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Llenb: yaydweHne pesynbTaToB XMPYPruueckon Koppekunm GpyHKLMOHAIbHOM HEeCOCTOATENbHOCTM BepXHel KoHeyHocTv (PHBK) ¢ ncnoab3oBaHmem
JIOCKYTa Ha OCHOBE WMpOoYaiLeln MbiwLbl ciuHbI (LLIMC).

Matepuan n metogbl: PHBK nmena mecto y 76 NaumeHTOB NpU ULEMUYECKOW KOHTpaKType ®onbkmaHa (MK®) Taménoit ctenenn taxectu (57), noct-
TpaBMaTUYECKUX fedeKTax MArkux TkaHew (11) u 6paxmonnekcutax (8). U3 57 60bHbIx ¢ UKD B 30 HabntogeHUAX, HAPALY C TAXKENbIMU AereHepaTus-
HbIMM U3MEHEHUAMM MATKUX TKAHEW, COCYANCTO-HePBHbIX My4kos (CHIT) 1 cyxoxuaunii, umen mecto aAedeKT KOKHOro NOKpoBa. MocTTpaBMaTUYeckme
nedekTbl npeanneybs (11) 8 5 HabAOAEHMAX CONPOBOXKAANUCH NoBpexaeHuem CHI 1 cyxoxuauii. Mpu bpaxvoniekcutax NposBAeHUe U30MPOBaH-
HOrO MOBPEXKAEHMA KOKHO-MbILLIEYHOTO HEPBA MME/I0 MECTO Y 6, COYeTaHue NOBPEXAEHNUA ITOTO HepBa C BbinageHnem QyHKLMU Ny4eBOro Hepea —y
2 MauneHToB.

PesynbTatbl: nepemelLeHne nockyta LUMC B nosmumio AByr1aBoi MbllwLpl naeya 6bl10 ocylecTBneHo npu bpaxmonnekcute (8), a ceoboaHas ne-
pecasika TpaHcnAaHTaTa ocylecTaanach npu UKD (57) n aedektax NnoKpoBHbIX TKaHel npeanneybs (11). AKTMBHOe crubaHue npegnaedbs nocne
nepemeLleHna MbILUEYHOrO IOCKyTa OTMEYanoch Yepes 4 Heaenw, Toraa Kak nocae nepecagku TpaHcnaaHtata npu UK soccTaHoBaeHME GYHKLMM
3axBaTa KUCTW HauMHaNoCh B nNepBble 6 MecsALEB U YCMANBANOCh B TeueHue 1 roaa v bonee.

3aKnioueHue: ncnoib3osaHne nockyta LUMC npu xupypruyeckoit Koppekumum noctrpasmatmyeckot ®HBK no3Boinn0 BOCCTaHOBUTL YTPayeHHble
bYHKLMM rpyboro 3axeaTa KUCTU U crnbaHua npeannedba. ECav ana Mcnonb3oBaHUA Ha Npeanseybe BO3MOXKHA TONbKO cBOOOAHAA NepecasKa N0CKy-
Ta C OTHOCMTENbHO AANUTE/bHBIM NMEPUOAOM BOCCTaHOBAEHUA QYHKLIMM KOHEYHOCTH, TO Ha NaeYe nepemMeLLEéHHbIN BapuaHT nockyTa LUMC nossonset
B KpaTyaiLLuMe CPOKM LOCTUYb XKenaemoro GpyHKLMOHANbHOTO pe3y/ibTaTa.

Kniouesble cnoBa: 8epxHAA KOHEYHOCMb, 10CKYM wupoyaliuield Mblwybl CUHbI, KOHMPakmypa PonbKMaHa, MAZKOMKAHbIG Oehekm, bpaxuonaex-
cum.
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Objective: To improve the outcomes of surgical correction of upper limb dysfunction (ULD) using the latissimus dorsi flap (LDF).

Methods: ULD occurred in 76 patients with Volkmann's ischemic contracture (VIC), post-traumatic soft tissue defects, and brachial plexitis in 57, 11,
and 8 cases, respectively. Out of 57 patients with VIC, in 30 cases, a skin defect was observed along with severe degenerative changes in soft tissues,
neurovascular bundles (NVBs) and tendons. Post-traumatic forearm defects (n=11) in 5 cases were accompanied by damage to the NVBs and tendons.
In brachial plexitis, isolated injury to the musculocutaneous nerve occurred in 6 patients, and a combination of nerve lesions with radial nerve palsy
—in 2 patients.

