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Lienb uccnepoBaHUA: NPOCNEKTUBHAA OLEHKA PAHHWX UCXOLOB IEYEHMA NALMEHTOB NOC/IE PAa3MO3KEHUI KUCTU B 061aCTH NACTbA U/WUAK C TpaHCMe-
TaKapnasbHbIMK OTYJIEHEHWAMM Ha CPOKe 6 Hefenb.

Martepuan u metogpbl: 3a nepuog ¢ 01.01.2022 no 31.05.2025 B LieHTpe XMPYPrum KUCTU U PEKOHCTPYKTUBHON MUKPOXMPYPrMm FOPOACKOM KNNHMYe-
cKovi 6onbHULe um. C.C. KOauHa 6bi10 NponeyeHo 32 NaumeHTa ¢ TAXKENbIMU MOBPEKAEHUAMMU KUCTU B 061aCTV NACTbA. 13 60/1bHbIX BbIIN UCKKOYEHbI
U3 UCCNIe0BaHWSA, B CBA3MU C HaMUMEM OBLUMPHbIX AedeKTOB KOXKHbIX MOKPOBOB U MATKMX TKaHel. OLeHKa AAUTENIbHOCTM OnepaLum, BbipaXKeHHOCTH
nocneonepaLmoHHoro 601eBOro CUHAPOMA, MUTPaLMKU GUKCATOPOB, HaMUMA BTOPUYHBIX CMeLLLEHMUI NpoBeseHbl bbian y 19 noctpagaslmx: y 8 (c
nepenomamu avadusa) BbINOSHEH OCTEOCUHTE3 WTUdTaMu, y 1 — KOMBMHUPOBAHHDBIN OCTEOCUHTE3 BUHTAMM U cnvuamu, y 1 — BHewHaAs dukcaums
C/IOMaHHbIX KOCTEN C Noc/iefytoLleil KOHBEPCUEN Ha HAKOCTHYIO NAACTUHY My 9 € nepenoMamu NACTHbIX KocTel B 061acTu meTadusa bbin BbINONHEH
0CTEOCHHTE3 cnnLamu. GYHKLUMA KUCTU U amMINTYAA ABUNKEHWI He OLLeHMBaNach, B CBA3U C KOPOTKUMM CPOKaMU HabnlogeHus.

Pe3ynbratbl: CpeAHAA NPOAOIKUTENBHOCTb OCTEOCMHTE3A LWUTUGTaMM Bblia CONOCTaBUMA C MPOAOINKUTENBHOCTBIO OCTEOCUMHTE3a cnuuamu. CpeaHee
3HayeHue BALL nocne ocTeocuHTes3a cnuuamm coctasuio 1,9, y NauMeHToB nocae octeocuHTesa windtamm — 1,7. Y 2 60/bHbIX OTMEYEHA MUTPaLMA
CnuL, y 2 — HEKPO3bl PeniaHTMPOBAHHbBIX NasbLeB. MMMOBWUAN3ALMA KUCTU U KUCTEBOTO CyCTaBa NOC/NE OCTEOCHHTE3a CMULLAMM MPOJOKanach 6
Hefenb, a NOCNEe OCTEOCUHTE3a WTUGTAMU NPU OTCYTCTBUM NOBPENKAEHUA CYXOXKMINIA, NPU NOBPEXKAEHUMN CYXOKMUAWIA crnbaTeneit nanbLes, Npu no-
BpexaeHUn pasrubateneii — 1, 3 n 6 Hegenb, COOTBETCTBEHHO. K peabunutaumm nocne octeocuHTesa WTMdTamu 6onbHble Npuctynanu yepes 7-10
[Hel nocne onepaumu, nocae 0CTEOCMHTE3a cnMuammn — Ha 19-21 cyTku.

3aKnoyeHne: Takum 0bpasom, OCTEOCUHTES WITUGTAMM NPY NEPENIOMAX NACTHbIX KOCTEN MOXKET BbITb METOAO0M BbIGOPa NPU TAKENbIX NOBPEKAEHUAX
KWUCTH, YMEHbLUIAsA PUCKMU BTOPUYHOTO CMELLEHWS OTIOMKOB M CNOCODBCTBYA Hauany paHHel peabuautaumu.

KntoueBble cnoBa: maxcénsie mpasmol KUCMU, 0CMeoCcUHMe3 NACMHbIX Kocmeli, UHMpPameodynnAapHbIl ocmeocuHmes, 0cmeocuHmMe3s wmugmom.
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Objective: To conduct a prospective study of early outcomes of treatment of patients with severe mauled injuries to the metacarpal area of the hand
and/or transmetacarpal amputations at 6 weeks.

Methods: From January 1, 2022, to May 31, 2025, 32 patients with severe mauled injuries to the metacarpal area of the hand were treated at the
Center for Hand Surgery and Reconstructive Microsurgery at the S.S. Yudin City Clinical Hospital, Moscow, Russia. Thirteen patients were excluded
from the study due to extensive skin and soft-tissue defects. The following factors were assessed for 19 patients: duration of the surgery, severity of
postoperative pain, fixator loosening, and secondary displacement. Among these patients, 8 with diaphyseal fractures underwent intramedullary
pinning, 1 received K-wire (also known as Kirschner wires) combined with screw osteosynthesis, 1 underwent conversion from temporary external
fixation to definitive external plate fixation, and 9 with fractures in the metaphyseal area underwent K-wire osteosynthesis. Hand function and range
of motion were not assessed due to the short observation period.

Results: The average duration of pin osteosynthesis was similar to that of K-wire osteosynthesis. The average visual analogue pain score (VAS) after
pin osteosynthesis was 1.7, compared with 1.9 after K-wire osteosynthesis. Wire migration was observed in 2 patients, and necrosis of the replanted
fingers occurred in 2 patients as well. The immobilization period for the hand and wrist joint following K-wire osteosynthesis lasted six weeks. In
contrast, the immobilization periods after pin osteosynthesis varied: 1 week without tendon damage, 3 weeks with damage to the flexor tendons, and
6 weeks with damage to the extensor tendons. Patients began rehabilitation 7 to 10 days after pin osteosynthesis, while rehabilitation after K-wire
osteosynthesis started 19 to 21 days post-surgery.
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Conclusion: Pin osteosynthesis is a preferred method for treating fractures of metacarpal bones in severe hand injuries. This approach reduces the risk
of secondary displacement of fragments and promotes early rehabilitation.
Keywords: Severe hand injuries, osteosynthesis of metacarpal bones, intramedullary osteosynthesis, osteosynthesis with a pin.
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BBEAEHMUE

BbICOKOSHEPreTUYECKME  MOBPEKAEHMA  KUCTU  Xapak-
Tepu3yoTcA  AedekTaMM U PasMO3IKEHUEM MATKUX TKAHEMN,
COYETALWMMUCA CO 3HAUYUTENbHLIM  PaspyLUEHMEM CKeNeTa,
YTO MPUBOAUT K 3HAUUTENbHOW noTepe GYHKUUWU U yXYOLWEHWUIO
BHelWwHero Bsuaga [1]. OTyneHeHWe WKW paspyLleHUe KUCTU
B/IMAET He TO/IbKO HA COXpaHeHWe TPYAO0CNOCOBHOCTM MaumeHTa,
HO W Ha ero ncuxonormyeckoe 6narononyune. MpuKMBAEHWE
pennaHTMPOBAHHbIX CEFMEHTOB NPY NPOKCMMA/IbHbIX OTYNEHEHMUAX
pocturaetca B 77-93% cnyyaes [2], uto o0bycnosnvBaet
HeobXoAMMOCTb MPOBEAEHUA PAHHErO PEKOHCTPYKTMBHOIO BMe-
LaTeNbCTBa.

B TO e BpemsA, TAXKENble MOBPEXAEHWUA KUCTU CBA3aHbI
C AAUTEeNIbHOM nNpeaonepauyoHHON WULWEMUEN MATKMX TKaHeM,
yBennyeHmem o6bEma  OMepaTMBHOTO  JlIeYeHMA 33  CYET
HeobXo4MMOCTM  BOCCTAHOB/MEHMSA  OO/MbLWIONO  KOAMYecTBa
CYXOMW/WNW, COCYL0B M HEPBOB, 4YTO MpPOAJEBAET KaK npo-
OOMKUTENBbHOCTL  UWEMUMM  (KOTopaa AnAa KUCTM B Tenae
cocTaBnseT 4o 6 Yacos v B xonoge Ao 10-12 yacos [3]), Tak U pUCK
penepdy3nOHHbIX OCNIOKHEHMA.

