MEKKOCTHOTO
HEepBa, MblLLeYHble BETOYKM JIOH, MepEbepHble HepBbI, TOPaKOAopP-
Ca/lbHbI HepB, KOPOTKME BETBM NAEYEBOTO CNETEHNUA U MbllLeYHble
BETBM LUEMHOro cnieTeHua (Taba. 2).

Kak cnegyet 13 Tabn. 2, 6onbLIOe 3HAYEHWE UMENO NPULENBHO
HanpaB/IeHHOE MEPEK/IOYEHNE HepBa «HEBPOTM3ATOPa» K BETOUKe
HEepBa, BXOAALLETO B KOHKPETHYHO MbILLLLy, GYHKLMIO KOTOPOTO NNaHW-
poBanocb BO306HOBUTL. B 6oNbLUMHCTBE Cyyaes (6 ciyyaes U3 Beex
10) nepekntoYeHWe HEPBA BbIMOHANOCH C UCMONb30BAHUEM TOHKMX
ayTOHEPBHbIX TPAHCMNAHTATOB, B CBA3M C PACMO/IOKEHMEM KOANTUPY-
€MbIX KOHLIOB HepBa «HEBPOTM3ATOPa» U HEBPOTU3MPYEMOrO HepBa
Ha onpeaenéHHoOM PaccToaHUM (puc. 2-4).

PE3YNIbTATbI U UX OBCYXXAEHUE

®yHKUMOHANbHbIE Pe3ynbTaTbl OMNepaTMBHbLIX BMELLATENLCTB
U3y4yeHbl B CPOKM OT OAHOTO roga o 8 net nocne onepauuu. Joctu-
YKEHWE aKCOHOB KOHEYHOTrO 3BeHa (KOXHas 30Ha MHHepBaLMK HepBa
peLmMnueHTa) NPOUCXOAMNO B 06LLEN3BECTHBIE CPOKM, COOTBETCTBYIO-

As shown in Table 2, of great importance was the accurate
coaptation of the donor nerve to a target branch of the nerve
entering a specific muscle, the function of which was aimed to
be restored. Therefore, in most cases (6 cases out of 10 in total),
neurotization was performed using thin autologous nerve grafts
due to the location of the coapted ends of the donor nerve and
the target nerve at a certain distance (Fig. 2-4).

RESULTS AND DISCUSSION

The postoperative functional outcomes of surgical interven-
tions were studied between years 1 and 8. The axons reached
the distal nerve end (the cutaneous innervation of the targeted
nerve) and occurred within a timeframe corresponding to the av-
erage rate of axonal regeneration (1 mm per day). The H. Millesi
scale was used to assess the recovery of sensory-trophic and mo-
tor functions. According to the scale, in all 22 cases, after sensi-
tive neurotization, a satisfactory result was achieved, correspond-
ing to the level of protective sensitivity or S3 grade, according to
the British Medical Research Council criteria. Long-term motor
function outcomes were within M3-M4 grades, corresponding to
a satisfactory result on the H. Millesi scale.

Based on literature data review, in traumatic UEPNI, clinical
outcomes after conventional surgical techniques, including ten-
don-muscle transposition and autologous nerve grafting, are con-

Tabnuya 2 [lsucamensHas He8POMU3AyUA NpU HeaoccmaHo8umbix MMHBK

HepB «HeBpoTU3aTOpP» Bcero
MoBpexAaéHHbIi  HespoTnanpyemas Betau Topako- Mespé- Kopotkue  Mbiweutbie
nepegHero . MbiweuHble BETBM BeTBMU
Heps MbilWiua AOpac/bHbI 6epHble -
MEKKOCTHOTO BeTo4KM JIoH naeyeBoro  LueitHOro
HepB HepBbl
HepBa cneTeHUs  cnneTeHus
cH m. oppp_nens i i 1 i i i 1
policis
yH . m extensor i i 1 i i i 1
digitorum longus
TloH mm. mte_ross'el & ) ) ) ) ) ) )
lumbricalis
M - . ..
blmequo m. biceps brachii - 2 - - 1 - 3
KOXHbIV
n .
nefesoe m. deltoideus - - - 2 - 1 3
cnaeteHue
Utoro 2 2 2 2 1 1 10
Table 2 Motor neurotization in irreparable UEPNI
The nerve used as a neurotizer Total
Injured nerve  Neurotized muscle  granches of Muscular Terminal ~ Muscular
AIN TDN branches of ICNs branches of branches of
the UN the BP the CP
MN m. opp.o.nens i ) 1 ) i i 1
policis
RN . m extensor i i 1 i i i 1
digitorum longus
UN mm. |nteross.e| & ) _ ) _ ) ) )
lumbricalis
Musculocutaneous  m. biceps brachii - 2 - - 1 - 3
BP m. deltoideus - - - 2 - 1 3
Total 2 2 2 2 1 1 10
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Puc. 2 BoideneHue dsueamesnsHol eemau CH K mblwyam so38bluie-
Hus 60/16W020 NAMLYA

