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© Bei astopu, 2024 Pe3ynbTaTu. JlikyBaHHs NepcucTyovoro 60110 B KyKCi aHanbre-
- TUYHUMUK cepeaHuKamn He byno edekTuBHUM. IH'eKUIHI anko-
ronbHi AeHepBauii HEBPOM, Ki BUKOHaHIi y 69 (24,2%) nauieHTiB 6ynn edekTmBHi Nnpu 60/160B0MYy
CUHAPOMI IHTEHCMBHICTIO A0 6 6aniB 3a wkanoto DVPRS. Pesekuis HeBpoMn Byna edekTUBHOW Y
77% nauieHTiB, npoTe y 23% - 36epiranacb ceHcnTu3adis. MoBTOpHUIA 601bOBUI CUHAPOM 3 MEH-
LIOK iHTeHCMBHICTIO, criocTepirann y 30% nicnga pesekuii HEBpOMU, po34aB/itoBaHHS KYKCU HepBa
3aTMckaveM 3 AiaTepMoKoarysuiero Ta cnMpToBo 610Kkaaot. [JOMOBHEHHSA LMX XipypriyHMX ma-
HINYNsAWin NepeB’a3K0 KYKCU HepBa LLOBHMM MaTepiasnoM 3HMXYBano peunamsn HeBpoM 0 10%.
Harikpalyi pe3ynbtaTu XipypriyHoro sikyBaHHs HEBpOM 3 60/1b0BMM CMHAPOMOM 6 6aniB i 6inbLue 3a
wkanoto DVPRS oTpuManu nicng ix pesekuii i 3aCTocyBaHHS pereHepaTMBHOIO iHTepdeica nepude-
pinHoro Hepsa (RPNI) y 25 nauieHTiB. Y LUMX nauieHTiB NpoTarom 2 micauis nicna onepadii He 6yno
peumanBy 601b0BOro cuHapoMy. leTepoTonivyHa ocudikalis HavacTile BUHMKana y nocrpaxaja-
NNX 3 MiIHHO-BMOYXOBUMM NOPAHEHHSAMW B KyKCax Ha piBHI CTerHa yepes 2 — 6 MmicsAuiB nicns amny-
Tauii KIHUIBKKW, @ NiCns NpOCTOi pe3eKLUii 0cTeodiTiB BUHMKAB peunams. icns BUKOHAHHS Mioaesy y
18 nauieHTiB peumanBy reTepoToniyHoi ocmndikaLii He 6yno NpPoTAroM poOKy CNOCTEPEXEHb.

BUCHOBKM. Y BiliCbKOBOCNYX60BLUIB 3 pe3unayanbHMMK KiHLiBKaMWU HEBPOMU NepudepinHmnx Hep-
BiB i reTepoToniyHa ocudikaLia € OCHOBHUMU MpuyYMHaMn 601b0BOro CMHAPOMY B Mi3HbOMY Me-
pioai nicna amnyTauii. Hanbinbw epeKTMBHUM METOAOM XipypriyHOro slikyBaHHS HEBPOM B pe3un-
AyanbHiN KiHUIBLI € pe3ekuis HEBPOMW i pereHepaTuBHUI iHTepdelnc nepudepinHoro Hepea, a
Mioges nornepen)ye yTBOPEHHS retepoTonivyHoi ocmdikadii.
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Local complications of residual upper and
lower limbs in combatants
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Introduction. Contemporary combatlimb injury is characterized
by massive soft tissues and bone structures, which often
makes it impossible to save the injured extremity and need
for its amputation. However, a number of amputees have pain
syndrome in the residual limb and cannot use prostheses.

Objective. To analyze local complications, causes of residual
limb pain syndrome, and methods of their treatment.

Methods. We observed 285 combatants with residual limb
pain syndrome after its combat injury, of which 151 (53%)
had neuromas and 108 (38%) had heterotopic ossification and
osteophytes. All individuals were male. The average age was
36.13+8.64 years. The intensity of the pain syndrome according
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Results. Treatment of persistent pain in the stump with © All authors, 2024
analgesics was not effective. Denervation of neuromas using
alcohol injections, performed in 69 (24.2%) patients, was
effective in pain syndrome intensity up to 6 points on the DVPRS scale. Neuroma resection was
effective in 77% of patients, but sensitization persisted in 23%. Recurrent pain syndrome with
lower intensity was observed in 30% after neuroma resection, nerve stump compression with
cautery and alcohol blockade. Addition these procedures with the nerve stump suture, reduced
neuroma recurrences by up to 10%. The best results of surgical treatment of neuromas with
pain syndrome of 6 points and more on the DVPRS scale were obtained after their resection and
the use of regenerative peripheral nerve interface (RPNI) in 25 patients. These patients had no
recurrence of pain syndrome within 2 months after surgery. Heterotopic ossification most often
occurred in patients with mine-explosive injuries in the thigh stumps 2-6 months after limb
amputation and recurrence after simple resection of osteophytes. After performing myodesis in
18 patients there was no recurrence of heterotopic ossification within a year of observation.

Conclusions. Neuromas of peripheral nerves and heterotopic ossification are the main causes
of pain syndrome in late period after amputation in combatants with residual limbs. The most
effective methods of surgical treatment of neuromas in residual limbs is neuroma resection
and regenerative peripheral nerve interface. Myodesis prevents the formation of heterotopic
ossification.