Results: Transposition of LDF to the biceps brachii for the treatment of brachial plexitis, free muscle transplantation for the treatment of VIC and
forearm soft tissue defects were performed in 8, 57, and 11 cases, respectively. Active forearm flexion after the muscle flap transposition was noted
after 4 weeks. In contrast, after graft transplantation in VIC, the grip function restoration began after 6 months and improved within 1 year and beyond.
Conclusion: Using the LDF in surgical correction of post-traumatic ULD allowed restoring the lost functions of the crushing grip and forearm flexion.
For the forearm, only free flap transplantation with a relatively long period of limb function recovery is possible. In contrast, the traspositioned LDF to
the biceps allows achieving the desired functional outcomes in the shortest possible time.
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BBEAEHMUE

PocT yacToTbl TpaBM BepPXHEN KOHEYHOCTY B NOC/eLHNE AeCATH-
NeTUA CBA3AH C y4alLLleHNEM LOPOKHO-TPAHCNOPTHbIX MPOUCLIECTBUH,
3/1EKTPUYECKMX TPABM U LUIMPOKUM MCMONb30BAHNEM 3/EKTPUYECKMX
npnbopoB B 6bITy [1]. AHaNU3 IUTEPATYPbI NOCNEAHMX NIET NOKa3bIBa-
€T, YTO OTMEYEHHbIE BbiLLE MEXaHN3Mbl TPAaBMbI BEPXHEN KOHEYHOCTH
HOCAT COYETAHHbIN XapaKTep M HEPELAKO COMPOBOMKAATCA Pa3BUTH-
em obLWmpHOro TKaHeBoro fedekta [2, 3]. U3 cooblieHunit aBTopoB
CnepyeT, YTO YacToTa COMETAHHOW TPaBMbl BEPXHEW KOHEYHOCTM Ba-
pbupyeT ot 23 go 50% [4-6].

MocnencTemA coMETaHHOM TPaBMbI BEPXHEN KOHEYHOCTU UMEOT
camble pa3Hoobpa3Hble NPOABAEHMSA; NPU 3TOM C/I0XKHbIMM B NPOTrHO-
CTUYECKOM OTHOWeHUKM AsnatoTca UKD Taxénon cteneHu v ToTanb-
Hble BpaxnonnekcuTbl. MocnesHne NPUBOAAT K Pa3BUTUIO GUOPO3HO-
0 NEPEPONKAEHNA MbILULL, TAXKENBIM AEreHePaTUBHBIM U3MEHEHWAM
CHIM u, B KOHLE KoHLL0B, K PHBK [7-8].

Xupypruyeckaa KOppekumMa MOCTTPaBMaTUYecKon yHKUMO-
HaNbHOW HEeCOCTOATENIbHOCTM KUCTU ABAAETCA OAHOM M3 CHOMHbIX
npobsem PEKOHCTPYKTMBHOM MMKPOXMpYpPrMn. MHorve acnekTbl
[aHHOW Npobaembl Mo celt AeHb OCTAKOTCA HEPELLEHHbIMU U TPebyoT
[anbHENLWero NovcKa ONTUMasIbHbIX BAPUAHTOB PEKOHCTPYKLMM [9].

LLinpokoe BHeapeHWE B KAMHUYECKYIO MPAKTUKY MUKPOXMPYpP-
TMYECKMX METOAO0B [aN0 BO3MOXKHOCTb BbINOAHWUTL TPAHCMNO3ULMIO
1N cBODOAHYIO MepecagKy C0KHOCOCTaBHbIX TPAHCMIAHTATOB NpU
HenonpaBMMBbIX NMOBPEXKAEHWUAX HEPBHbIX CTBOIOB U MbILLL, BEPXHEN
KOHe4YHOCTW. biarogapsa Ucnonb30BaHWI0 METOAMK MUKPOXMPYPruye-
CKOW TPAHCM/IAHTaLMM TKaHel Ha BEPXHIOK KOHEYHOCTb, Y B0/IbLIMH-
CTBa OOPEYEHHbIX Ha MHBANMAM3ALMIO MOCTPAZABLIMX MOABMAACH
peanbHas BO3MOMHOCTb peabunmtauum 1 ynyylleHus Kadectsa WX
Xu3Hu [10-12].

MepBble YyNOMWHAHWUA OTHOCUTENbHO NMPUMEHEHWA NIOCKYTA HA
ocHoBe LUMC 6biin caenanbl ewgé B 1896 roay |. Tansini, ogHako
nepBsas cBo6OAHAA Nepecaska NOCKYTa Ha BEPXHIOK KOHEYHOCTb Npu
MK 6bina BbinonHeHa B 1978 rogy Manktelow RT n Mckee NH [13].

C Tex nop B /MTepaType NOABUIOCH MHOMECTBO COOBLUIEHMH,
IOe YKa3blBasoCb O MPUMEHEHMM IOCKYTa NpKU pPyoLOBbIX AedeKTax
BEPXHEW KOHEYHOCTU BCAIEACTBUE 31EKTPUYECKOM TpaBMbl, MKD, npu
AedekTax Weu, MMUa M NPoYMX y4acTkos Tena [14]. KoHo-Mbiley-
HbIV NOCKYT Ha ocHose LLUMC Haweén wupokoe npumeHeHWe nocne
pe3eKLMM ONyXoeit MOMOYHbIX Kenés, wew u rpyam (15, 16]. Umetot-
cA paboTbl, B KOTOPbIX YKa3blBaeTCA 0 CBOOOAHON nepecasKe TpaHc-
NNaHTaTa Moc/ie PeseKUMM CapKoM BepxHel KoHeuHoctu [17]. Mo
celi ieHb COBEPLUEHCTBYHOTCA TEXHUKA M CNOCOObI NOAHATUA IOCKYTa
LLIMC, a TaK:Ke BapuaHTbl ero UCNoNb30BaHNA B 3aBUCMMOCTM OT npe-
cneslyemoii Lienu pekoHCTPYKTUBHOM onepaumu [18].