Fig. 2 Exposure of the motor branch of MN to muscles of the thenar
eminence

LMe cpedHei CKOPOCTM MPOPAcTaHMA akcoHOB (1 mm B cyTku). [ns
OLEHKM BOCCTAHOB/NEHWA CEHCOPHO-TPODUYECKOW W ABMUraTe/bHON
bYHKUMIM ucnonb3osanu wkany H. Millesi, cornacHo Kotopoit BO
BCcex 22 c/iyqasx nocne YyBCTBUTE/NbHON HEBPOTU3ALMM LOCTUTHYT
YZLOBNETBOPUTE/IbHDBIN Pe3yNbTaT, KOTOPbIi COOTBETCTBYET YPOBHIO
33LUMTHON YYBCTBUTENLHOCTM MAK S3, COMMAcHO Kputepusm BpuTtaH-
CKOTO COBETa MEAMLMHCKMX UCCNeA0BaHUIA. [IBUraTensHble oTaanéH-
Hble pe3y/bTaTbl 6binM B Npegenax M3-M4, cooTBETCTBYIOLME TaKKe
YZLOBNETBOPUTENILHOMY pesy/ibTaTy LKane H. Millesi.

YTOo KacaeTcs AaHHbIX /MTepaTypbl, TO NPU TPaBMATUHECKUX
MHBK KAWHWYecKne pesynbTaTbl MOC/ie WMCMNO/Ab30BaHMA 0bLienpu-
HATbIX OMNEPaTUBHbLIX METOAMK, BK/IKOHAA CYXONKWU/IbHO-MbILEYHYIO
TPAHCMNO3MLMIO M ayTOTPAHCNAAHTALMIO HEepBa, NPOTUBOPEYMBLI U
yae 6bIBalOT HEONTUMA/bHBIMU. B BONBILMHCTBE C/ly4aeB CYMTaET-
€A, YTO NOC/Ie NePeCeYEHUs HePBa axKe IKCTPEHHASA er0 PEKOHCTPYK-
LA NO3BO/IAET AOCTUYb NILLb CTEMEHW 3aLLMTHOW YYBCTBUTENBHOCTH
S3 u pBuratenbHOro pesysbTata 4o cTeneHu M4 (BoccTaHOB/eHMe
YTPAYEHHOTO ABUMKEHUA C NPEOAONEHNEM YMEPEHHOTO COMPOTUBIIE-
HuAa) [15-17].

Mcnonb3yemble Ha CEroAHALWHWIA AeHb onepauymn no nepeHo-
CY HEPBOB — 3TO BAPMAHT XMPYPr1UYECKOro NeYeHMs NPOrHOCTUYECKN
HebnaronpuaTHbix MHBK. Mpy NpaBuAbHOM NOCTAaHOBKE MOKa3aHWiA 1
TLLATENbHOM BbINONHEHUM OHW MMEIOT BOJbLUE NPEUMYLLECTB Nepes,
CYXOXM/IbHO-MbILLEYHOM TPAHCMO3NUUMEN WM ayTOTPAHCMAAHTauMeN
HepBoB [8].

OyeHb NOAPOGHbIV U TWATENbHBIN 0630p NUTEPATYPbI NO BO-
npocy nepekaoyeHns Hepaa onybankosann Domeshek L et al (2018),
Tie BCECTOPOHHE PacCMOTPEHbI MHOMME CTOPOHbI 3TOM, OTHOCUTENb-
HO MOJIOZOMN, KOHLEMNLMU XMPYPTUYECKOTO IEYEHWA MOBPEXKAEHMUIA
Hepsos [5].

Onepauus Mo MEepeKNtOYEeHUI0 HEPBA BKAIOYAET W3B/IEYEHUE
HEpPBHbIX BETBEW OT COCEAHETO HEPBA U UX NepeHanpaB/ieHune K auc-
Ta/IbHOMY KOHLY NOBPEXAEHHOTO HepBa. PYHKLIMOHMPYIOLLME BETBY,
pacrnonoXeHHble PAJOM C HedYHKLIMOHUPYIOWMM HEPBOM-PELIMMN-
€HTOM, AIBIAOTCA WAEANbHBIMU IOHOPaMM, ecnn GYHKUMSA LOHOP-
CKOTO HEpBa M3bbITOYHA UM MEHee BaKHA. AKCOHbI PereHepupytoT
no HOBOMY MyTW, @ MOTOPHbIE LLEHTPbI KOPbl FOI0BHOTO MO3ra Bro-
CNeacTBuM nepectpanBatoT cebs, YTobbl aAanTMPoBaTbCA K HOBbIM
bYHKUMAM peUHHEPBMPOBAHHOM MbILULbI. ITOT MeTog, obecneynBaer
6MKaAWMLIMIA UCTOYHUK HepBa Ans 6osee BbICTPOro BOCCTAHOBNEHUS,