Keywords: Limb amputation, peripheral nerve neuroma, heterotopic ossification, regenerative
peripheral nerve interface, myodesis.
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KnrouoBi cnoBa: amnyTauisa KiHLUiBKX, HEBpOMa nepudepinHoro Hepea, retepoToniyHa ocmudika-
uis, pereHepaTtMBHUA iHTepdelic nepudepinHoro Hepea, ocTeoMioes.

BcTtyn

JdecatnpiyHuin focBig BiiHM Ha TepuTopii YKpa-
THW [003BONKE NpoaHanizyBaTW NeBHi Hacniaku
60M0BOiI TpaBMM Yy BINCbKOBUX, 30KpeMa YylLu-
KOA)KeHb KiHLiBOK. B iHO3eMHil niTepaTtypi Ha-
BeAeHi AaHi nNpo nikyBaHHA 60MOBOI TpaBMu
KiHUiBOK Ta 6e3nocepeaHi i BigaaneHi ycknaa-
HEHHS 3a MaTepianamu BilHW B Ipaky i B Adra-
HiCTaHi, @ TaKoOX NiA Yac NIOKanbHUX BOEHHUX
KoHnikTiB. CydyacHa 60MoBa TpaBMa KiHUIBOK
€ 6inbLU TAXKKOI, XapaKTepU3YETbLCA MaCUBHU-
MW YLIKOAXKEHHAMU M AKUX TKAHWH i KiCTKOBUX
CTPYKTYp, WO 4acTo YHEMOXNuBAlE 36epe-
XXEHHS MOpaHEeHOi KiHUiBKN abo X BUHUKAOTb
FHIMHO-HEKPOTUYHI YCKTaAHEHHS, SKi € XUTTE-
BO Hebe3zneyHuMuM i noTpebyroTb amnyTauii [1].
Binbwicte amnyTauir npn 601MOBI TpaBMi KiH-
LiBOK BUKOHYETbCH B HEBIAKNAAHOMY MOPSAAKY
Ha ApYyromy piBHi HAAaHHA MeaUYHOI JoMoMOru
i HOCSATb XapakTep MepBUHHOI XipyprivyHoi 06-
pobku (aebpiameHT). OcTaTouHe hopMyBaHHS
KYKCW Y TaKMX Maui€HTIB i BIAHOBNEHHSA dDYHK-
Lii pe3nayanbHOi KiHUIBKM CTBOPHOE Heabuski
BUK/IMKM nepen Xipypramu, npote3ncramu i
peabinitonoramu.

Y 2016 R.A. Hyada et al. (2016) 6yB npoBene-
HUM aHani3 SKOCTi XUTTS BiMCbKOBOCY>X60BLiB
nicna TsHXXKKOi 60MOBOI TPAaBMM HMMKHIX KiHLIBOK
OTpUMaHoi Ha BiNHI B Ipaky i B AdraHicTtaHi,
SIKMM MOKa3aB Kpalli pe3ysibTaTn y TUX nopaHe-
HUX, AKi MasiM aMNyTOBaHI KiHLIBKU, HDXK Y TUX, B
AKNX KiHUiBKK 6ynu 36epexeHi [2]. MNpoTe, cnig
BpaxyBaTu, wo y 20-40% nocTpa)kaannx BUHWU-
KatoTb iHEKUiNHI yCKNaaHEeHHS B aMMyTaUiliHiln
KyKkci [3], a y 63-65% - retepoToniyHi ocndi-
Kauii [4, 5]. Pag amnyToBaHUX HE MOXYTb KOpU-
CTyBaTUCb NMpoTe3amu vyepes 60/1b0BUIA CUHOPOM
B pe3uayanbHin KiHuiBui [6], akuii M.H. Ebra-
himzadeh end S. Hariri (2009) cnocrtepirann y
42%, a H.E. Bourke et al (2011) -y 70% [7,
8]. BnacHe 601b0BUIA CUHAPOM 3HAYHO 3HUXYE
AKICTb XUTTSA 6araTboX NopaHeHMX BiINCbKOBOC-
ny»x60BLiB 3 aMnyToBaHMMKU KiHuiBKamu. E.E.
Low et all (2017) npoaHanizyBann 2879 nauieH-
TiB, AKi Manu amnyTauii HMXXHIX KiHLUIBOK nicns
TPaBMaTUYHUX YLUKOAXKEHb i BUSBUIM BMCOKMUIA
piBeHb ycknagHeHb, a 41,8% 3 HUX MNOBUHHI
6ynn nNporTM NpUHANMHI OAHY MOBTOPHY peBi-
3iHy amnyTauito [9].
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Hanbinbw 4yacTtoo nNpuyMHOO 60/1bOBOIO CUH-
APOMY € HEBPOMU MaricTpaabHUX YW MOBepX-
HEBMX HEpPBIB B pe3uayanbHilii KiHuiBui. OAns
3MeHLWeHHs 6onboBoro cmHapomy S.C. Linton
et al. (2024) pekoMeHAYOTb BUKOHYBATW iH-
TpaonepauiriHy Kpioabnauito, ska MNOBMHHA
3abe3neunTun edekTnBHE 3HeboneHHsa [10].