LLENb UCCNEQOBAHUA

[oKa3aTb BO3MOMHOCTM TPAHCMNO3MUMOHHOM U cBOBOAHOM ne-
pecazik1 peMHHePBMPOBAHHOTO U PEBACKY/IAPU3MPOBAHHOIO IOCKYTa
LUMPOYANLLEN MbILWLbI CMUHBI MPWU MOCTTPAaBMATUYECKON (YyHKLMO-
Ha/IbHON HECOCTOATEIbHOCTM BEPXHEH KOHEYHOCTM.

MATEPUAN U METOAbI

3a nepwog ¢ 2000 no 2022 roabl B OTAENEHUN PEKOHCTPYKTUB-
HOW M NNACTMYECKON MMKPOXMPYPrumM PecnybanKaHCKOro HayyHoro
LieHTPa CepAeYHO-COCYANCTON XMpyprm 76 60/bHbIM Bbina BbINoA-
HeHa TpaHcnosuuma (8) u ceobogHaa nepecadka (68) nockyra LUMC
npv NOCNEACTBMAX TPABM BepxHen KoHedHocTW. Cpean naumeHToB
MY}KUMH 6b110 54 (71,1%), KeHwWwmH — 22 (28,9%). Bo3pacT naupeHToB
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INTRODUCTION

The increased frequency of injuries to the upper limb in re-
cent decades is associated with increased road traffic accidents
and electrical injuries due to the wide use of electrical appliances
and tools [1]. The literature review shows that the mechanisms
involved are combined and often accompanied by an extensive
tissue defect [2, 3]. The authors reported the combined traumatic
upper limb injury incidence as 23-50% [4-6].

Consequences of combined injury of the upper limb have
a wide variety of manifestations; at the same time, severe VIC
and total brachial plexus palsy (C5-T1) prognostically challenging
group of patients. The latter lead to muscle fibre degeneration,
severe degenerative changes in the NVBs, and, ultimately, ULD [7-
8].

Surgical correction of post-traumatic ULD is one of the most
challenging problems in reconstructive microsurgery. Many as-
pects of this problem remain unresolved and require a further
search for optimal reconstruction options [9].

The widespread introduction of microsurgical techniques
into clinical practice has made it possible to perform transposition
and free transplantation of composite grafts in case of irrepara-
ble damage to the nerve trunks and muscles of the upper limb.
The use of the microsurgical technique in tissue transplantation
on the upper limb made it possible for most patients previously
doomed to disability to have a real opportunity for rehabilitation
and improvement of their quality of life [10-12].

The LDF was used first by Ignio Tansini in 1896. However, the
first free muscle transplantation for VIC was performed in 1978 by
Manktelow RT and McKee NH [13].

Since then, there have been numerous reports on the use
of a flap for correction of upper limb scar defects due to electrical
injury, VIC, as well as for defects in the neck, face, and other parts
of the body [14]. Furthermore, a musculocutaneous LDF has
found wide application after resection of tumours of the mamma-
ry glands, neck, and chest [15, 16]. In addition, some authors re-
port on using musculocutaneous LDF after resectioning the sarco-
ma of the upper limb [17]. Over time, the technique and lifting of
the LDF have been improved. Moreover, the clinical applications
depending on the task of the reconstructive operation are being
vigorously studied [18].

PURPOSE OF THE STUDY

To demonstrate the application of transposition and free
flap transferring of the reinnervated and revascularized latissimus
dorsi muscle flap in post-traumatic upper limb dysfunction.

METHODS

Between 2000 and 2022, 76 patients with the sequelae of
upper limb injury underwent LDF free flap transferring (n=68) and
transposition (n=8) at the Department of Reconstructive and Plas-
tic Microsurgery, Republican Scientific Center for Cardiovascular
Surgery, Dushanbe, Republic of Tajikistan. Among the patients,
there were 54 (71.1%) men and 22 (28.9%) women. The patients'
ages ranged from 5 to 49 years, with a mean age of 20.1+8.3
years, while there were 24 children under 18 (31.6%). Right and
left-sided injuries to the upper limb structures occurred in 34
(44.7%) and 42 (55.3%) patients, respectively. The table below



Maauxos MX c coasm. /10CKyT IMMpOYaiiIIeli MBIIIILI CITHBL

BECTHMK ABUMILIEHHEI
Tom 24 * No 2 * 2022

Bapbuposan ¢ 5 fo 49 ner, coctasus B cpegHem 20,118,3 roaa; npu
3TOM peTelt B Bo3pacTe 40 18 net 6bin0 24 (31,6%). MospexaeHue
CTPYKTYp NpaBoil BepXHEN KOHEeYHOCTU umeno mecto y 34 (44,7%),
nesoii —y 42 (55,3%) naupeHToB. B Tabn. npescTaBaeHbl NaTonornye-
CKME COCTOAHMA, NP KOTOPbIX Bbl1 Mcnonb3oBaH NockyT LUMC.