Mpu TAXKENOW TpaBme (Yalie BCEro B pesynbraTe JOPOXKHO-
TPAHCMOPTHbIX NPOUCLIECTBUIA UM Ha NPOU3BOACTBE, HEPEAKO —
CO 3HAYMTE/IbHBIM 3arpA3HEHNEM PaH CMA304YHbIMM BELLECTBAMM)
NPEVMYLLECTBEHHO  BO3HWKAlOT  OTKPbITbIE  MHOMECTBEHHble
OCKO/IbYaTble NepesioMbl MACTHbIX KOCTeM M danaHr nanbues
KMCTU. o HEKOoTOpbIM  A3HHbIM  NPU  TaKMX  Kaneyalimx
NoBPEXAEHMAX KOHCONMAALMA NepesioMoB npoucxoauT B bonee
O/IMTENbHbIE CPOKM, YeM NPU U30/IMPOBAHHbLIX NEPENOMaXx KUCTH,
He COMPOBOXAAMOLWMXCA PA3MO3KEHMEM MATKUX TKaHeM, yalie
BCTpeYaeTca GOpMMPOBaHME NIOKHBIX CYCTaBOB, YTO MPUBOAUT K
HeobX0AMMOCTM MOBTOPHbIX OMNEPaTMBHbIX BMeLIaTenbCTs. Mpu
3TOM NOBTOPHbIE OMepaLmmn B YCNOBUAX USMEHEHHDBIX Tonorpado-
QHAaTOMMYECKMX COOTHOLLEHWI, BBUAY NPEALECTBYIOLLEN TAKENOW
TPaBMbl M BblpaXkeHHOro pybLoBOro npouecca, CBA3aHbl C
BbICOKMM PUCKOM NOBPEXKAEHNA COCYANCTO-HEPBHbIX CTPYKTYP [4].

LLENb NCCNEAQOBAHUA

lpocnekTMBHAA OUEHKA paHHMUX UWUCXOAO0B JeyeHuA nMa-
UMEeHTOB nocne pa3MO3)KEHMVI KMCTM B 061aCTU NACTLA VI/VI!'IM C
TpaHCMeTaKapnasbHbIMU OTYIEHEHUAMM HA CPOKe 6 Heaenb.

MATEPUAN U METOAbI

Taxénble NOBPEXAEHUA KUCTM — [OOCTaTOYHO PeaKo
BCTpeyatoLwanca TpaBma — Tak, 3a nepuog 01.01.2022-31.05.2025
B CMeLMannM3MpoBaHHOM LeHTpe [0poACKOM  KAMHWYECKoM
60nbHULUbl MM. C.C. tOauHa nonyunnm neveHne 32 naumeHTa
C PasMO3XEHMAMM KWUCTU Ha MeTaKapnanbHOM YpOBHe U C
TpaHCMeTaKapnaabHbIMK OTYNeHeHnAMKU. Y 13 naumeHToB 6binn
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INTRODUCTION

High-energy hand injuries are characterized by soft tissue
defects and crushing, along with extensive skeletal destruction,
leading to significant functional loss and altered appearance [1].
Hand amputation or mutilating hand injuries affect not only the
patient's ability to work but also their mental well-being. The success
rate for replantations in proximal amputations occurs in 77-93% of
cases, underscoring the need for early reconstructive intervention
[2].

Severe hand injuries are often associated with extended periods
of preoperative soft tissue ischemia, which can lead to an increase
in the extent of surgery needed to repair multiple tendons, blood
vessels, and nerves. This scenario increases both the ischemia time,
which is typically around 6 hours of warm ischemia or 12 hours of
cold ischemia [3], and the risk of reperfusion-related complications.

In cases of severe trauma, typically resulting from road traffic
accidents or industrial accidents, open multiple comminuted
fractures of the metacarpal bones and finger phalanges are commonly
observed, often accompanied by significant contamination from
lubricants. Research indicates that the bone union for these
severe, mauled injuries takes longer compared to isolated hand
fractures that do not involve crushing of the soft tissue. Additionally,
nonunions are more likely to happen, which may require multiple
surgeries. Furthermore, performing repeated procedures in areas
with altered anatomy and topography due to severe trauma and
extensive scarring significantly increases the risk of damaging vital
vascular and nerve structures [4].

PURPOSE OF THE STUDY

To conduct a prospective study of early outcomes of treatment
of patients with severe crush injuries to the metacarpal area of the
hand and/or transmetacarpal amputations at 6 weeks.

METHODS

Severe hand injuries are relatively rare; thus, between January
1,2022, and May 31, 2025, 32 patients with metacarpal crush injuries
and transmetacarpal amputations were treated at the Center for Hand
Surgery and Reconstructive Microsurgery at S.S. Yudin City Clinical
Hospital, Moscow, Russia. Among these, 13 patients presented with
extensive skin and soft tissue defects and were therefore excluded
from the study. Of the remaining 19 patients, intramedullary pin
osteosynthesis was performed in 8, K-wire osteosynthesis in 9,
combined screw-wire osteosynthesis in 1, and external fixation with
subsequent conversion to plate osteosynthesis in 1.

Before osteosynthesis, each angularly displaced metacarpal
bone fragment was sequentially reduced using the Jahss maneuver
[5]. Rotational malalignment was corrected using a derotation
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06HapyKeHbl 0OLWMpHble AeDEKTbI KOXM U MAFKMX TKaHEMN,
NMO3TOMY OHM BbIIN UCKAKOYEHBI U3 UCCNefoBaHuA. U3 ocTaBLImMxcs
19 nauMeHTOB WHTPaMeAyNNAPHbIA OCTeOoCUHTE3  WTUdTaMm
6bln BbINONHEH Y 8 NaUMEHTOB, Y 9 — OCTeOCHHTe3 cnnuamu, y 1
— OCTEOCMHTE3 BUHTaMWM W CMMLAMM, OCTEOCMHTE3 annapaTtom
HapyXHoW ¢uKcaumm 6bin Takke y 1 mauueHTa ¢ nocneapyoulein
KOHBEPCMEI Ha OCTEOCUMHTE3 HAKOCTHOM NAACcTUHOM.

Mepes  BbINOAHEHMEM  OCTEOCMHTE3a  MPOM3BOAMANACH
penosnuma OTIOMKOB MOOYEPEAHO ANA KaAoN NoBpeKAEHHOW
NACTHOMN KOCTMW: YINOBOE CMEeLLEeHME YCTPaHANOCh C NPUMEHEHMEM
Jahss-maHéBpa [5], poTauMoHHoe — C  NPUMEHEHMEM
npotusopoTaumm. C y4éTom TOro, YTO OCTEOCUMHTE3 MeTapr3apHbIX
nepenomMoB MHTpaMeayanspHbiMK WTudTamm He obecneuvBaeT
cTabunbHyto dUKcaumio, BbisI0 MPUHATO pPeLEeHUe O BbINOSHEHUN
OCTEOCMHTE3a CMMLAMW  MpW  NIOKaZM3auMu  NepesoMoB B
meTadv3apHOW 061aCTM M NPUMEHEHUW WHTPaMEAYNNAPHOTO
OCTEOCHHTE3a WTMPTaMM B guadu3apHoOi 30He.