MaTepian Ta meToam

Mg HaWwnM cnocTtepeXXeHHSAM 3Haxoaunocb 285
BiICbKOBOC/Y>X60BLIB i3 aMnyTOBaHO HUX-
HbOI ab0 BEpXHbO KiHLIBKOW nicis 601MoBoro
il yLuKoAXXeHHS i 3 601b0BMM CUHAPOMOM B KYKCi
KiHLIBKMK, SIKi NiKkyBanncb Bnpoaosx 2022-2023
pokiB. lMauieHTn, AKi ManmM He3Ha4yHui 6inb B
pe3uayanbHii KiHUIBLI, @ TaKoX i30/1bOBaHNI
aHTOMHWI 6inb Ta HPaHTOMHI BiguyTTa y BUGIp-
Ky He 6ynu Bk/o4veHi. Beci 6ynm ocobammn yono-
Bivoi ctaTi. CepeaHin Bik ctaHoBUB 36,13+8,64
pokiB. AMnyTauil Ha PiBHI HWXHBLOI TPETUHM
rominkn mMann 9 (3,2%), cepeaHboi TPETUHU
rominkn - 57 (20,3%), BepxHbOi TPETUHW O-
Minkn — 42 (14,8%), HMXKXHBLOI TPETUHW CTer-
Ha - 28 (9,3%), cepeaHbOI TPETUHW CTErHa -
55 (19,3%), BepxHbOi TpeTuHu crterHa - 15
(5,3%), exzaptukynsauii — 1 (0,4%). AmnyTauii
Ha pPiBHI HMXXHbBOI TPETUHU Mepeansiivydysa Maau
3 (1%), cepenHbOi TpeTuHU Nepeannivug — 10
(3,5%), BEpXHbOI TPETMHM Nepeanniyus — 13
(4,6%), HMXKHBLOI TPETMHM NNneda - 23 (8,2%),
cepenHboi TpeTuHu niedva — 15 (5,3%), Bepx-
HbOi TpeTuHW nneva - 4 (1,4%), ek3apTuKy-
nauii nnevosoro cyrnoba - 3 (1%). AmnyTa-
Lii Ha pi3HMX piBHAX cTonu 6ynn y 7 nauieHTiB
(2,5%). Y 10 nauieHTiB (3,5%) 6ynn amnyto-
BaHi ABi HWXHI KiHUiBKM, 4 nauieHTn (1.4%)
Mann BiACYTHICTb 060X BEpXHiX KiHUiBOK. Y 13
nauieHTie (4.6%) 6ynu MicueBi ycknagHeHHS
aMnyTauinHMX KYKC 3 O3HaKaMu iHDiKyBaHHS.
YHEMOXMBAIOBANN MNPOTE3yBaHHA XMOHI KyK-
cn -y 12 (4,2%), HAANULLOK M'AKUX TKAHUH —
y 6 (2,1%), He3py4yHMA AN npoTe3yBaHHSA
piBeHb amnyTauii — y 48 (16,8%), rnnboka iH-
dekuisa i Bupaska kykem — y 2 (0,7%), HeBpo-
Mn -y 151 (53%), retepotonivyHa ocudikauis
Ta ocreoditn — 108 (38%).

Pesynbtath Ta ix 06roBopeHHs
MpununHoo 60/1bO0BOr0 CUHAPOMY B paHHbLOMY
nepioai nicnsa amnyTauii KiHuiBkn 6yB Habpsak
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Introduction

The ten-year experience of the war in Ukraine
allows us to analyze certain consequences of
combat trauma in the military, particularly
limb injuries. Literature provides data on the
treatment of combat limb trauma and imme-
diate and late complications based on the ma-
terials of the war in Iraq and Afghanistan, as
well as during local military conflicts. Modern
combat limb trauma is more severe, charac-
terized by massive soft tissue and bone inju-
ries, which often makes it impossible to save
the injured limb or purulent-necrotic compli-
cations occur, which are life-threatening and
require amputation [1]. The majority limb
amputations in the cases of combat injuries
are performed urgently at the second role of
medical care and are of the primary debride-
ment nature. The final formation of the stump
in such patients and the restoration of residual
limb function create significant challenges to
surgeons, prosthetists and rehabilitation spe-
cialists.

In 2016, R.A. Hyada et al. (2016) analyzed
a quality of life of combatants after severe
combat trauma of the lower extremitiens
sustained in the Iraq and Afghanistan, which
showed better outcomes in those injured who
had limbs amputated than those in whom the
limbs were preserved [2]. However, it should
be noted that 20-40% of the injured have
infectious complications in the amputation
stump [3], and 63-65% have heterotopic os-
sifications [4, 5]. Some amputees cannot use
prostheses due to residual limb pain syndrome
[6], which M.H. Ebrahimzadeh and S. Hariri
(2009) observed in 42%, and H.E. Bourke et
al. (2011) observed in 70% [7, 8]. Residual
limb pain syndrome significantly reduces the
quality of life for many wounded combatants
with amputated limbs. E.E. Low et al. (2017)
analyzed 2879 patients who underwent lower
limb amputations after traumatic injuries and
found a high rate of complications, and 41.8%
of them requiring at least one revision ampu-
tation [9].

The most common cause of pain syndrome is
neuromas of major or superficial nerves in the
residual limb. To reduce pain syndrome, S.C.
Linton et al. (2024) recommend performing
intraoperative cryoablation, which should pro-
vide effective analgesia [10].
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Materials and Methods

Our study included 285 servicemen with am-
putated upper or lower limb after combat in-
jury and with residual limb pain syndrome,
who were treated during 2022-2023 years.
Patients, who had minor pain in the residu-
al limb, as well as isolated phantom pain and
phantom sensations, were not included in the
sample. All patients were male. The average
age was 36.13+8.64 years.