Puc. 3 Hespomusayus m. opponens policis mbiweyHol semessto /loH

Fig. 3 Neurotization of m. opponens pollicis using muscular branches
of UN

Fig. 4 Neurotization of the motor portion of the UN using the branch
of the AIN

Puc. 4 Hespomu3sayus dsueamesnsHol nopyuu J/ToH semesto neped-
He20 MeKoCMHo20 Hepaa

troversial and often suboptimal. Thus, in most cases, it is believed
that after nerve transection, even with its emergency reconstruc-
tion, it is possible to achieve only protective sensitivity S3 and a
motor function result improved to M4 (movement against mod-
erate resistance) [15-17].

Current nerve transfer procedures are a surgical option for
treating prognostically unfavourable UEPNI. With thorough con-
sideration of indications and performance of correct surgery,
they have more advantages over tendon-muscle transposition
and nerve allografting [8].

A very detailed and thorough literature review on nerve
transferring was published by Domeshek L et al (2018), where
many aspects of this relatively young concept of surgical repair of
nerve injuries were comprehensively considered [5].

Neurotization involves removing nerve branches from an
adjacent nerve and redirecting them to the distal end of the dam-
aged nerve. Functioning nerve branches adjacent to a non-func-
tioning recipient nerve are ideal donors if the function of the do-
nor's nerve is redundant or less important. The axons regenerate
along the new path, and the motor centres of the cerebral cortex
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MOCKO/IbKY PEreHepaLms NPOUCXOANT BMKeE K LLeNIEBOMY YHaCTKY Mo
X044y PELMNMEHTHOTO HepBa. B cBA3M C 3TMM, onepauusa No nepekto-
YEHUIO HEPBOB MOXKET YCTPAHUTb MHOTUE HELOCTATKU APYrUX XUpYp-
rMYECcKMX MeToaosB [8].

Ha cerofHAWHWN AeHb CYUTAETCH, YTO HEBPOTM3aLMA npesd-
CTaB/AeT coboV YHMBEPCANbHbIN METOA PEKOHCTPYKTUBHOMN TEXHMKM,
KOTOPas MOKET ObITb MCMNO/b30BaHA B Pa3/IMUHbIX CUTyaumsax. Mpu Ta-
ENbIX BbICOKMX MHBK 3T0 MOXKeET 6bITb €4MHCTBEHHbIM BapUaHTOM
XUPYPrUYEcKom PeKOHCTPYKLMM [12].

B nocnegHue rogpl Hadaau NPUMEHATbL CNocob YCUNEHHON pe-
reHepauuy npu BbICOKMX nospexaeHunsax JloH. Mpu atom cHayana
BOCCTaHaB/MBatoT J/IOH B MecTe NOBpeXAEHUA, @ 3aTEM NePEK/IOHatOT
MbILUEYHYIO BETBb KBaApaTHOrO NpoHaTopa Ha rnybokyto BeTsb JIoH
Ha YPOBHe 3anAcTbA. CYMTAETCA, YTO STOT METOA, 3HAUMTENbHO YMEHb-
WaeT aTpoduo COBCTBEHHBIX MbILIL, KUCTU U 0becneymBaeT ny4llee
GYHKLMOHMPOBAHME KUCTU B LLEeIOM. 3Ty TEXHMKY aBTOPbI NponaraH-
AVPYIOT KaK PYTUHHYIO CTPATErMIO B KIMHUYECKOM NpaKTuKe [6].

Ha Haw B3rnaa, nepektoyeHne HepBa Ay onepaLym no HeBpo-
TU3aLUMKU OWUCTaNbHOMO OTPe3Ka (CermeHTa) NOBPEXKAEHHOTO HepBa,
ABNAOLIMECA aNLTEPHATUBON «TPAAULMOHHBIMY» cnocobam xmpypru-
YECcKoro sie4eHus, No3BOAKOT NEPECMOTPETL KaTeropuio NoBpexae-
HWI1 HEPBOB KOHEYHOCTEW, KOTOPbIE Ha CETOAHALIHUM AEHb CYUTAOTCA
3acTapensimu. Mbl CYUTAEM, YTO OCHOBHBLIMM MOKa3aHUAMM ANA He-
BPOTU3aLMM ABNALOTCA:

1. A6conlOTHbIE:

¢ HeBO3MOXHOCTb NPAMOI PEKOHCTPYKLMU GYHKLMOHANBHO

BaYKHOrO NOBPEKAEHHOIO HEPBA.

e [lporHocTMyeckn HebNaronpuATHOE MOBPEXAEHWE HepBs-
HOro CTBOAMA B NIaHE 3aM0343/10r0 AOCTUKEHMUA PereHepu-
PYIOLLLMX aKCOHOB KOHEYHOM MbILLEYHOW LLeNN.