Mpu  HanMuuMM KakoW-nMbo HENOBPEKAEHHON MACTHOW
KOCTM (Kpome nepBOI), OCTEOCMHTE3 CNULAMM BbINOAHAACA
nyTém TpaHcoUKcaumum GparMeHTOB COMAHHOM  KOCTU K
HenoBpPeXAEHHOW, NpU Nepenome BCEX YETbIPEX MNACTHbIX
Kocteir (II-V) — nytém amaduKcaumu; pNa MHTPAMeayNANAPHOro
OCTEOCMHTEe3a 6blIM UCMO/b30BaHbl NPean3orHyTble WTUGTbI C
TpéxToueyHoW ¢uKcaumel (puc. 1). Bce wWTnMdTbl NpoBOAUAUCL B
QHTEerpaflHoOM HanpaBAeHWM, TOYKa focTyna Oblna pacnonoxeHa
MO TblIbHOM NOBEPXHOCTH NPOKCUMANbHOTO MeTasnudm3a NACTHOM
KOCTU. B 6O/bLUMHCTBE CNy4aeB BbINOMHEHWE AOMOAHUTENBHOIO
fJoctyna He TpeboBanoch, WTUGTbI YCTaHABAMBANNCD Yepes yiKe
NnoJsly4yeHHble pPaHbl.

Pe3ynbTaTbl B paHHEm noc/ieonepaLMoHHOM nepuoae 6biam
oLeHeHbl Ha cpoke 6 Heaenb, 3 HeAENU U3 KOTOPbIX MALMEHTbI
HaxoAM/IUCb Ha CTaLMOHAPHOM NleyeHun, a apyrue 3 Hegenn —
Ha aMbynaTOPHOM NIeYeHUU C NMPUMEHEHMEM TeNeMeaULMHCKUX
TeXHonornii. BbipaxkeHHOCTb 60NEBOrO CMHAPOMA OLIEHWMBANACh
C WCMNONb30BaHWEM BU3ya/lbHOM aHANOrOBOWM LWKanbl 6oau
(BALL), murpaums GyKcaTOpoB U HaNMUMe BTOPUYHbIX CMELLLEHU
OLEHMBAIUCb MO 3TanHbIM peHTreHorpammam. PyHKUMA KUCTU
C UCMONb30BAHWEM OMPOCHUKA MCXOA0B M HECrmocobHOCTU pyKu
1 Kuctn (DASH) He oueHMBanach, B CBA3M C KOPOTKMMM CPOKaMu
HabntoaeHWA B paHHEM nocieonepauyoHHOM nepuoge. Tak Kak
AMNAUTYAA ABUKEHUIN B NACTHO-PANAHTOBBLIX M MeKdanaHroBbIx
CyCTaBax 3aBUCUT He TOMbKO OT METOAA  BbINOSHEHHOTO
OCTEOCMHTE33, HO WM OT COMYTCTBYIOLLErO MOBPEXKAEHUA MAr-
KUX TKaHEeW, CPaBHUTENbHAA OLEHKa TaKoW amMnauTyapl He
nposoaunach.

Bce nauveHTbl fanu cBoE [06pPOBO/LHOE MUCbMEHHOE
MHbOPMMPOBAHHOE COrNacKe Ha yyacTue B UCCNef0BaHUM.

CTaTUCTMYECKMI aHanM3 MOMYYEHHbIX AAHHbIX BbIMONHEH
C wucnonb3oBaHMeM nporpammbl  SPSS  Statistics 28 (IBM
Corp., Armonk, New York, US) c npumeHeHMemM meTOLOB
HenapamMeTpUYecKol CTaTUCTUKU. [nA Kaxaon U3 HenpepbiBHbIX
BE/IMYMH MPUBELEHbl MefMaHa, BEPXHUIN U HUKHWUIA KBapTUAN.
AHann3 BbINOMHEH € Ucnosb3oBaHMem U-KpuTtepua MaHHa-YUTHH,
TOuYHoro Tecta ®Puwepa.

PE3Y/NbTATbI

M3 19 naumeHToB C BbICOKO3HEPreTMYyecKuMM TpaBMammn
KUCTU nopasnawolee 6onblinHCTBO (18 uyenosek, 95%) 6bian
MYXYMHAMK, MearaHa Bo3pacta — 42 roga. B rpynne nauneHTos,
KOTOPbIM BblN BbINOAHEH OCTEOCUHTES cnuuamm, 8 M3 9 naLmeHToB

osteotomy of the metacarpal bone. Intramedullary pins used alone
for metaphyseal fractures often do not provide sufficient stability
against all forces. Therefore, a decision was made to perform
K-wire osteosynthesis for the metaphyseal fractures and to use
intramedullary pins in the diaphyseal fractures.

When any intact metacarpal bone (except for the first
metacarpal) was present, K-wire osteosynthesis was performed by
transfixing the fractured bone fragments to the intact bone. In cases
where all four metacarpal bones (lI-V) were fractured, transverse
K-wire fixation was used. For intramedullary osteosynthesis, pre-
bent pins were used to provide a three-point fixation within the
medullary canal (see Fig. 1). All pins were placed through an
antegrade approach, with the point of entry located on the dorsal
surface of the proximal metaepiphysis of the metacarpal bone. In
most cases, no additional incisions were necessary, as pins were
inserted through the fracture site.

Early postoperative outcomes were assessed at 6 weeks.
Patients received inpatient treatment for 3 weeks, followed by
3 weeks of outpatient telehealth treatment. Pain severity was
evaluated using the visual analog scale (VAS), and fixator loosening
and secondary displacement were assessed on radiography. Hand
function was not evaluated using the Disabilities of the Arm,
Shoulder, and Hand (DASH) questionnaire due to the short follow-up
period in the early postoperative phase. Additionally, because the
range of motion in the metacarpophalangeal and interphalangeal
joints depends on both the osteosynthesis technique and any
accompanying soft tissue injuries, a comparative assessment of this
range of motion was not performed.

All patients provided their voluntary written informed consent
to participate in the study.

Statistical analysis of the collected data was conducted using
IBM SPSS Statistics for Windows, Version 28 (Released 2021; IBM
Corp., Armonk, New York, US), applying nonparametric statistical
methods. For each continuous variable, the median, upper quartile,
and lower quartile were reported. The analysis utilized the Mann-
Whitney U test and Fisher's exact test.

RESULTS

In a study involving 19 patients with high-energy hand
injuries, an overwhelming majority (18 individuals, 95%) were men,

Puc. 1 Cxema uHMpameodysnnapHo20 PACcNONoOMeHUA Wmugpma e
nAacmHol Kocmu

Fig. 1 A model illustrating the positioning of an intramedullary pin
within the metacarpal bone
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6bINN MYKYMHAMK, MegmnaHa Bo3pacta —44 [41; 50] roga. B rpynne
MauMeHTOB, KOTOPbIM Obl1 BbINOIHEH OCTEOCUHTES LWTUPTaMM, BCe
naumeHTbl BblIM My}KYMHAMKU, MeauaHa Bospacta — 37,5 [25,5;
53] net. CTaTUCTMYECKM 3HAYMMOWM pasHuubl no noay (p>0,05)
1 Bospacty (p>0,05) He obHapy»eHo. TpaBMbl 6blLIM MOAYYEHbI
NMbo B pesynbTaTe MOMAZAHUA KUCTU MNOA TAXKENbIN npeamer
(npecc, aBTOMOGUAL M Np.), "MMBO B pe3ynbTaTe MOBPENKAEHMSA
KMCTU Paboumnm MHCTPYMEHTOM (Yr10Ban WAMPOBaIbHAA MalluMHa,
6eH3onuna, Tonop). MeanaHa NpPoOAOCKUTENBHOCTU OCTEOCHUHTE3A
wrndrtamm coctasuna 61 [59,7; 63] muHyTy, cnnuamm — 60 [57; 62]
MUHYT.

3HayeHne BALL y naumeHTOB, KOTOPbIM 6bl1 BbIMNOAHEH
OCTEOCUHTE3 CMULAMM, Ha CPOKe 6 Heaenb coctasuio 2 [1; 2], y
MaunMeHToB, KOTOPbIM Oblnl BbIMOJHEH OCTEOCMHTE3 WTUdTaMK,
- 1,5 [1; 2,2]. Pa3Huua 3HayeHuit BALL 6blna cTaTUCTUYECKM
HesHaumma (p>0,05).