There were 9 (3.2%) lower leg amputations,
57 (20.3%) middle leg amputations, 42
(14.8%) upper leg amputations, 28 (9.3%)
lower thigh amputations, 55 (19.3%) middle
thigh amputations, 15 (5.3%) upper thigh
amputations and 1 (0.4%) - disarticulation.
Amputations at various levels of the forearm
included 3 (1%) at the lower third, 10 (3.5%)
at the middle third, 13 (4.6%) at the upper
third, 23 (8.2%) at the lower third of the arm,
15 (5.3%) at the middle third of the arm, 4
(1.4%) at the upper third of the arm, and 3
(1%) shoulder disarticulations. Amputations
at different levels of the foot were observed
in 7 patients (2.5%). Ten patients (3.5%) had
two lower limbs amputated, 4 patients (1.4%)
had bilateral upper limbs missing. 13 patients
(4.6%) had local complications of amputation
stumps with signs of infection. False stumps
made prosthetics impossible in 12 (4.2%), ex-
cess soft tissue - in 6 (2.1%), inconvenient
amputation level - in 48 (16.8%), deep in-
fection and stump ulcer - in 2 (0.7%), neuro-
mas - in 151 (53%), heterotopic ossification
and osteophytes - in 108 (38%).

Results and Discussion

This section may be divided by subheadings.
It should provide a concise and precise de-
scription of the experimental results, their in-
terpretation, as well as the experimental con-
clusions that can be drawn.

The cause of the pain syndrome in the early
period after limb amputation was stump swell-
ing, local infectious complications and soft tis-
sue necrosis. These complications occurred
more frequently in individuals who had neuro-
vascular injuries and compartment syndrome,
which correlates with studies by E.E. Low et
al. (2017), who observed local stump com-
plications three times more often in patients
with compartment syndrome [9]. Therapeu-
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KyKCK, MicueBi iHDeKUiHI YCKNaAHeHHS i He-
Kpo3 M’'IKUX TKaHWH. Lli ycknagHeHHS 4yacTi-
e BMHWKANW y nocTpaxaanux, B akux 6ynu
HEMPOBACKYNATOPHI YLIKOAXEHHS | KOMNapT-
MEHT-CMHAPOM, LLO KOPESE i3 AOCNIAXKEHHS-
mn E.E. Low et all (2017), ski cnocTtepiranu
MicLeBi YCKNaAHEHHS KyKC B 3 pa3n vacTtiwe y
NawuieHTIB 3 KOMMNAapPTMEHT-cMHAPOMOM [9]. Te-
paneBTUYHI npouenypu, XipypriyHe i Mmeanka-
MEHTO3He JNiKyBaHHSA Yy TakMX NauieHTiB 6yno
eeKTUBHUM.

KoMnnekcHoro nikyBaHHA y daxiBuiB pi3HUX
cneuianbHoCTen noTtpebyBanu NauieHTU 3 Ni3-
HiMWU MicLEeBUMUN YCKNAAHEHHAMU, AKi Cynpo-
BOAXYyBanucb 601b0BUM CUHAPOMOM | YHe-
MOXXJIMB/OBANIM KOPUCTYBaHHA MNpoTe3oM, a
caMe HeBpOMM i reTepoTonivyHa ocudikauis.

OKpiM 3aranbHOro KiiHIYHOro O6CTEeXEeHHS,
ouiHKy 601b0BOr0 CUMHAPOMY MPOBOAMAN 3a
wkanoto The Defense and Veterans Pain Rating
Scale (DVPRS), sika 6yna crtBopeHa y 2010
poui 419 OUiIHKW iIHTEHCUBHOCTI rOCTPOro i Xpo-
HiYHOro 60nt0 cepef NOpaHeHUX BINCbKOBOC-
ny>x60BUiB Ta BETEPAHIB | BUKOPUCTOBYETLCS B
NiKapHsX YnpasniHHA OXOPOHM 340p0B’S BeTe-
paHis CLUA [11]. La wkana Bkoyae 6a3oBuii
KONTbOPOBUM KOA, OLiHKY Bi3yaslbHOro BMpasy
0611MY4s | CNOBECHMX AECKPUNTOPIB. 3eneHun
Konip o3Hauya€e nerkuin 6inb 3a wkanotw Big 0
00 4, XOBTUI — NoMipHuiA 6inb 3a WKanow Big
500 6, @ 4epBOHUI — CUSIbHUI Biflb 3@ WKaNow
Bia 7 no 10. [lonoBH€E 6a30BUIA KONbOPOBUIA
kog 6anbHa WKana CNOBECHUX AECKPUNTOPIB:
0 - HeMmaEe 6onto, 1 — He3HauHwui 6inb, 2 — 6inb,
KM He BigBONiKae, 3 — AeLlo BiaBONiKat4nin
6inb, 4 - BigBONiKatOuUMM 6iNb, AKMIN He BNAU-
BA€ Ha HOPManbHY AiSNbHICTb, 5 — 6inb nepe-
puBa€ aesiki Aii, 6 — Baxko irHopysaTtu 6inb
nig 4ac NoBCSAKAEHHOI aisnbHOCTi, 7 — 6inb €
OCHOBHMM LIEHTPOM YyBaru, 3aBaxae€ LWOAEHHIN
AisanbHOCTI, 8 — cUNbHUI 6inb, BaXKO LLO-He-
6yab 3pobutn, 9 - HectepnHuin 6inb, Hi4oro
He MOoXy 3pobuTtun, 10 — HecTepnHuii 6inb, yce
iHLWe He Ma€E 3Ha4yeHHH.

IHTeHcuBHiICTL 6010 B aMNyTOBaHIN KiHUiBLi
3a wkanoto DVPRS y Hawwux nauieHTiB byna
Bia 4 no 10 6ani..