M3 obuwero yvcna naumeHtoB ¢ UKD y 30 noctpagaBlumx Ta-
Enbim fereHepatnsHbIM ndmeHeHnAam CHIT 1 cyXoXunbHO-mbiLey-
HOro annapaTa KOHEYHOCTW COMyTCTBOBaAW MPOTAXKEHHblE AedeKTbl
KOMHOIO MOKPOBa NepesHel NMoBEePXHOCTU Mpesnaeyba NaoLablo
oT 45 cm? 1o 256 cm?, KoTopble B cpegHem cocTasuam 146,8+0,4 cv?.
Mpu 3TOM, Pa3mepbl UCMONb30BaHHbIX JIOCKYTOB BapbUpoBaau oT 5x9
cm go 25x12,5 cm.

Cpeay 11 naupeHToB € NOCTTPABMATUYECKUM AEPEKTOM KOXKM
N MATKUX TKaHEeN Npeanneyba KAMHUYECKMe NPoABAEHUA NoBpexae-
HWUS CPEAMHHOIO HEepBa, CYXOXMAMWI crubaTenei nanbLes, Ny4yeBom
apTepumn UMeNn MecTo y 2, a NPU3HaAKM COYETAHHOTO MOBPeXAeHMA
CPEeAMHHOTO W JIOKTEBOTO HEPBOB, CYXOXUAUMN crubateneit KUCTU K
nanbLes, IOKTEBON apTepum —y 3 NauueHTOB. PybLIOBO-M3MEHEHHbI
KOMHbII MOKPOB Npeanieybs C NOBPEXAEHNEM NOANEKALLMX aHATO-
MUYECKMX CTPYKTYP ABMACA NPUYMHON Pa3BUTUA adyHKLMOHANbHOM
Kuctv (puc. 1).

Mpu 6paxuonnekcutax (n=8) B 6 c/y4asnx UMENO MeCTO U30/U-
poBaHHOE BbiNageHue QyHKLMM ABYINABOM MbILLbI naeva (puc. 2),
M3 YKCNa KOTOPbIX aTPOGMA AENbTOBUAHOM MbILLULbI BCAEACTBME MO-
BpexaeHusa n. axillaris ormeyanacs B 2 HabatoaeHuax (puc. 3).

Y 2 ocTanbHbIX MAUWMEHTOB 3TOM TPynnbl MMeAW MecTo Mo-
BpexaeHune n. musculocutaneus (puc. 4) 1 HEBO3MOXKHOCTb pa3rnba-
HWA KUCTW M NanbLes M3-3a TpaBmbl n. radialis Ha ypoBHe BTOPUYHDBIX
CTBO/IOB M/1IEYEBOrO CNAETEHUS (pUc. 5).

XapaKTep nospexAeHUs HePBHbIX CTBOJIOB U COCYA0B BEpPXHEN
KOHEYHOCTU Onpeaensnca MeToAaMu  3NeKTpoHelpomuorpadum
(3HM) 1 ynbTpassykosoit gonnneporpadum (Y3Ar). B page cnyyaes,
B CBAA3M C TAXKECTbIO U NPOTAXKEHHOCTLIO AedeKTa NOKPOBHbIX TKAHEN,
£19 BbIOOpa AOHOPCKOM apTepum Npu nepecaske cBO60AHOM MbILLLbI
6blna BbINOAHEHA aHrMorpadus.

[inA oueHKM GYHKLMOHANbHBIX Pe3y/IbTaTOB KPUTEPUEM CITYKN-
Na cTeneHb COKPALLEHWUs MbILLbI: NPU NPOU3BOSILHOM COKpPALLEHUU
MbILLbI 6€3 aKTUBHOFO CrMbaHWA NanbLes (Npu nepecasike Ha npes-
nneybe) v 6e3 akTMBHOro crmbaHms npeannedbs (Mpy nNepemele-
HUW Ha Ne40) Pe3ynbTaT CYUTANCA OTPULATENbHBIM; NMPU aKTUBHOM
crnbaHum nanbues (nepecagka nockyta LUMC Ha npeanneybe) nam
aKTUBHOM CrubaHuv npeanneybs (nepemelerne nockyta LUMC Ha
nJe4o) pe3ynsrat 6bia NPU3HAH KaK YLOBAETBOPUTE/NbHbIN; aKTUBHOE
crbaHue NasbLEB KUCTU C NPEOAONEHUEM CONPOTUBAEHUSA (Nepecas-
Ka nockyTa LUMC Ha npegnneybe) nnm akTMBHOE crnbaHme npegnne-
Ybfl C NPEOAONEHNEM CONPOTUBEHMA (NepemeLLeHne nockyTa LLIMC
Ha Nneyo) CBMAETENLCTBOBANM O XOPOLUEM pesy/ibTaTe.

CraTcTnyeckan 0bpaboTKa pesynbTaToB MPOBOAMNACH C WUC-
nonb3oBaHWem nporpammsl Statistica 10.0 (StatSoft Inc., USA). Bbi-
No/HEeHa onucaTeNbHasn CTaTUCTKKA, MPU STOM KOMYECTBEHHbIE BENU-
UMHbI ONUCaHbI B BUAE CPEAHETO 3HAYEHMA U CTAaHAAPTHOM OLWMOKY, a
KauecTBEHHbIE BE/IMYMHbI MPEACTAB/EHbI B BUAE abCOMOTHBIX 3HaYe-
HWi 1 gonei (%).

Tabnuya PasHosudHocmu namonoauu gepxHell KOHeYHOCMU

presents the pathological conditions in which the LDF was used.