Y 2 nauMeHTOB NPOM3OLLAA MUTPALLMA CNUL, YTO ABAANOCH
CTaTUCTUYECKM He3HaummbiMm (p>0,05). HM y opHoro nauueHTa
He OblI0 OTMEYEHO BTOPMYHBLIX CMeLleHWin. Y 2 nauMeHToB B
rnocseonepaumoHHomM  nepuoge  CHOpPMUMPOBANUCHE  HEKPO3bl
PennaHTMPOBaHHbLIX Na/blLes, 4YTO nOTPeboBaso MNOBTOPHbIX
OMepaTUBHbIX BMELUATE/NIbCTB: HEKPIKTOMMUI U OPMMPOBaHMIA
KynoTe  nanbueB.  [poAo/IKUTENBHOCTE  MMMOBWAM3aLMK
TMMNCOBOM JIOHTETHOW MOBA3KOM MPM OCTEOCMHTE3Ee ChuLamu
cocTaBuna 6 Hepenb, MNpU  OCTEOCUHTe3e WTUdTamK npu
YCNOBUM OTCYTCTBMA MOBPENKAEHUA CYXOMUAUU — 7 pHel,
npy MNOBPEXAEHUU CYXOXUAMI crubaTtenei — 3 Hepenu, npu
NMOBPEXKAEHUN CYXOXUAWUIA pasrnbaTenelt — 6 Heaenb. PaHHIOO
arpeccuBHyt0 peabuauTauMio nauMeHTam Mociae OCTeOCMHTEe3a
CNML,AMM YAAN0Ch HavyaTb He paHbLue 3-i Hegenu nocae onepauum
B CBA3W C TeM, YTO TaKon meTtog duKcaumm He obecneyvBaer
HeobxoaMMYyH0 CTabM/IbHOCTb, A TaKXKe NPUBOAMUT K MOBPEKAEHMUIO
MEXKOCTHbIX MbIWL, [lauMeHTbl, KOTOpbIM 6bll1  BbINOMHEH
OCTEOCUHTE3 WTUPTaMK, HAYMHANN peabunmTaumio Ha 7-0i AeHb
rnocne onepawmu.

Pe3ynbTaTbl NPUMeEHEeHWUs Pa3paboTaHHOW TAKTUKKU NeYeHus
MACTHbIX KOCTEM MpPWU BbICOKOIHEPreTUYECKUX MOBPEKAEHUAX
KMCTU BO3MOMKHO NMPOUANIOCTPUPOBATL CAEAYIOWMM KAMHUYECKMM
HabnoaeHvem.

B d¢espane 2023 roga B CneumanvMsMpOBaHHbIN LLEHTP
fopoackoit KnnHuuyeckon 6onbHMupl M. C.C. HOguHa obpaTuaca
My)KUMHa B Bo3pacte 31 roga, y KoToporo BO Bpems paboTbl
NpaBylo (LOMUHAHTHYIO) KUCTb 3aXKasio MeXay MeTaNInyeckumum
ctamun. UHUMAEHT NpousowWwén B APYrom ropoge, MnosTomy
C MOMEHTa MOJyYeHWA TPaBMbl A0 ODOpaleHWa B CTaLMOHap
npowwno 9 yacos.

Mpn ocmoTpe B MPUEMHOM OTAENEHUWM Y MALMEHTA
06HapyKeHO TpaHCMeTaKapnanbHOe OTYIEHEHNE KACTU Ha YPOBHE
BEPXHEN 1 cpefHen TpeTn anadur3os NACTHLIX KocTel, | nanbLa Ha
YPOBHE cpeaHei TpeTu AucTansHoi danaHrm (puc. 2, 3). PparmeHT
nepBoro nanbua u 6,10k II-V nanbues bW AOCTaBAEHbI OTAE/NBHO
C cobntogeHnem npasuia «TPEX nNaketos» [6].

OnepaTMBHOE BMELLATENbCTBO ObINIO BbINOJAHEHO MOA, NPO-
BOAHWKOBOM aHecTe3nel B akcuAnapHoi obnactu. OLHOBpeMEHHO
C HAYyaZ oM  MEpOMNpUATUIA MO  aHeCcTe3n0NOorMYecKomy
obecneyeHnto BMeLLATENbCTBA MepBas  XuUpypruyeckas Opu-
rafja npucTynuia K MEepBUYHOWM XMpypruyecko 0b6paboTke
OTUYNIEHEHHDbIX CETMEHTOB W BbIAENEHWNIO AHATOMUYECKUX CTPYKTYP
C YOaNEeHUMEM MENKUX KOCTHbIX OT/IOMKOB, 3arpsA3HEHHbIX M
Pa3MO3KEHHbIX Y4aCTKOB MATKUX TKaHeN, MapKMPOBAHUIO
CYXOMU/INM, COCYL0B U HEPBOB, MOC/E YEro OTYNIEHEHHbIN CErMEHT
| nanbua 66l NOMELWEH B CMELMaNM3MPOBAHHYIO XONOAM/IbHYIO
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with a median age of 42 years. Among patients who underwent
K-wire osteosynthesis, 8 of 9 were men, with a median age of 44
years [41; 50]. All patients in the other group who underwent pin
osteosynthesis were men, with a median age of 37.5 years [25.5;
53]. Statistically significant differences in gender (p>0.05) and age
(p>0.05) were not observed. The injuries were caused mainly by
the hand being trapped under a heavy object (such as machinery
or a car) or by damage from a cutting tool (such as an angle grinder,
chainsaw, or axe). The median duration of pin osteosynthesis was
61 minutes [59.7; 63], while the median time of wire osteosynthesis
was 60 minutes [57; 62].

The VAS scores at 6 weeks were 2 [1; 2] in patients with wire
osteosynthesis, and 1.5 [1; 2.2] in patients with pin osteosynthesis.
The difference in VAS scores was statistically insignificant (p>0.05).

Wire migration occurred in 2 patients, but this was also
statistically insignificant (p>0.05). No secondary displacements
were reported. Two patients developed necrosis of the affected
finger after replantation of an amputated finger postoperatively,
requiring further surgeries to manage the necrosis and form residual
finger stumps. The duration of cast immobilization during wire
osteosynthesis was 6 weeks; during pin osteosynthesis, provided
there was no damage to the tendons, 7 days; in case of damage
to the flexor tendons, 3 weeks; in case of damage to the extensor
tendons, 6 weeks. Aggressive early rehabilitation was delayed until
the third week post-surgery due to the limited stability of wire
fixation and risk of interosseous muscle damage. Patients who
underwent pin osteosynthesis began rehabilitation on the 7th day
after their surgery.

The effectiveness of the developed treatment strategies for
metacarpal fractures from high-energy incidents can be illustrated
by the following clinical example:

A 31-year-old right-hand-dominant male was referred to the
Center for Hand Surgery and Reconstructive Microsurgery at S.S.
Yudin City Clinical Hospital in Moscow, Russia, after injuring his right
hand. The injury occurred when his right hand got caught between
metal sheets while he was working. Due to the accident happening
in another Russian region, there was a nine-hour delay between the
injury and his hospitalization.

Upon examination in the emergency department, the patient
was found to have sustained transmetacarpal amputation of the
hand at the proximal and middle thirds of the diaphyses of the
metacarpal bones, as well as damage to the thumb at the middle
third of the distal phalanx (Figs 2, 3). A fragment of the thumb and
II-V fingers en bloc was delivered separately using a "bag-in-a-bag"
approach [6].