Y 101 nauieHTta (36,4%) nauieHTa crnocTepi-
raBcs comaTu4yHui 6inb B Kykci, 114 (41,1%)
nauieHTiB Mann HerponaTuyHuii 6inb B pesn-
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AyanbHil KiHUiBUi. XapakTep HENpPONATUYHOIO
601b0BOr0 CMHAPOMY BCTaHOBJIOBANW 3a pe-
3yfnbTaTaMm HEBPONOTiYHOro obcTexeHHs. Y
63 (22,5%) nauieHTiB 601b0BUI CMHAPOM 6YB
BUK/IMK@HUI | COMAaTUYHUMU, | HEMpONATUYHK-
Mn npuunHamm (Puc. 1).

MoggHaHHA NPUYMH

22,5%

HenponaTuiHWiA Binb
41.1%

36,4%

ComatiuHui Binb
36,4%

PucyHok 1. CTpykTypa xapaktepy 60/1b0BMX CUHAPOMIB B
pe3uayanbHin KiHuiBLi cepea BiNCbKOBOCNYX60BLUiB nicns
amnyTauii

YnbTpa3ByKoBe A0CNIAXKEHHS KyKcu 6yno oc-
HOBHMM MeTOAOM AiarHOCTUKM | nokanilzauii
TepMiHanbHUX HEBPOM NepudepinHnxX HepBeis,
BiJHOLIEHHS X A0 M'AKUX TKAHUH i KiCTKOBUX
CTPYKTYp, BTArHEHHS B pybueBi TKaHWHMY,
HasBHICTb 3anasbHUX 3MiH. PeHTreHorpadis
KYKCU [03BONMNA BUABUTU OCTeodiTn, rete-
pOTOMiYHY ocudikauito, BEMUYMHY HaAJNLIKY
UM HecCcTayy M’'aKMX TKaHWH, AiarHocTyBaTwu
XUBHY KYKCY.

NlikyBaHHa nepcuctyrodoro 60710 B KYKCi
aHaNbreTM4YHUMM cepesHukamm He 6yno edek-
TUBHUM. Lle cTBOpMIO NepeayMoBM NOLLYKY iH-
LWNX CTpaTerin NikyBaHHS.

IH’ekuiNHI ankoronbHi AeHepBaLii HeBpoM BU-
KOHaHi y 69 (24,2%) nauieHTiB, 3 aKnux y 43 -
3a NepBMHHUMU MOKa3aHHAMKU, a y 26 — 3 npu-
BOoAYy peumnanBy 6o0st0 nicnsa pesekuii HEBPOM.
MOBTOPHY NiAOKaiH-aNKOronbHy iH'eKUit0 Npu
6onouMx HEBpOMax BWKOHaNW y 6 nauieHTiB
(8,7%). CnnpT BUKIMKAB XiMIYHWI HEBPONI3
BHacnigok Bannepiscbkoi aereHepadii i npu-
rHiyyBaB HeMpoTpaHCMicito. Yepes 3-6 micsauis
nicns NigokKaiH-ankKoronbHUX iH'EKLIN Henpo-
NaTUYHUIA 6iNb B KYyKCi 6YB 3HAUHO HMKYUIA.
Mpote npu cunbHOMY 601bOBOMY CUHAPOMI,
6inbwe 6 6aniB 3a wkanot DVPRS, iH'ekUilHi
MEeTOAMKM He gornoMarasnu.
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tic procedures, surgical and drug treatment in
such cases was effective.

Neuromas and heterotopic ossification were
the main causes of late local complications,
which were accompanied by a pain syndrome
and made it impossible to use prosthesis.

In addition to a general clinical examination,
the pain syndrome was assessed using The De-
fense and Veterans Pain Rating Scale (DVPRS),
which was created in 2010 to assess the inten-
sity of acute and chronic pain among wounded
military personnel and veterans and is used in
hospitals of the Veterans Health Administra-
tion USA [11]. This scale includes a basic color
code, visual facial expression assessment, and
verbal descriptors. Green indicates mild pain
on a scale of 0 to 4, yellow indicates moderate
pain on a scale of 5 to 6, and red indicates se-
vere pain on a scale of 7 to 10. The basic color
code is supplemented by a verbal descriptor
scale: 0 - no pain, 1 - hardly notice pain, 2 -
notice pain does not interfere with activities,
3 - sometimes distracts pain, 4 - distracts me
pain, can do usual activities, 5 - pain interrupts
some activities, 6 - hard to ignore avoid usual
activities, 7 - pain is the main focus of atten-
tion, prevents doing daily activities, 8 — awful
pain, difficult to do anything, 9 - cannot bear
the pain, unable to do anything, 10 - as bad as
it could be, nothing else matters.

The intensity of pain in the amputated limb
according to the DVPRS scale in our patients
was from 4 to 10 points.

101 patients (36.4%) had somatic pain in the
stump, 114 patients (41.1%) - had neuro-
pathic pain in the residual limb. The nature
of neuropathic pain syndrome was determined
based on the results of neurological examina-
tion. In 63 (22.5%) patients, the pain syn-
drome was caused by both somatic and neu-
ropathic reasons. (Fig. 1).

Ultrasonography of the residual limb was the
main diagnostic method for localization of pe-
ripheral nerves terminal neuromas, assessing
their relation to soft tissues and bone struc-
tures, involvement in scar tissue, and pres-
ence of inflammatory changes. X-ray exam-
ination of the residual limb allowed for the
detection of osteophytes, heterotopic ossifi-
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cation, the amount of excess or deficiency of
soft tissues and to diagnose of a residual limb
deformity.