Of the total number of VIC patients, severe degenerative
changes in the NVBs and the tendon-muscular system of the up-
per limb accompanied by extended anterior forearm skin defects
were observed in 30 cases. The defect areas ranged from 45 cm?
to 256 cm?, with a mean area of 146.8+0.4 cm?. At the same time,
the flap sizes used ranged from 5x9 cm to 25x12.5 cm.

Among 11 patients with post-traumatic forearm defects of
the skin and soft tissues, the symptoms of a median nerve inju-
ry, flexor tendons, and radial artery were observed in 2 patients.
At the same time, signs of combined median-ulnar nerve inju-
ries, injuries of the flexor tendons of the hand and fingers, and
ulnar artery injuries were observed in 3 patients. In addition,
the scar-changed forearm skin with damage to the deeper an-
atomical structures resulted in a functional deficit of the hand
(Fig. 1).

In brachial plexitis (n=8), in 6 cases, there was an isolated
loss of biceps brachii muscle function (Fig. 2), of which atrophy
of the deltoid due to axillary nerve injury was noted in 2 cases
(Fig. 3).

Other patients in this group (n=2) were unable to flex the
forearm at the elbow due to an injury to the musculocutaneous
nerve (Fig. 4) in 1 case. And another patient was unable to extend
the wrists and fingers due to radial nerve injury of the brachial
plexus at the level of the cords (Fig. 5).

The injury to the nerve trunks and vessels of the upper limb
was detected by electroneuromyography (ENMG) and Doppler
ultrasonography (US). In some cases, due to severe soft tissue
defects, angiography was performed to select a donor artery for
free muscle transplantation.

To evaluate the functional results, muscle contraction re-
sults were interpreted as follows: voluntary muscle contraction
without active fingers flexion (in LDF transfer to the forearm) or

Puc. 1 flechekm mszkux mraHeli npedonseyes

Fig. 1 Soft tissue defect of the forearm

Table Post-traumatic pathological conditions upper limb in which
the LDF was used expressed in absolute numbers (n) and percentage (%)

Natonorusa / Pathological condition KonuuectBo 60bHbIX N %

Mwemuyeckan KoHTpakTypa PonbkmaHa / Volkmann's ischemic contracture 57 75.0
MsrkoTKaHble aedeKTbl npeanaedbsa u Kuctu / Soft tissue defects of the hand and forearm 11 14.4
MocTTpaBmaTtuyeckue bpaxmonaekcutsl / Posttraumatic brachial plexitis 8 10.6
Wroro / Total 76 100
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Puc. 2 Ampocpus mbiwy, nneveso2o nosca Puc. 3 BuinadeHue gyHKyuuU 08y2n1a80l Mbluiybl

Fig. 2 Shoulder girdle muscle atrophy Fig. 3 Loss of biceps function

Puc. 4 Hego3MoMHOCMb GKMUBHO20 C2ubaHUs npednsieyss Puc. 5 Hego3moxHoCMb pasaubaHus Kucmu u nanbyes

Fig. 4 Inability to flex the forearm at the elbow Fig. 5 Inability to extend the wrist and fingers

Puc. 6 Omcymcmeue nposodumocmu no cpeduHHOMY U fokmesomy  Puc. 7 Omcymcemaue KoHmpacmuposaHus cocydos npednsiedss
Hepeam

Fig. 6 Median and ulnar nerve conduction study. The conduction block  Fig. 7 Upper extremity angiography. Forearm vessels are not contrasted
in the median and ulnar nerves
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PE3YNIbTATbI U UX OBCYXXAEHUE

CornacHo NPUHATbIM NpuHUMnam npu UKD TaAxEnon ctenerwm,
nepecasika MblLLEYHOro TpaHCN1aHTaTa B 57 HabatogeHuax 6biaa ocy-
LecTB/eHa BTOPbIM 3TanoMm, nocae NpesBapuTeNbHO BbIMOJHEHHDBIX
PEKOHCTPYKLMI NOBPEXKAEHHbIX CTPYKTYp. Mpu 3TOM onpeaeneHue
COCTOSIHUA [OHOPCKMX HEPBOB M COCYZOB MMENO 0coboe 3HaueHue
[ANA OCYLLECTBNIEHMA OKOHYATENbHOrO 3Tana onepauuu. MNaaHMpoBa-
HWE Nepecasku MbILEYHOrO TPAHCMIaHTaTa Ha GOoHe NPOTAKEHHOTO
pybLoBOro NpoLecca KOXKHOrO NOKPOBa C HeOBPaTUMbIMK AereHepa-
TUBHbIMW U3MEHEHWAMM CTPYKTYP Npeanieybs B OCHOBHOM 3aBMCENO
OT AaHHbIX IHMT (puc. 6), Y3l u aHrnorpadum KoHeuHoct (puc. 7).

Bonee 61aronony4yHbIMK B NNaHE BOCCTAHOBAEHWUS afleKBaTHOM
GYHKLMM KOHEYHOCTM ABUIUCH C/lyYan TPaBMaTUYECKOTo AedeKTa no-
KPOBHbIX TKaHel (11) n 6paxnonnekcuTos (8). B 6onblumMHCTBE Cyya-
eB (15) nocTpagaslmm bbina NPeanpPUHATa 04HO3TaNHasA onepauus,
0[HAKO M3-3a COYETAHHOTO XapaKTepa NoBPeXAeHMA 4 naumeHTam c
AedeKTom TKaHel npegnaedbs (2) n 6paxmonnekcutom (2) onepauus
6blna pasgeneHa Ha aga stana (puc. 8, 9).