The surgical intervention was performed under axillary
block anesthesia. As the anesthesia began to take effect, the
back-table team initiated the preparation of the amputated parts
by debridement, dissection, and identification of anatomical
structures. This technique involved removing small bone fragments,
contaminated and crushed soft tissue, and tagging the tendons,
blood vessels, and nerves. The amputated segment of the thumb
was placed in a specialized refrigeration device. Simultaneously, the
other surgical team performed a similar initial debridement of the
hand stump, including a 5 mm marginal resection of the metacarpal
bones. Following this, intramedullary pinning of the II-V metacarpal
bones was performed. The extensor tendons of the II-V fingers were
then sutured, along with three dorsal veins. Interrupted sutures were
applied to the dorsal skin of the hand. The following steps involved
repairing the flexor digitorum profundus (FDP) tendons of the II-V
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YCTaHOBKy. BTopas 6puraga npounssena aHaforMyHyO NEPBUYHYIO
XMPYpruyeckyto 06paboTky paH KUCTWU, AOMOSHEHHYH KpaesoW
peseKLUMel NACTHbIX KOCcTel B npegenax 5 mm, nocne yero 6bin
BbINOMIHEH MHTPaMeayIfpHbINA ocTeocuHTes II-V NACTHLIX KocTei
wrudtamun. [anee npousBeAEH LUOB CyXOKUAWUIA pasrvbatenei
II-V nanbues, WOB 3 TblIbHbIX BEH, MOCAE 4Yero Ha/0XKeHbl
Y3N10Bbl€ LWBbI HA KOXY TblIJIbHOM NOBEPXHOCTU KUCTU. Cneaytomm
3TanoM BbINOJIHEH LUOB CYXOXWAuW mybokux crubateneit -V
NasbLEB, CYXOXU/INA NMOBEPXHOCTHbIX crubaTenei ucceyeHnl (ons
obneryeHms nocneaytoLlen peabunutaumm), 3aTem BbINOIHEH LWOB
-1V un IV-V oblwenanbuesbix apTepuit; gna socctaHosneHus -l
obLenanbLeBol apTepun Bblna UCNOMb30BaHa BCTaBKa M3 BEHbI
Ha crubaTesbHOM NOBEPXHOCTU nNpeAnseybs. BoccTaHoBNEHWE
KPOBOTOKAa COMPOBOXAANOCh MOABNEHUEM OTYET/IMBOrO COCY-
auctoro oteeta Ha |-V nanbuax 6e3 mMpu3HaKoB WX BEHO3HOW
HeA0CTaTOYHOCTH, YTO MO3BO/INIO BbIMOJHUTL BOCCTAHOBIEHME
0bLWenanbLeBbiX HEpBOB NYTEM HANOMKEHWSA 3IMUHEBPAsIbHBIX
weoB. Mocne BOCCTAHOBNEHUA KPOBOCHAOXKEHMA U MHHepBaLuu
6710Ka MasbLeB MPOM30LLIA CMEHA OMepauMoHHOW 6puragbl v
BbINO/JIHEH OCTEOCWMHTE3 AMCTaNbHOW danaHrv | nanbla cnuuamm
C MWKPOXMPYPIMYECKUM BOCCTaHOBAeHMeM | cobBCTBEHHOM
nanblesol apTepuu, 2 TblIbHbIX BEH WM 060MX NasbLEBbIX
HepBoB (Tabn. 1). Koxa 6bina ywuTa y3nosbiMu weamu (puc. 4).
[ononHUTENbHO KUCTb Bblna GUKCMPOBAHA MNCOBOM NIOHFETHOM
NOBA3KOW MO NaflOHHOW MOBEPXHOCTU OT KOHYWMKOB MasblLieB A0
cpefHen TpeTn npeanaeybs.

B nocneonepauvoHHom nepuoge uepe3 4 AHA Havan
GOPMMPOBATLCA HEKPO3 PENIAaHTUPOBAHHOM 4YacTU HOrTeBOW
dananrv | nanbua. MauueHT KaTeropuyeckn OTKasanca or

Puc. 2 Tpasmamuyeckoe
omysneHeHue oucmarssHol
anaHeu | nansya u boKa
1I-V nansues

Fig. 2 Traumatic amputation
of the distal phalanx of the
thumb and the II-V fingers
en bloc

Puc. 3 [MpedonepayuoHHble

nonepeyHsle Nepesnoml
ducmansHol anaHeu |
nansya u -V nacmueix
Kocmel

of the distal phalanx of
the thumb and the II-V
metacarpal bones

A
fingers. The superficial flexor tendons were excised to improve
functional outcomes. Then, the suture of the IlI-IV and IV-V common
digital arteries was performed. To repair the Il-lll common digital
artery, an autologous vein graft harvested from the flexor surface
of the forearm was used. Achieved revascularization, with a positive
vascular response and no venous insufficiency, created optimal
conditions for the subsequent repair of the common digital nerves
using epineural sutures. After revascularization and reinnervation
in amputated fingers, the following surgical team performed wire
osteosynthesis of the distal phalanx of the thumb, along with
microsurgical repair of the proper digital artery, two dorsal veins,
and both digital nerves of the thumb (see Table 1). Finally, the skin
was sutured with interrupted sutures (see Fig.4). The hand was then
immobilized with a volar forearm splint that extended along the
palmar surface from the fingertips to the middle third of the forearm.

Puc. 4 BHewHuli 8U0 KUCMU K KOHUY onepayuu

Fig. 4 Immediate postoperative image showing
the digital replantation
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perHmeeHoepammsl. [Tpocmele

Fig. 3 Preoperative X-rays of a
simple transverse amputation
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Tabauya 1 5mansl onepamusHoe2o ne4eHus nayueHma

Table 1 Timeline of surgical treatment of the patient

MepBuYHanA xmpyprudeckasa 06paboTKa paHbl KUCTH, BblAENEHUE U MAPKMPOBKA NOBPEKAEHHbIX CTPYKTYP.
Initial surgical care of the hand stump, dissection, and tagging of damaged structures.

23:00-23:30

11:00 PM-11:30 PM

23:30-01:00 OcteocuHTes |I-V nACcTHbIX KOcTel WTnudtamm.

11:30 PM-1:00 AM Pin osteosynthesis of II-V metacarpal bones.
01:00-02:00 Lo cyxoxkunuii pasrubateneii lI-V nanbues.

1:00 AM-2:00 AM Suturing the extensor tendons of the II-V fingers.
02:00-03:30 LLloB 3 TbIIbHbIX BEH.

2:00 AM-3:30 AM Suturing three dorsal veins.

03:30-04:30 LWoB cyxoxkunnuii rnyboknx crmbateneit -V nanbues.

3:30 AM-4:30 AM Suturing FDP tendons of the II-V fingers.

LLoB obwenanbuesbix aptepuit lII-IV u IV-V; ana BocctaHoBneHMA obuienanbuesoi aptepum lI-lll ucnonb3osa-

04:30-06:30
4:30 AM-6:30 AM

Ha ayTOBEHO3HaA BCTaBKa.

artery lI-1Il.

Los obLenanbLeBbix HEPBOB.
Suturing the common digital nerves.

06:30-08:00
6:30 AM-8:00 AM

Suturing common digital arteries Ill-IV and IV-V; an autologous vein graft was used to restore common digital

OcCTeoCHHTES ANCTaNIbHOM CballaHer | nanbua cnuuamu. Los nanbLesoi apTepun, ABYX BEH U ABYX Na/ibLeBbIX

08:00-11:00
8:00 AM-11:00 AM

HepBoB | manbua.

nerves of the thumb

7 mecaues cnycra
Month 7

PEeBM3NOHHOWN onepauun, B CBA3M C 4Yem 4epe3 12 aHel c
MOMEHTa NepBON OMepauuu  BbINOJHEHbI HEKPIKTOMMUA WU
dopmupoBsaHme KynbTu | NanbLa Ha YpOBHE AMCTaAbHOM danaHru.
MMmobunan3auma rvncoBoi JIOHrEeTHOW MOBA3KOM MpeKpalleHa
nocne MNOBTOPHOW onepaumu, NaUMEHT MNPUCTYNUA K PaHHUM
[ABUKEHWAM NanbLamu nog, pyKoBOACTBOM Bpaya-peabuamtosiora.
Tak Kak MO MecTy MNPOXWMBaHMA MNOCTPAZABLUEro OTCYTCTBOBAs
Nofo6HbIM CNeuManucT, HaxoXKAeHWe MauueHTa B CTauMoHape
6b1710 NPONOHIMPOBAHO, NaUMeHT Bbln BbiNUcaH gomoit yepes 20
AHel C MOMEHTa roCruTann3aLmn.

Yepes 7 mecAUeB HA KOHTPO/bHbIX PeHTreHorpammax
(puc. 5) onpeneneHa KoHconnaaums nepenomos, HO y 60/bHOrO
COXPaHANOChb OFrpaHUYeHNe aMNAUTYAbl Pa3rnbaHus, B CBA3U C Yem
6b1N1 BbINOMHEH TEHONN3 CyXOXUAUIA pasrnbaTteneit -V nanbues.
TaK KaK NPOKCMMasibHble KOHLbI WTUGTOB HAaXOAWAUCH B 30HE
BbINOJIHAEMOrO TEHO/IM3a, BbII0 NPUHATO pelleHne 06 yaaneHuu
meTannodpumkcatopos. MauMeHT NpUCTYNWUA K peabuautaummn Ha
CneayoLmnin aeHb Noce onepawumu.