Combination of causes

22,5%

Neuropathic pain

36,4%

Somatic pain

Figure 1. The pain syndromes structure in the residual
limb among combatants after amputation

Treatment of persistent pain in the residual
limb with analgesics was not effective. This
created the conditions for search other treat-
ment strategies.

Denervation of neuromas using alcohol injec-
tions were performed in 69 patients (24.2%),
of which 43 performed for primary indications
and 26 had recurrent pain after neuroma re-
section. Repeated lidocaine-alcohol injections
for painful neuromas were performed in 6 pa-
tients (8.7%). Alcohol induced chemical neu-
rolysis due to Wallerian degeneration and in-
hibited neurotransmission. Three to six months
after lidocaine-alcohol injections, neuropathic
pain in the residual limb was significantly low-
er. However, for severe pain syndrome, more
than 6 points on the DVPRS scale, injection
techniques were not effective.

Primary resections of terminal neuromas were
performed in 82 patients. From 1 to 4 terminal
neuromas of peripheral nerves were removed
from each of them (Fig. 2).

Regardless of the resection technique, 77%
of patients noted a reduction in pain sensa-
tions and improvement in quality of life after
surgery. However, persistence of sensitization
was observed in 23% of cases.

In 27 patients after resection of neuroma, the
stump of the nerve was crushed with a clamp,
cautery and alcohol block were performed.
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[MepBWHHI pe3ekuii TepMiHaZbHUX HEBPOM BU-
KOHaHO Yy 82 nauieHTiB. Y KOXHOMo 3 HUX BU-
pganunu Bia 1 Ao 4 TepMiHa/ibHUX HEBPOM
pudepinHnx Hepsis (Puc. 2).

ne-

PucyHok 2. BuganeHi HeBpoMu nepudepiinHmx HepBsiB
pe3nayanbHUX KiHUIBOK

HesanexHo Big MeToAMKWU pe3ekuii, 77% na-
LUieEHTIB nicna onepadii Big3HAUYNAU 3HUXEHHS
601b0OBUX BIAYYTTIB | MOKPALLEHHS SKOCTI XUT-
T8. MNpoTe 36epexeHHs ceHcMTU3auii cnocrepi-
ranny 23% Bunagkis.

Y 27 nauieHTiB nicnsa pesekuii HEBPOMU KyK-
Cy HepBa poO34aBJOBanM 3aTUCKayem, npo-
BOAMNW Ti AiaTepMoKoarynsuito Ta CnupToBy
6nokagy. 3 Hux y 8 (30%) - cnocrepiranmu
NOBTOPHUI PO3BUTOK BONOUNX TEPMiHANbHUX
HEBPOM 3 iIHTEHCUBHICTIO 60110 MeHLwe 6 6anis
3a wkanoto DVPRS. Uum nauieHTam B noaanb-
womy 6yna BMKOHaHa afnKorosbHa AeHepBa-
uis nig Y34-koHTponeM 3 A06pUM KIIiHIYHUM
edeKToM.

Y 30 nauieHTiB nicnsa pesekuii HEBPOMU KYKCY
HepBa po34aB/tOBasn 3aTUCKAYeM, MPOBOANIN
il giaTepmokoarynsuito, cnupTtoBy 6nokaay Ta
nepes’sa3yBanu LWOBHUM MaTepianoM. Y Ui rpy-
ni NOBTOpPHiI 6onto4i TepMiHasbHi HEBPOMU 3 iH-
TEHCMBHICTIO 60110 MeHLe 6 6aniB 3a LKanow
DVPRS BuHukAn y 3 (10%), sikuMm B noganb-
oMYy rnpoBefeHa ankorofibHa AeHepsauid nig
Y3[-KoHTponem.

Halkpalui pesynbtati XipypriyHoro nikyBaHHS
HEBPOM OTPUManM Mpwu 3aCTOCYBaHHI pereHe-
paTUBHOro iHTepdelica nepudepinHoro Hepsa
(RPNI) y 25 nauieHTiB i3 TepMiHanbHMMK HEBPO-
mMamu i 6onboBUM cMHApOMOM 6 6anis i binblie
3a wkanoto DVPRS. TexHika onepadii nondrana
y pes3ekuii HEBPOMU i 3aHYypeHHi nepeciyeHoro
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HepBa B ayTONOriYHWIA BiflbHUI M'930BUI Kna-
note (Puc. 3).

PucyHok 3. PereHepatnBHUI iHTepdelic nepudepiiHoro
Hepsa (RPNI) nicns pesekuii HeBpoMu

Llen meTon 6yB po3pobrieHn KONEKTUBOM Xi-
pyprie MidiraHcbkoro YHiBepcutety B 2016-
2021 pokax ans amnnidikauii nepegadi Hep-
BOBOIr0O CWUrHasy 3 amnyToBaHOl KiHUIBKM A0
HeliponpoTe3y. BiH Takox nNposiBMB edeKTuB-
HICTb B rnonepeaxXeHHi yTBOPEHHA BTOPUHHUX
6onicHMx HeBpOM KyKcu KiHUiBKKU. CnocTepe-
XXEHH4A 3@ HaWMMKM NauieHTaMn NpoTAroM 2 Mi-
cauis nicna onepauii He BUABUAU peunauBy
601b0BOro CMHAPOMY.