15 601bHbIM OMepaLym BbINOAHEHb! B 0AMH 3Tan. Tak, npu ae-
beKTe MArKUX TKaHel npeanaedba (n=9) 06bEM onepauum 3akntoYan-
€A B BbINOJIHEHUM AEKOMMNPECCUM HEPBHBbIX CTBO/IOB, CYXOMMUAMIA 1 Ne-
pecaaKe BaCKyNAPU3MPOBAHHOTO KOXHO-MbILEYHOrO TPaHCMAaHTaTa.
Mpu GpaxmonneKkcuTe ¢ U30AMPOBAHHbLIM BbiNageHuem QyHKLMM ABY-
N1aBOM MbIlWLbl Naeva (n=6) BbINONHANOCL NEpemMelleHne NOCKyTa
LWMC B no3uupmio ynomaHyToi mMbiwupl (puc. 10). HekoTopble aBTOpbI

Puc. 8 llepemeujeHue Mbile4HO20 /10CKYMa 8 no3uyuto 08yenagoli
MbIWUb!

Fig. 8 Muscle flap transfer to the biceps

active forearm flexion (in LDF transfer to the biceps) were con-
sidered poor results; active fingers flexion (in LDF transfer to the
forearm) or active forearm flexion (in LDF transfer to the biceps),
were considered satisfactory results; active fingers flexion against
resistance (in LDF transfer to the forearm) or active forearm flex-
ion against resistance (in LDF transfer to the biceps) indicated a
good result.

Statistical analysis was done using the Statistica 10.0 pro-
gram (StatSoft Inc., Tulsa, OK, USA). Descriptive statistics were
used, with quantitative variables expressed as meanststandard
deviation (SD) and categorical variables described in absolute
numbers (n) and percentages (%).

RESULTS AND DISCUSSION

According to the accepted protocols of severe VIC treat-
ment, in 57 cases, muscle graft transferring was carried out as the
second stage after the repair of damaged structures. In this case,
determining the state of donor nerves and vessels was essential
for the final stage of the reconstruction. The muscle graft trans-
plantation in the presence of extended scarring of the skin and
irreversible damage to the forearm soft tissues mainly depended
on the results of ENMG (Fig. 6), Doppler US and upper extremity
angiography (Fig. 7).

The conduction block in the median and ulnar nerves
Forearm vessels are not contrasted

Puc. 9 CyxomUnbHO-MbILUEYHAA MPAHCNO3UYUS NPU NoBperOeHuu n.
radialis

Fig. 9 Tendon-muscle transposition in case of radial nerve injury

Puc. 10 Mobunusayus nockyma LLIMC

Fig. 10 LDF transferring

More promising in restoring adequate limb function were
cases of post-traumatic soft tissue defects (n=11) and brachial
plexitis (n=8). In most cases (n=15), the patients underwent a sin-
gle-stage surgery. However, due to the combined injury, in 4 pa-
tients with forearm soft tissue defects (2) and brachial plexitis (2),
the reconstruction was divided into two stages (Fig. 8, 9).

15 patients were operated on in a single stage. Thus, in the
case of the forearm soft tissue defect (n=9), the reconstruction
included nerve trunk and tendons decompression and trans-
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C 3TOM LeNbio MPOM3BOAAT TPAHCMO3ULMIO TPANELMeBNAHON MbILULLbI
[19], opyrue ke npeanoyTeEHME OTAAMOT IOCKYTY HAa OCHOBE TPEXI/a-
BOW MblILULLbI Maeva [20].

Mpw M3yyeHnmn pesynstatos neyeHns UKD 6bino BbIABAEHO, YTO
nepseble NPOM3BO/IbHbIE COKPALLEHNS NEPECaKeHHOM MblLULLbI NOABM-
NNCb B CPOKM OT 4 10 6 MecALeB NOcne onepaumu, HO afgeKBaTHoe
GYHKLMOHMPOBAHME MbILWLBI C BOCCTAHOBEHUEM QYHKLMM 3axBaTa
6b1710 3aPETUCTPMPOBAHO INLLL B CPOKM OT OAHOTO roga v bonee (puc.
11). Yepes 1,5 roga nocne nepecasku ApuratenbHas QyHKUUSA KUCTU
BapbMpoBana B rpagauum M3-M4 [21].

M3 Bcex cayvaes cBOOOAHOM TpaHCMAAHTaLMKU Mblwl, npy UK
(n=57) B ABYX HabntoaeHWUAX Hamu Bbla NOMYYEH OTPULATENbHDIN pe-
3y/IbTaT, YTo cocTaBuno 3,5%. Y aTux 60/1bHbIX OTMeYanoch cnaboe
COKpALLEeHME NepecaXkeHHON MbIWLpl, YTO HE NMO3BOAANO UM OCyLLe-
CTBUTb QYHKUMIO rpyboro 3axsata. MpuunHOM c1aboro CoKpalleHns
MbILULLbI Mbl CYUTaEM HEAOCTATOUHYIO PEMHHEPBALMIO NEPECAKEHHOW
MbILULLbI, BCNEACTBME NIOXOW pPereHepaLmm HEPBHbIX aKCOHOB, 0 YEM
Mbl coobLwanu paxee [22].