Cnycta 3 roga y nauMeHTa COXPAHAETCA OrpaHuyeHue
crimbaHuAa M pasrnbaHuA nanbueB — BO3MOXHO, 3TO CBA32HO
C TeM, YTO MaLUMEHT He MNPOLO/MKUA peabunutaumio No Mecty
KUTENbCTBA W OTKa3alCA OT AajbHENWMUX PEKOHCTPYKTUBHBbIX
onepauuii,  HampaBlEHHbIX Ha  YAYYWEHUEe  CKOJbXKEHWUN
CYXOXWUAWUN  KUCTU. [lIOMUMO 3TOro, PasBUTUE KOHTPAKTYpbI
NanbLEeB TaKKe MOXeT BbITb CBA3AHO C NOBPEXAEHUEM TblIbHbIX
W NAfIOHHbIX MEXKOCTHBIX MbIWL, M 4epBeobpasHbIX MbILUL,
npu NepBUMYHOW TpaBme. AMNAWUTYAbI ABWMKEHMI B CycCTaBax
nanbLeB ONepuMpoBaHHOMN KOHEYHOCTW MpeAcTaBieHbl B Tabn. 2.
[JVCKPMMMHAUMOHHAA YyBCTBUTENbHOCTb cnpasBa | naney, — 12
mm, 11V nanbusl — 20 mm. CornacHo onpocHuky DASH pocturHyT
XopoLuumit pesynbtat (cymma 6annos coctasuna 50).
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K-wire osteosynthesis of the distal phalanx of the thumb. Suturing the digital artery, two veins, and two digital

YnaneHnue windTos m3 |-V NACTHbIX KOCTeN. TEHONN3 CYXOXKMUAUI pasrnbaTenei.
Pin removal from the II-V metacarpal bones. Extensor tenolysis.

Four days after the surgery, necrosis developed in the replanted
portion of the distal phalanx of the thumb. A necrosectomy and
stump reconstruction of the thumb at the distal phalanx level, 12
days later, was performed after the patient denied revision surgery.

Puc. 5 KoHmponbHasa peHmaeHo2pamma, 8sinosHeHHaa cnycms 7
mecAyes. KoHconuduposaHHsle nepenomel I1-V nacmHeix kocmed,
KynbmA | nanbya Ha yposHe npokcumasnsHol mpemu ducmaneHol
anaHau

Fig. 5 Plain radiograph taken after 7 months of follow-up. Bone union
at the replantation site of the II-V metacarpal bones, stump of the
thumb at the level of the proximal third of the distal phalanx
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OBCYXAEHUE

Mpexae Yem NPUCTYNUTb K BOCCTAHOBAEHWMIO MAMKOTKaHbIX
CTPYKTYP (CyXOXKunusa, cocyapl U HEepBbl) MU TAXKENbIX TPaBMaXx,
KaK NpaBW/IO, BbINOHAETCA OCTEOCMHTE3 MACTHbIX KocTel [4].

B KayecTBe WMMNNQHTATOB WCMOMbL3YIOTCA CMMUbI, annapatbl
HapyKHOM GUKCaLLMK, NNACTUHBI U BUHTDI.
AHanu3  coBpemeHHOW auTepaTypbl [7-12] nokasan,

YTO Yalle BCEro A/1A OCTEOCMHTE3a MACTHbIX KOCTEM XMpypru
MCMOAb3YIOT CNULBI, YTO, B NEPBYH0 0Yepesb, CBA3AHO C NPOCTOTOM
1 bbicTpoTON MeToaMKW. Mpu eé npoBedeHMM He MpPoucxoamuT
[OMNOTHUTENBHOTO NOBPEKAEHNA OKPYXKAOLWMX TKaHel [4]. Tem He
MeHee, 3TOT MEeTOZ, OCTeOCHMHTE3a He obecneynsaeT Heobxoanmyto
CTabWNbHOCTb, YTO MOMET MPUBOAUTL K BTOPUYHBIM CMELLEHUAM
M HecpaleHuaM; MNOMUMO 3TOro, MeTof noApasymeBaeT
HeobXoAMMOCTb  WUCMONb30BaHWA  AOMONHWUTENbHOW  MMMO-
6unM3aumMm B MocaeonepaumMoHHOM Mepuoge, YTO 3aTpyaHAeT
BeAeHWe paH u nposedeHne peabunuTaumm [13]. Okumus A
et al npumeHunn octeocnHTes cnuuamm y 11 naumeHTos, 2 u3
KOTOpbIX NOTPebOBaNCA pPEOCTEOCMHTE3, OAHAKO aBTOPbl He
YKasanu nogpobHOCTU BbIMOIHEHHbIX MOBTOPHbIX onepauuin [8].
Zyluk A et al B 1BYX CBOMX CTaTbAX NOAPOBHO He OCTaHaB/IMBAIOTCA
Ha wWCnonb3yemblx ¢uUKcaTopax, HO MNPUBOAAT KJAMHUYECKME
HabnogeHUs MauMeHTOB C  PEHTreHorpaMMamu nocsie  Bbl-
No/IHeHMA ocTeocuHTe3a cnuuamm [11, 12].

Podszus B et al onucbiBaloT KAuHMYeckoe HabnoaeHue
nauMeHTa C TpaHCMETaKapnasbHblM YPOBHEM OT4Y/IeHEHMS,

Tabauya 2 AMnaumyoa akmueHbIx 0suxeHul 8 nansbuax Kucmel

(pazeubaHue/caubaHue) no HelimpanbHOMY HOMb-NPOXOOAUIEMY MEMOOY

Manbubl
Fingers

CycraBbl
Joints
MacTHo-panaHrosbI
Metacarpophalangeal
MeskdanaHrosbin
Interphalangeal
MAcTHO-panaHrosbIN
Metacarpophalangeal

| naney,
Thumb

Il nanew

Index Proximal interphalangeal

[uncTanbHbI MexdanaHrosblin
Distal interphalangeal
MsacTHO-panaHrosbIM
Metacarpophalangeal
Il nanew,
Middle Proximal interphalangeal
OuctanbHbl mexxdanaHrosbli
Distal interphalangeal
MacTHo-panaHrosbIn
Metacarpophalangeal
IV nanew,
Ring Proximal interphalangeal
OunctanbHbi mexdanaHrosbli
Distal interphalangeal
MAcTHO-panaHrosbIN
Metacarpophalangeal
V naney,

Little Proximal interphalangeal
[ucTanbHbI MexdanaHrosbin

Distal interphalangeal

MpOKCUMaNbHbIM MeXKbanaHrosbIi

MpoKcMManbHbI MexdanaHrosbIi

MpoKcmanbHbIA MexXdanaHrosbIn

MpoKcMManbHbI MexXdpanaHrosbii

After the reoperation, the cast was discontinued, and the patient
began early finger movement under a physiatrist's guidance. Since
no rehabilitation specialist was available in the patient's place of
residence, the hospital stay was extended, and the patient was
discharged home 20 days after admission.

After 7 months of follow-up, bone union at the replantation
site was confirmed on plain radiographs (see Fig. 5), but the patient
still had a limited range of motion. To address this, tenolysis of the
extensor tendons of the II-V fingers was performed. Because the
proximal ends of the pins were within the designated tenolysis area,
the decision was made to remove the metal fixators. The patient
began rehabilitation the day after this surgery.

Three years later, the patient still has limited mobility in both
finger flexion and extension. This limitation may be attributed to
the fact that he discontinued rehabilitation at home and declined
additional reconstructive surgeries intended to improve tendon
gliding in the hand. Additionally, the development of finger
contractures could be linked to damage sustained by the dorsal and
palmar interossei muscles, as well as the lumbrical muscles, during
the initial injury. The range of motion in the finger joints of the
operated hand is detailed in Table 2. The discriminatory sensitivity
readings were 12 mm for the thumb and 20 mm for the II-V fingers.
According to the Russian version of the DASH questionnaire, the
patient achieved a good outcome, with a total score of 50.