FeTepoToniyHa ocudikauis — Ue po3poCTaHHS
i OKOCTEHIHHA Me3eHXiManbHUX K/ITUH 3 KiCT-
KOBOro MO3KY, SKi MOLMPIOTLCS B M'SAKUX
TKaHMHax Nobmn3y OKiCTa HAaBKOAO aMnyToBa-
Hoi KicTkmn [12, 13]. MexaHi3M reTepoToniyHoi
ocudikauii ocTaToyHo He 3'sicoBaHui. Bipo-
MO, WO CrApusTb reTepoToniyHi ocmdikauii
MACUBHI YLWKOOXEHHS M'SKMX TKaHWH, ileMis
M’A3iB, KiCTKOBi y/naMKu, AeBiTanizoBaHi Tka-
HWHM, remaTtoMma, iHdekuia [14]. Mitchell EJ et
al (2010) BBaxatTb, WO Ha PO3BUTOK reTe-
poTOMiYHOI ocudikaLii MatoTb BMANB reHEeTUYHI
UMHHKUKK [15].

Pusnk yTBOpEHHS reTepoToniyHoi ocudikauii
B pe3nayanbHili KiHUiBUi Y HawWxX NauieHTIB
3anexas Bif MexaHiamy 60MoBOi TpaBMu i Big
piBHA amnyTauii. HanhuacTiwe retepoToniy-
Ha ocudikauia po3BmBanacb Yy MnocTpaxaa-
AnX nicnsg MiHHO-BMOYXOBOrO MOPaHEHHS i B
KyKCax Ha piBHi cTerHa. TepMiHM YyTBOpPEHHSA
LbOro yCK/agHeHHs, 3 AKMUM 3BepTasinCb aM-
NyTOBaHi, CTaHOBMAM Bi4 2 A0 6 MicauiB nicng
amnyTauii KiHuiBku (Puc. 4).
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Among them, in 8 (30%), a recurrence of
painful terminal neuromas was observed with
a pain intensity of less than 6 points on the
DVPRS scale. These patients subsequently un-
derwent alcohol denervation under ultrasound
control with good clinical effect.

Figure 2. Removed neuromas of the peripheral nerves in
residual limbs

In 30 patients after neuroma resection, the
nerve stump was crushed with a clamp, cau-
tery, alcohol block, and nerve suture were
performed. In this group, recurrent painful
terminal neuromas with pain intensity less
than 6 points on the DVPRS scale occurred in
3 (10%) cases, for whom subsequent alco-
hol denervation under ultrasound control was
performed.

The best results of surgical treatment of neu-
romas were obtained with the use of regener-
ative peripheral nerve interface (RPNI) in 25
patients with terminal neuromas and a pain
syndrome of 6 points or more on the DVPRS
scale.

The surgical technique involved neuroma resec-
tion and the immersion of the transected nerve
in the autologous free muscle flap. (Fig. 3).

This method was developed by a team of sur-
geons at the University of Michigan between
in 2016-2021 to enhance the transmission of
nerve signals from an amputated limb to a
neuroprosthesis. It has also shown effective-
ness in preventing the formation of secondary
painful neuromas at the residual limb. Obser-
vation of our patients for 2 months after the
surgery did not reveal a recurrence of the pain
syndrome.
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Figure 3. Regenerative Peripheral Nerve Interface (RPNI)
after neuroma resection

Heterotopic ossification is the growth and ossifi-
cation of mesenchymal cells from the bone mar-
row, which spread into soft tissues near perios-
teum around the amputated bone [12, 13].

The mechanism of heterotopic ossification is
not been fully elucidated. Massive soft tissue
damage, muscle ischemia, bone fragments,
devitalized tissues, hematoma and infection
are known to contribute to heterotopic ossi-
fication [14]. Mitchell EJ et al (2010) suggest
that genetic factors influence the development
of heterotopic ossification [15].

The risk of heterotopic ossification formation
in the residual limb in our patients depended
on the mechanism of combat trauma and the
level of amputation. Most often, heterotop-
ic ossification developed in individuals after
mine-explosive injury and in residual limbs at
the hip level.

The timing of the development of this com-
plication, with which amputees applied, was
from 2 to 6 months after limb amputation

(Fig. 4).

We did not find a dependence between the
development of heterotopic ossification and
the number of surgical interventions in the
wounded, but all these patients had severe
and massive tissue damage in the amputated
limb. A possible favorable factor in the de-
velopment of heterotopic ossification may be
multiple surgical procedures and long-term
wound treatment with negative pressure
therapy.
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PucyHok 4. leTepoToniyHa ocudikauisi KyKCu CTerHoBoi
KiCTKM

Mu He 3HaNLWIN 3anexHOCTi pO3BUTKY reTepo-
TONiYHiM ocudikauii BiA KiNbKOCTI XipypriyHnx
BTPy4YaHb Yy NOPAHEHOro, ajsie y BCiX UMX naui-
€EHTIB 6YNM TAXKKI | MACUBHI YLIKOAXKEHHS TKa-
HWH B aMMyTOBaHiN KiHUiBUi. MOXMBMM Ccnpu-
ATIVBUM YMHHWUKOM PO3BUTKY reTepoToniyHol
ocudikauii € umcenbHi XipypridyHi o6pobku i
TpuBane NikyBaHHA paHW Teparni€ HeraTus-
HWUM TUCKOM. [1poTe Ui MeToam 3aCTOCOBYBaIu
NpU 3HAYHUX YLWKOOXKEHHAX TKaHWH Yy rnopa-
HEHOro i ycknagHeHOMYy nepebiry paHoBOro
npouecy, Wo Moxe 6yT OCHOBHOI MPUYUHOLIO
pO3BUTKY reTepoToniyHoi ocudikauii.

leTepoToniyHa ocudikauisa Buknankana 60nbo-
BWUIA CUMHAPOM i HEMOXJIMBICTb KOPUCTYBaTUCb
npoTtesoM. TpaauuUiMHMM MEeTOAOM NiKyBaHHS
LbOro yckjagHeHHs 6yno BuAaneHHs KiCTKo-
BMX PO3POCTaHb, Tepanisg HectepoigHUMKU Mpo-
TU3anajabHUMW NpernapaTtamMu i peHTreHTepanis.
MpoTe y 8 nauieHTiB Nicnsg BUAANEHHS OCTEO-
¢iTiB HacTynMB peuuamB reTepoTonivyHOl OCU-
dikauii, wo notpebyBano NOBTOPHOI onepadlii.