MepBble NPU3HAKM COKPALLEHMA NepeMeLLEHHOW MbILLbl Npu
bpaxuonnekcuTe HabaloAAAMCL CNYCTA MECAL, NOCae NepemMeLLeHuns,
YAOBNETBOPUTENIbHOE CTMbaHME MpeansieYybs OTMeYanoch yepes 3
mecsaua (puc. 12). M3 gByx NauMeHTOB 3TOM rPynnbl, KOTOPbIM ObINO
OCYLLECTB/IEHA CYXOXKM/IbHO-MbILLEYHAN TPAHCNO3MLUMSA, B O4HOM Ha-
61104eHMN OTMEYANOCh YA0BNETBOPUTENbHOE BOCCTAHOBNEHME Pas3-

Puc. 12 BoccmaHosneHue 06véma d8uxeHuli 8 T0KMegom cycmase

Fig. 12 Restoration of elbow range of motion
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plantation of a vascularized musculoskeletal graft. In the case of
brachial plexitis with isolated loss of function of the biceps (n=6),
the LDF was transferred to the biceps (Fig. 10). For this purpose,
some authors perform transposition of the trapezius muscle [19].
In contrast, others prefer a triceps muscle flap [20].

When studying the results of VIC treatment, it was found
that the voluntary muscle contraction of the transplanted muscle
appeared between 4 and 6 months after surgery. However, prop-
er muscle functioning with the restoration of the grip function
was observed only in a year or more (Fig. 11). Moreover, 1.5 years
after transplantation, patients regained functional hand motor
recovery of M3-M4 grades [21].

Of all cases of free muscle transplantation for VIC treatment
(n=57), we obtained a poor result in 2 cases (3.5%). In these pa-
tients, weak contractions of the transplanted muscle were not-
ed, affecting the crushing grip. In our opinion, the cause of weak
muscle contraction is incomplete reinnervation of the transplant-
ed muscle due to limited axonal regeneration, which we reported
earlier [22].

At first, transferred muscle contractions in brachial plexitis
were observed a month after the transplantation, and good el-
bow flexion was noted after 3 months (Fig. 12). Of the 2 patients
in this group who underwent tendon-muscle transposition, in
1 patient, a satisfactory extension thumb and wrist was noted.
However, the extension in fingers 1I-V was limited (Fig. 13).

Despite this, active forearm flexion and thumb and wrist ex-
tension contributed to pinch strength recovery (Fig. 14), making
it possible for patients to self-care and adapt to the social envi-
ronment.

Various options for LDF transposition allowed us, in most
cases, to achieve satisfactory functional and aesthetic outcomes
in the remote postoperative period. At the same time, the im-
provement in the handgrip strength in combined traumatic upper
limb injury was achieved in some cases by repair of injured nerve
trunks and tendon-muscle transposition.

Good functional results in a combination of soft tissue de-
fects with NVBs and tendons injury are achieved by performing

Puc. 11 BoccmaHosneHue hyHKUUU 30X8ama KUcmu

Fig. 11 Handgrip recovery

Puc. 13 BoccmaHosneHue pazaubaHusd 606wo20 nanbya u Kucmu

Fig. 13 Thumb and wrist extension recovery
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rmMbaHmMa KUCTW 1 BONbLLIOTO NanblLia, 0OAHAKo pasrnbaxue II-V nanbues
6b1710 He B NONHOM 06BbEMe (puc. 13).

HecmoTps Ha 370, akTMBHbIE crnbaHme npeanseybs, pasrubaHue
60NbLIOrO MasfbLA M KUCTM cnocobcTBoBanM afeKksaTHomy obecne-
YeHuo GYHKLMKM TOHKOrO 3axBaTa (puc. 14), 4To fano BO3MOXKHOCTb
naupeHTam CaMooBCaYKMBAHMA U afanTaLMy B COLMANbHOM cpeae.

Mcnonb3oBaHWe pas/iMuHbIX BapMaHTOB TPAHCMO3ULMK M ne-
pecasku NOCcKyTa Ha ocHose LLIMC no3soanio Ham B 60bLUMHCTBE
CNly4YaeB B OTAANEHHBIX CPOKAX NOCNE onepaLyuu NoayyuTh yaoB/eT-
BOpUTE/IbHbIE QYHKLMOHA/IbHBIE U 3CTETUYECKME pe3ynbTaTbl. Mpu
3TOM yAyylleHne GYHKLMM 3aXBaTa KMCTU NPU COYETAHHOM MOBPEK-
[EHUM KOHEYHOCTU B pAZE C/ly4aeB AOCTUMANIOCh KaK PEKOHCTPYKLM-
el NOBPEXKAEHHBIX HEPBHBIX CTBO/IOB, TaK U CYXOMMU/IbHO-MbILLEYHOW
TpaHCno3unumen.