Table 2 The assessment of active range of motion (AROM) for finger
extension and flexion recorded by the neutral zero position method

MNpaBas KUCTb JleBas KUCTb

Right hand Left hand
5/5/25° 0/0/70°
T ooz
5/0/45° 5/0/85°
5/5/95° 0/0/95°
10/10/25° 0/0/70°
5/0/70° 5/0/85°
10/10/80° 0/0/95°
10/10/20° 0/0/80°
0/0/70° 5/0/85°
45/45/60° 0/0/95°
10/10/15° 0/0/70°
0/0/25° 5/0/85°
15/15/45° 0/0/95°
15/15/40° 0/0/80°
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KOTOPOMY NEpPBWMYHO Obli BbINONAHEH OCTEOCUHTE3 CMULAMMU,
yepes 7 Hegenb cnuubl 6bln yaaneHbl, 0OgHaKo He Habnoganochb
PEHTrEHONOMMYECKMX MPU3HAKOB KOHCONAMAAUMM  NEepesoMoB,
KNAMHUYECKM TaKXKe MPUCYTCTBOBANM MPU3HAKM HECTabUNbHOCTY,
B CBA3M C YeM nNauueHTy Obla BbINOMHEH MOBTOPHbIN, YKe
WHTpameayNApHbIN ocTeocnHTes II-V NACTHbIX KocTel BUHTaMu
(Ha peHTreHorpammax, BbIMOMHEHHbIX cnycTA 3 mecAua,
oTMeYanacb KoHconuzaumsa ecex nepenomos) [13]. Lahiri A [14],
a Takxe Tosti R, Eberlin KR [15] B cBOMX cTaTbAx npepgnaratoT
MCMo/b30BaTb OCTEOCMHTE3 CNULAMM WM annapaTamu BHeLUHewn
buKcaumm, Npu 3STom NOCNELHUM OTAAIOT NPeAnoYTeHME B Cayyae
06MNbHOrO 3arpA3HEHUA PaH.

MeToaMKa MHTPaMeayNfipHOrO OCTEOCUMHTE3a BUHTAMU
unn  windTamm ABNAETCA MUHUMHBA3MBHOW, 3a4acTylo MOMET
6bITb BbINOMHEHA M3 YXKe UMetoLLelica paHbl KUCTU. B npoTneoBec
OCTEOCMHTE3y  CMWUaMK,  UHTPaMeaynNsapHbIA  OCTEOCUHTE3
BUHTaMU WM wWTudTamu, obnafas Temu Ke AOCTOMHCTBAMMU,
obecneunBaeT  AMHAMUYECKYID  KOMMPECCUMIO  OT/IOMKOB W
CTabunbHOCTb GMKCALLMK, YTO NO3BOASET HAUMHATL PEABUNUTALMIO
B paHHEM nocaeonepaumMoHHom nepuoge [16, 17].

Opyrum metogom QuKcaumm nNepesomoB Npu  TAKENbIX
NOBPEXAEHUAX  KUCTU  ABNAETCA  MNPUMeEHeHWe  annapaTta
Hapy»KHOM pUKcaL MK, NOKa3aHHOE NPU MACCUBHbIX 3arpA3HEHUAX
paH. Wcnonb3oBaHWe  TaKMX  anmapatoB  MUHUMU3MPYET
[ONONHWUTENbHOE MOBPEXAEHWE MAMKUX TKaHel W nossonser
NpUCTYNaTb K paHHel peabunutauun. 3ToT meTon obecrneymsaet
OTHOCUTENIbHYIO  CTabuUNbHOCTb  GMKcauun (Npu  npoBeaeHWU
CTep)KHel B 002 OT/IOMKA KaXAoW M3 MOBPEXAEHHbIX MACTHbIX
KOCTeM) W, B HEKOTOPbIX CAyyasXx, TpPebyeT MOBTOPHOroO
onepaTMBHOIO BMELLIATE/IbCTBA A/19 KOHBEPCMM Ha OKOHYATE/IbHbIN
NorpykHol metog ¢uKcaumMu nocne crabuamsaumm CoCToAHMSA
NaLMeHTa N OKPYKaloLWMX MATKMX TKaHew [14, 15, 18].

Anderson SR et al npuBenn KAMHWYeCKoe HabnoaeHwe
nauMeHTa C paspyleHHOM KUCTblo, NepeHECLIero MHorostanHoe
NeyeHne. B xope opToneanyeckoro 3stana 6bl1  BbINOJHEH
OCTEOCUHTE3 MACTHbIX KOCTE anmnapaTom HapyXHoWn dukcaumm,
AOMNONHUTENbHO BbINOMHEH MHTPaMEAYANAPHbIA ocTeocuHTes I
n IV NACTHbIX KocTel cnuuamu. Annapat 6bin yaanéH 6 Hegenb
cnycTa. 7 MecsAUeB ChycTA Ha KOHTPOJ/IbHbIX PEHTreHorpammax
OTCYTCTBOBa/IO cCpalleHVe 3 MACTHOM KOCTW, B CBA3M C 4Yem
6bl1a BbINO/HEHA NOBTOPHaA OnepauMs — KOCTHas naacTuka u
OCTeOCUHTE3 nnactTuHoM [19].

OcTeocuHTE3 BMHTaMWM WM NAacTMHamu obecneunsaer ab-
COMIOTHYIO CTabuAbHOCTL  OUMKCALUMM, HO HEe MoAXoAUT ANf
UCMO/Mb30BAHUA NPU TANKE/bIX TPaBMax KUCTU B CBA3U C Tem,
YTO 3Ta MeETOAMKAa He TOMbKO noapasymesaeT nof coboi
[ONONHUTENBbHYIO TPAaBMaTU3aLMIO YXKe MOBPEXKAEHHbIX MATKUX
TKaHel M [eBacKynAapu3aLmio OTIOMKOB B mpouecce AWUCCEeKLmMn
— eé ucnonb3oBaHWe H6onee yem AMCKYTAbeNbHO MPU OTKPbITbIX
nospexaeHuax [4]. Takke uMNAaHTauMA MeTannoduKcaTopos
NPOAO/IKUTENbHA, UTO YBEIMUMBAET TAXKECTb UWeMUK [4], Takum
06pa3om 3TOT METOA, OCTEOCHMHTE3a MOXKET 6biTb MPUMEHWM B
KayecTBe BTOPOro 3Tana KOHBEPCUM BHeLIHeN GUKcaumu unm npu
NMOBTOPHOM onepauMmn B Clydae HecpalweHus nepenomos [14, 15,
18].

Woo SH otmeuvaet, u4TO @yHKUMOHANbHbIE pe3ynbTaThl
npy TpaHCMETaKapnasbHOM OTYIEHEHUM KUCTU XyXKe, Yem
npu 60nee AMCTaNbHOM YPOBHE OTY/IEHEHWA, YTO CBA3AHO
C NpPAMbIM TMOBPEXKAEHNEM MEXKKOCTHbIX M 4epBeobpasHbix
MbILWL, M Pa3BUTMEM MOCAeAylOWeNn KOrTucTon gedpopmaumm —
NPUKMBAEMOCTb CErMEHTa Ha TAaKOM YPOBHe cocTaBaana ot 67%
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DISCUSSION

In severe injuries, osteosynthesis of the metacarpal bones is
usually performed before attempting to restore soft tissue structures
(tendons, vessels, and nerves) [4].

Orthopedic implants include K-wires, external fixation
devices, plates, and screws. A recent literature review shows that
surgeons most frequently use K-wires for metacarpal fractures
due to simplicity and speed [7-12]. Additionally, it does not cause
additional damage to surrounding tissues [4]. However, this method
of osteosynthesis does not provide adequate stability, which
may result in secondary displacements and nonunions; it also
necessitates extended postoperative immobilization, complicating
wound management and rehabilitation [13]. Okumus A et al (2020)
performed K-wire osteosynthesis on 11 patients, two of whom
required re-osteosynthesis, although the details of the repeat
procedures were not specified [8]. Zyliuk A et al (2018, 2021) do
not specify the fixators used but provided case reports based on
radiographs following K-wire osteosynthesis [11, 12].