3MEHLWNTN PU3UKM FeTepOTONiYHOI ocudikawii
[O3BOJIAE peTefibHE 3a0KPYr/IeHHA CTerHo-
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BOi KiCTKW, MiHiManbHa TpaBMaTu3aUis M aKuUX
TK@HWH i YHUKHEHHSA remaToMm Ta npodinaktun-
Ka iHQikyBaHHSA paHu [16]. MNepcnekTUBHMM
MeToAoM MpodiNakTUKM reTepoToniyHoi ocu-
dikauii nicna TpaHcdemopanbHOi aMnyTauii €
BUKOHaHHA Miogesy (Puc. 5).

MeToamka nonsara€e y UMPKYASpHin dikcauii
NpMBIAHOIO M’'A3a CTerHa A0 KYKCWU CTerHoBoi

PucyHok 5. Mioges nicnis BuaaneHHs KiCTKOBMX pPO3POCTaHb
y nauieHTa 3 TpaHcheMopanbHO aMnyTaLi€lo cTerHa



Mpaui HTL MeanyHi Haykun
2024, Tom 73, N® 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci
ISSN 2708-8642 (online)

WWW.MSpPSSs.org.ua
2024, Vol. 73, 1

OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn

Figure 4. Heterotopic ossification of the femoral stump

However, these methods were used in cases of
significant tissue damage in the wounded and
complicated wound healing, which may be the
main reason for the development of hetero-
topic ossification.

Heterotopic ossification caused pain syndrome
and the inability to use a prosthesis. The tradi-
tional method of treating of this complication
was the removal of bony growths, therapy
with non-steroidal anti-inflammatory drugs,
and X-ray therapy. However, in 8 patients,
after the removal of osteophytes, recurrence
of heterotopic ossification occurred, which re-
quired repeated surgery.

The risks of heterotopic ossification can be
reduce by careful rounding of the femur,
minimal soft tissues traumatization, avoid-
ing hematomas, and prevention of wound
infection [16].

A promising method for preventing heterotop-
ic ossification after transfemoral amputation is
myodesis (Fig. 5).
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Figure 5. Myodesis after removal of bony growths in a
patient with transfemoral hip amputation

The technique involves circular thigh adduc-
tor muscle fixation to the femoral stump, us-
ing transosseous sutures with immersion of
the muscle into the bone marrow canal. This
prevents excessive hip abduction and flexion
by the abductor muscles, creates a dynamic
muscle balance, and improves prosthesis fit
and function. Observations of our 18 patients
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KICTKW 4epe3KiCTKOBUMU LWBaMU i3 3aHypeH-
HAM M’'fi3a B KICTKOBO-MO3KOBWUI KaHan. Le
rnonepeaxye HaaMipHe BiagBeAeHHSA | 3rMHaHHS
CTerHa BigBIAHMMW M’'S3aMu, CTBOPIOE AMHa-
MiYHMIM M'930BMI BanaHC i NOKpaLlyE NpUCTO-
CyBaHHS Ta yHKUil0 npoTe3a. CrnocrepexeH-
HS 3@ HawuMK 18 nauieHTamMu NpPoOTSAroM poKy
rnokasanu, Wwo nicng miogesy rerepoToniyHol
ocudikauii y HMX He 6yno.

Y BUCHOBKax: npuynHamm 601b0B0r0 CUHAPOMY
B paHHbOMY nepioai nicsg aMnyTauii KiHLIBKKY €
HabpsaK Kykcu, MicueBi iHDeKUinHI ycknagHeH-

Original research: Clinical sciences

HS | HEKPO3U M'AKNX TKaHWH, siKi edeKTUBHO ni-
KYHOTbCA XipypriyHMMW MeToAaMU B KOMMJIEKCI
3 TepaneBTUYHUMMK MpoLesypamMu i MeanKaMeH-
Tamn. Halbinblw edekTMBHUM METOoAOM Xipyp-
rYHOro slikyBaHHA CUMATOMAaTUYHUX 60MiCHUX
TepMiHafnbHUX HEBPOM € pereHepaTUBHWUMN iH-
Tepdenc nepudepinHoro Hepsa. lMepcnekTmns-
HMM MeToAOM MpOdINaKTUKMU reTepoToniyYHOI
ocudikauii i i peunamsis nicna TpaHcdemo-
panbHOI amnyTauii € BUKOHAHHA Mioaesy.
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for a year showed that they did not have het-
erotopic ossification after myodesis.

In conclusions: The causes of pain syndrome in
the early period after limb amputation are
stump swelling, local infectious complications
and necrosis of soft tissues, which are effec-
tively treated by surgical methods in combi-
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nation with therapeutic procedures and med-
ications. The most effective surgical procedure for
treating symptomatic painful terminal neuromas is
the regenerative peripheral nerve interface. Myod-
esis is a promising method of heterotopic os-
sification prevention and its recurrence after
transfemoral amputation.
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