OnTManbHble GYHKLMOHA/bHbIE PE3y/bTaTbl NPU CTOb COXK-
HOM maTonoruu, Korga nospexaeHuto CHIM 1 cyxoxuauii conyTcTey-
eT gedeKT MArKUX TKaHeW, JOCTUTaloTCA BbINOJIHEHUEM C/IOMKHbBIX U,
MOPO, MHOTO3TaMHbIX PEKOHCTPYKLMIA. Bbibop 04epénHOCTH 3Tanos
onepawmu ABNAETCA TPYAHOM 3aa4ei, KOTopPas 3aBUCUT OT UCXOAHOW
CTEMNEHM TAXKECTM NOBPEXKAEHUA U NPEBANMPOBAHNA BUAA NATONOTUN
[23].

M3BeCTHO, YTO BbINONHEHWE OMEpaLMK B OAMH 3Tan AAéT nydy-
lMe pesynbTaTbl, NMPU 3TOM CPOKM peabuauTaumMu COKpaLLatoTcs,
OfHaKO B psae cayvaeB HebGNAronpuATHbIE MECTHble YCI0BUA U3-3a
NPOTAKEHHOTO AedeKTa KOXKHOro NOKPOBa MOrYT CBECTU HA HET pe-
3yNbTaThl PEKOHCTPYKLMK CHIT v cyxoxmanii [24].

Py6uoBas komnpeccus CHIT U CyXOXKUNbHO-MbILWEYHOTO anna-
paTa 6e3 HapyLleHUA UX LLeSIOCTHOCTU HEPEAKO NO3BONAET BbINONHUTD
OZIHO3TaMHy onepaumio [22]. Mpu 3ToM JOCTUKEHUE YAOBNETBOPH-
TeNbHbIX QYHKLMOHANbHbIX Pe3y/bTaTOB PEKOHCTPYKLMM BNAOTHYHO
3aBWCUT OT afEKBATHO KPOBOCHADKAaeMOro /10Ka, a nepecasKa CBo-
604HOr0 KOMNNEKCa TKaHEeN NepPBbIM 3TANOM, B TAKMX CyYasX, CYUTa-
€TCA ONTUMA/IbHO BbIOPAHHOW TaKTUKOW [25].

3AKNIOYEHUE

Takum 06pa3om, XMpypPruyeckoe neyeHne nocTpasasLumx ¢ no-
CTTpaBMaTUYECKOW GYHKLMOHANBbHOM HECOCTOATENIbHOCTBIO BEPXHEN
KOHEYHOCTM MO Ccelt AeHb OCTAETCA OAHOW M3 CNOXKHbIX M 40 KOHLA
HepeLweéHHbIX NPob1em COBPEMEHHOM PEKOHCTPYKTUBHON MUKPOXU-
pypruun. OueHKa UCXOAHOM CTeNeHN TAKECTU NOBPEXAEHUA CTPYKTYP
KOHEYHOCTU B/AMAET Ha BbIOOP METoAa onepauuu, a ONTUMasbHble
OYHKUMOHaNbHbIe pe3y/ibTaTbl HEPEeAKO AOCTUralTCA B pe3ynbTa-
T€ MHOTO3TarHbIX M CNOXKHbIX BUAOB PEKOHCTPYKLUMKU. OuepéaHocTb
3TanoB onepaumn B0 MHOTOM 3aBUCUT OT XapaKTepa NoBpexaeH A 1
NpeBasMpOBaHMA BUAA NATONOTMKW. BOoCCTaHOBNEHME aKTUBHOTO Cru-
6aHMA npeannedbs M GYHKLUMM 3axBaTa KUCTW, B LLEENIOM, NO3BONAET
NnocTpaZaBLUMM afanTMPOBaTbCA B ObITOBOW M MPOU3BOACTBEHHOM
cpese W, TeM CaMbiM, YNYYLLWUTb KAUECTBO MX XKU3HU.

combined and sometimes multistage reconstructions. However,
the optimal sequence of surgical repair remains to be further elu-
cidated and depends upon the severity of the initial injury and
predominant pathological process [23].

It is known that the repair performed in a single stage gives
the best results while the rehabilitation period is shortened.
However, in some cases, an unfavourable local milieu due to ex-
tensive skin loss can nullify the effects of NVBs and tendons re-
construction [24].

Cicatricial compression of the NVBs and the tendon-muscu-
lar system, with their intact integrity, often allows for performing
a single-stage operation [22]. At the same time, achieving satis-
factory functional reconstruction results depends on the availabil-
ity of an adequately blood-supplied bed. Furthermore, transplan-
tation of free composite grafts as the first stage is a treatment of
choice in such cases [25].

CONCLUSION

Thus, the surgical correction of upper limb dysfunction
remains one of the most complicated and unresolved issues of
modern reconstructive microsurgery. Assessment of the severi-
ty of initial damage to the structures of the limb influence the
surgical choice and good functional results are often achieved by
multistage and combined reconstruction. The optimal sequence
of surgical repair remains to be further elucidated and depends
upon the severity of the initial injury and the predominant patho-
logical process. Restoration of active forearm flexion and hand-
grip strength allows the patients to better adapt to the domestic
and industrial environment and improve their quality of life.

Puc. 14 BoccmaHossieHue moHKux 8udos 3axeama

Fig. 14 Pinch strength recovery
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