Podszus B et al (2024) describe a case involving a patient
with a transmetacarpal amputation who initially underwent K-wire
osteosynthesis. After seven weeks, the wires were removed; however,
radiographs indicated no signs of bone union. Clinical examination
confirmed persistent bone instability, leading the patient to undergo
a repeat surgery involving intramedullary screw fixation of the
II-V metacarpal bones. Three months later, radiographs confirmed
successful fracture healing [13]. Lahiri A (2019), Tosti R and Eberlin
KR (2018) recommend using K-wires or external fixation devices,
with the latter preferred in cases of extensive wound contamination
[14, 15].

Intramedullary osteosynthesis using headless compression
screws or pins is a minimally invasive technique that can often be
performed through the fracture site. Unlike traditional Kirschner
wire fixation, it provides dynamic compression of fracture fragments
and stable fixation, allowing for early postoperative rehabilitation
[16, 17].

External fixation is a valuable option for managing severe
hand injuries, particularly those involving heavily contaminated,
open wounds. External fixation devices for damaged metacarpals
minimize further soft-tissue injury and facilitate early rehabilitation.
This technique provides relatively stable fixation by inserting pins
into both fragments of damaged metacarpal bones. In some cases,
subsequent surgery may be required to convert to a definitive buried
fixation method after the patient has stabilized and soft tissues have
healed [14, 15, 18].

Anderson SR et al (2022) reported a case of a severe, mangled
left-hand crush injury treated with a multi-staged approach. During
the initial orthopedic stage, an external fixator was used to stabilize
the metacarpals. Intramedullary wires were also used for the Ill and
IV metacarpal bones. The device was removed after about six weeks.
Seven months later, radiographs showed nonunion of the third
metacarpal. The nonunion prompted a second surgery involving
bone grafting and plate osteosynthesis [19].

Plate and screw osteosynthesis provides rigid fixation of
bone fractures. Still, it has significant drawbacks for severe hand
injuries. The procedure inherently requires additional trauma to the
soft tissues, compromises blood supply to bone fragments during
surgical dissection, and is particularly risky in open fractures where
infection is a significant concern [4]. When installed using traditional
techniques, the application of metal fixators can be time-consuming,
potentially worsening ischemia [4]. This method can serve as a
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8o 100%. Cpeam 12 cratel, KoTopble NMPOAHaAM3UPOBAN aBTop,
B 9 He 6bl1 yKasaH MeTof OCTEOCMHTE3a, B 3 ApYyrMx OnucaH
ocTeocuHTes cnuuamu [20].

3AKNIOYEHUE

Takum  06pasom, MNPUMEHEHHbIN  UHTPaMeAyANAPHbIN
OCTEOCMHTE3  WITUPTaMM, KaK U OCTEOCMHTE3  CNULaMM,
COOTBETCTBYET KpUTEPUAM ObICTPOTHI M MPOCTOTHI BbIMOSHEHUS.
OpHaKko, octeocuHTe3s WTMdTamMu obecneumsaeT MOSHOLEHHYHO
OTHOCUTE/IbHYIO  CTabUNbHOCTL M, Npu  HeobxoaMmoCTH, —
OVHAMUWYECKYI0  KOMMPECCUI0  MEXAy OTIOMKaMM  MACTHbIX
KoCTeW, b6narogaps yemy [OCTUraeTcAa CTabuabHOCTb PUKcaumm,
No3BO/IAOLLAA MPUCTYNaTb K paHHeN peabuamTaumm, ymeHblUaeTcs
PUCK BTOPWUYHOTO CMELLEHUA W HaPYLIEHWS KOHCOIMAALMU
nepenomos.

BbiBOAbI

MHTpameaynnapHbI OCTEOCUMHTE3 WTUdGTaMM MOXKeT BbiTb
MeTo0M Bbi6opa Npu AnadursapHbIX Nepenomax NACTHbIX KocTeN,
CONPOBOXAAOLLMXCA TAMKENBIM NOBPENKAEHMEM MATKUX TKaHEW,
npu meTadusapHbIX nepesiomax LenecoobpasHo BbINOSHEHME
OCTEOCHHTE3a CNnLamMm.

B cBA3M C Tem, 4TO OCTEOCUHTE3 CrMuamu obecrneymsaeTt
OTHOCUTE/IbHYIO  CTabunbHOCTb, HEoBXoaMMO  MCMONb30BaTb
[JOMONHUTENbHYIO  MMMOOWM3AUMIO JIOHTETHOW TMOBA3KOW B
nocneonepauvoHHOM Nepuose CPOKOM He MeHee 6 Hefenb.
OcteocuHTe3s wWtndTammu obecneumsaer H0/blUYIO CTaOUIBHOCTL
B CPaBHEHWM C OCTEOCMHTE30M CMMLAMM, NO3TOMY CPOKM
[OMNONHUTENBHON MMMOBUAN3ALMM 3aBUCAT TONIbKO OT COCTOAHMSA
OKPYKaIOLWMX TKaHel: 6e3 NOBPEXAEHUA CYXOXUANA — 7 gHeNn,
npu MOBPEXAEHUU CYXOXKWUAWK crubatenei — 3 Hegenu, npwu
NOBPEXAEHUN CYXOXUANIN pasrnbaTtenent — 6 HeLenb.

Mpouecc peabuantaumm y nNauMeHToB, KoOTOpbIM Obin
BbINOSIHEH MHTPAMeYyNNAPHDBIA OCTEOCUHTES, MPOUCXOAUT NpoLLe,
YeMm Yy NaLMEeHTOB, KOTOPbIM Bbl/1 BbINOJHEH OCTEOCMHTE3 CNINLIAMM.
CrabunbHaa duKcauma npu octeocuHTese WTMdTamm nossonser
NPUCTYNUTb K peabunutaumm Ha 7-10 CyTKM, HauMHas C NAaCCUBHbIX
[OBWXKEHUN, aKTMBHble ABUMKEHWA HauuHaloT Ha 16-18 cytku. B
C/ly4ae BbINOJHEHWA OCTEOCMHTE3a Ccnuuamu  peabuautaumio
HauMHatoT Ha 19-21 cyTKM C NACCUBHbBIX ABWXKEHMWM, K aKTUBHbIM
OBUXKEHUAM NPUCTYNAIOT Ha 26-28 cyTKu.

second-stage procedure when converting to external fixation, either
after the removal of the external device or during a reoperation to
address a fracture nonunion [14, 15, 18].

According to a 2019 analysis by Woo SH, functional results
following transmetacarpal hand amputations are typically poorer
than with more distal amputations due to direct damage to the
interosseous and lumbrical muscles, often resulting in claw deformity.
The survival rate for segments at this level ranged from 67% to 100%.
Of the 12 articles analyzed, nine did not specify the osteosynthesis
method used, while three reported the use of wires [20].

CONCLUSION

Thus, both the intramedullary pin osteosynthesis used and
the K-wire osteosynthesis meet the criteria of speed and ease
of application. However, pin osteosynthesis provides complete
relative stability and, if necessary, dynamic compression between
the metacarpal bone fragments. This tactic ensures stable fixation,
allowing for early rehabilitation, and reduces the risk of secondary
displacement and fracture consolidation failure.

KEY CONSIDERATIONS

Intramedullary pin osteosynthesis is often the preferred
method for treating diaphyseal fractures of the metacarpal
bones, especially when there is significant soft-tissue damage. For
metaphyseal fractures, K-wire osteosynthesis is recommended.

Since K-wire osteosynthesis does not provide absolute stability,
it is essential to use an additional splint for at least 6 weeks during
the postoperative period. Although pin osteosynthesis offers
greater stability than K-wire osteosynthesis, the duration of split
immobilization depends on the condition of the surrounding tissues:
seven days for uninjured tendons, three weeks for flexor tendon
injuries, and six weeks for extensor tendon injuries.

The intramedullary nailing rehabilitation is generally more
straightforward than wire osteosynthesis. Stable pin osteosynthesis
rehabilitation begins with passive motion around 7-10 days and
active motion on days 16-18. K-wire osteosynthesis rehabilitation
begins with passive motion on days 19-21 and active motion on days
26-28.
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