2. OTHOCUTENbHbIE:

e HeobxoAMMOCTb B COKPALLEHUM 0BLLEN ANUTENBHOCTU Ne-
YeHus M peabunuTaumMm No HAcToOMYMBOM npocbbe Gonb-
HOFO AR CKOPEWLLEro YAyyLWeHUa COCTOAHMA U GyHKLMM
NOBPEXKAEHHOM KOHEYHOCTU.

®  HeynoBneTBOPUTENbHbLIN OTAANEHHbLIN pe3ynbTaT paHee
NpoBeAEHHON PEKOHCTPYKLMM NOBPEXKAEHHOTO HEPBa.

OnTMManbHbIA pe3ynbTaT Mocie TPaBMbl HeEpBa MOMKHO [0-
CTUTHYTb MYTEM COYETAHMA Pa3/IMYHbLIX XMPYPTUYECKUX BapUaHTOB
PEKOHCTPYKLMM. B 3TOM acrneKTe NnepeHoc uav nepemeLLeHne HepBea
ABNAETCA NIOTMYECKUM MPOAO/IKEHMEM pPaHee NPOBEAEHHbIX BOCCTa-
HOBNEHWA UMW AyTOTPAHCNNAHTALMMW HEPBA, U ABNAETCA HOBOW CTyne-
HbIO B PEKOHCTPYKLMM NOBPEXKAEHHbIX HepBoB [5, 16, 17].

3AKNIOMEHUE

Takum 06pa3om, NepeHoC HePBa C Le/blo HEBPOTU3ALMK AUC-
TaNbHOTO CErMeHTa MOBPEXKAEHHOrO HEpBa, KOTOPbIA CYMTaeTcs
HEBOCCTaHOBMMbIM MM €ro BOCCTAHOB/IEHWE ABAAETCA Becnepcnek-
TUBHbIM, MO3BONAET PACLIMPUTb BO3MOMKHOCTU PEKOHCTPYKTUBHOM
XMPYPrM M OTKPbIBAET HOBblE BO3MOXKHOCTU A/1A AafbHEUWwen on-
TUMU3aAUUN TaKTUKN XUPYPrUYeCKoro nevyeHnAa noeBpexxageHna nepu-
depuyecknx HepBoB U NPOBEAEHUA HOBbLIX HAYUYHbIX U KAMHUYECKUX
nccefoBaHUM.

subsequently rewire themselves to adapt to the new functions
of the reinnervated muscle. This technique provides the nearest
nerve source for faster recovery as regeneration occurs closer to
the target along the course of the recipient's nerve. In this regard,
nerve transfer surgery can eliminate many of the shortcomings of
other surgical methods [8].

Today it is believed that neurotization is a universal recon-
structive technique used in various situations. For example, in se-
vere high UEPNI, this may be the only option for surgical repair
[12].

In recent years, a method of enhanced regeneration has
begun to be used for high UN injuries. In this case, UN is first re-
stored at the injury site, and then the motor branch of the pro-
nator quadratus is bridged to the deep branch of UN at the wrist
level. It is believed that this method significantly reduces the at-
rophy of hand muscle and provides a better functioning of the
hand. Therefore, the authors suggest implementing this tech-
nique as a routine procedure in clinical practice [6].

In our opinion, nerve transfer or neurotization of the distal
segment of the damaged nerve, which is an alternative to the
conventional surgical treatment methods, allows us to make the
paradigm shift to using the category of peripheral nerve injuries
(PNI) as chronic injuries. We believe that the main indications for
neurotization are as follows:

l. Absolute:

e  The impossibility of direct reconstruction of a function-

ally crucial damaged nerve.

e Prognostically unfavourable damage to the nerve trunk
in terms of a delay in reaching the distal muscle by re-
generating axons.

Il. Relative:

¢ The need to shorten the total treatment and rehabilita-
tion time followed the insistent request of the patient
to improve the condition and restore the functions of
the injured limb as soon as possible.

e Unsatisfactory long-term outcomes of the previous re-
pair of the damaged nerve.

Optimal outcomes after nerve injury can be achieved by
combining different surgical reconstruction options. In this as-
pect, nerve transfer is a logical continuation of the previously per-
formed nerve repair or allografting techniques and is a new step
toward further improvement of reconstructing damaged nerves
[5, 16, 17].

CONCLUSION

Neurotization of the distal segment of the damaged nerve,
which is considered irreparable, or its restoration is unpromising,
considerably expands reconstructive surgery boundaries. In addi-
tion, it opens new opportunities for further optimisation of surgi-
cal treatment of peripheral nerve damage and further scientific
and clinical studies.
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