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Pe3ynbTratn. Lle nocnigxeHHs
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MoBTOpHI XipyprivyHi BTpy4YaHHSs 3 npuBoAy
TepMiHaIbHUX HEBPOM aMNyTaLUiMHNX KYKC
nicns BMbyxoBmux nopaHeHb

AHppin Hetntox!, 3axap MNnaxtupp!-?

1/IbBiBCbKMY HaALiOHa/IbHUM MEANYHNI YHIBEPCUTET
imeHi flannna anvybkoro, JlbBiB, YkpaiHa
2BjricbKOBO-MEANYHMNI KJTIHIYHUI LIEHTP

3axiaHoro perioHy (BMKLY 3P), /lbBiB, YKpaiHa

AKTyanbHicTb. HeliponaTuyHuii noctamnyTauiiHMi 6inb Kyk-
CW, CMPUYMHEHUN TEPMiHANbHUMU HEBPOMaMU, € BENIMKOIO MpPo-
6nemo0 Ang nopaHeHMx 3 amnyTtauiaMu. TpaauuinHi meToau
XipypridyHOro nikyBaHHsa 60/iCHUX HEBPOM, iMOBIpHO, He 3a-
nobiratoTb IXHbOMY MOBTOPHOMY (POPMYBaHHIO, WO 3YMOBJIOE
BWUCOKMI piBEHb MOBTOPHWUX OMEpaTMBHUX BTPY4YaHb. ToAi SK
MOBTOPHI onepauil Ha KyKCi MOXYTb 3HAUYHO BiATEPMIHOBYBATH
npoTe3yBaHHsA Ta peabiniTauito TakMX NavuieHTIB.

MeTa. Jocniagutv Bunagkn peumamsis CUMNTOMHUX TePMiHaNb-
HUX HEBPOM cepej, BiNCbKOBOCAYX60BLUIB Nicis TpaBMaTUYHOI
amnyTauii BHacnigok BMbyxXoBux nopaHeHs.

Martepianu i metogm. Lle kniHiYHE NpocneKkTUBHE AOCAIAXEH-
HA. 3a4ns OUiHKM MOBTOPHWUX XipypridHMX BTpy4YaHb 3 MpuBoOAYy
peuuanBy CUMMNTOMHUX TEPMiHaNIbHMX HEBPOM ObCTexeHi Tpua-
USTb 4YOTMpPWU BiNcbkoBoCNyx60BUi. [Jo OCTaToO4YHOro aHanisy
6ynu 3anyyeHi BiCiM NauieHTIB i3 peunamBOM HeMponaTUYHOro
nocramnyTauinHoro 60n10 KykCu nicns pesekuii HeBpoM. Linm
nauieHTaM nposefeHe MOBTOPHE OrMepaTMBHE BTPYYAHHA 3 BU-
AaneHHs TepMiHaNbHUX HEBPOM, (POPMYBaHHS pereHepaTMBHOIO
iHTepdency nepudepunyHmnx Hepgis (RPNI) y BilicbkoBo-mMeamu-
HOMY KNiHiYHOMY UeHTpi 3axigHoro perioHy (BMKL, 3P) ynpo-
posx 2022 - 2024 pokiB..

MoKasye, WO HeMa€E pi3HULi B TepMiHax NosBuM MNEPBUHHOIO

nocramnyTauiiHoro 6ot Ta peunanBy HelnponaTUYHOro 6010 KYKCK Nicna NpoCTUX pe3ekLin
HeBpoM (Pa=0.8) - 5.5 (3.4) i 5.1 (1.7) micsauis BiANOBIAHO. Y MNaUIEHTIB AiarHOCTOBAHO TpwU
(2; 3.5) peumamBHnx cMMnTOoMHUX HeBpomu i 0.6 (0; 1.5) 6onoumx HEBPOM, AKi paHiwe 6ynu
acuMnToMHMMU. CepefHi piBeHb 6onto ctaHoBuB 7.6 (1.8) 3a wkanotwo DVPRS. Y BMKL 3P
yCiM nauieHTaM BMKOHanNuW pereHepaTuBHUN iHTepdelic nepudepmnuHoro Hepea (RPNI) uepes
peunanBHi CUMAOTOMW HEBPOM. Ha BiAMiHY BiA NMPOCTUX pe3eKuii CUMATOMHUX TepMiHanbHUX
HEBPUHOM, Nicns 3acTocyBaHHsA meToankn RPNI cepeHs iIHTEHCUBHICTb HeliponaTuyHoro 60sto
pe3nayanbHOT KiHLIBKW KAiHIYHO 3Ha4HO 3MeHwwunacs (8o 3.3 (0.8), pieHb P<0.001 6aniB) Ha
LWOCTOMY MiCSLi CNOCTEPEXEHHA Ta 3a/MLlanacs Ha TakoMy piBHI npoTarom 12 micauis.

BUCHOBKMW. Pe3ynibTaTu LbOro AOCNIAXEHHS CBiAYaTb, WO NPOCTa pe3eKuis HEBPOMU, AKa LWLNPO-
KO BMKOPUCTOBYETLCSA B YKpaiHi, He BNAMBAE Ha npodinakTuky GopMyBaHHS 601OUYNX HEBPOM.
Mpwn BMbOPI XipypriyHOi METOAUKMU A5 NiKYBAHHS CUMITOMHUX TEPMiHanbHUX HEBPOM aBTOpU pe-
KoMeHAyoTb MeToanKy RPNI, ocKinbky B LbOMY AOCMIAXEHHI BUABMEHO TI MO3UTUBHI pe3ynibTaTu
3i CTiikuM i TpuBanum edekToM. [Npu NOBTOPHMX onepaLlisX, 3yMOBMEHUX PELUNANBOM CUMMTOMHUX
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Revision surgery for amputation stump
terminal neuroma after blast injuries

Andrii Netliukh!, Zakhar Plakhtyr-2

Danylo Halytsky Lviv National Medical University, Lviv,
Ukraine

?Military Medical Clinical Center of the Western Region, Lviv,
Ukraine

Abstract. Neuropathic postamputation stump pain caused by
terminal neuromas is a significant problem for individuals with
amputations. Traditional surgical methods for painful neuroma
management presumably don’t prevent their recurrence, lead-
ing to a high rate of revision surgeries. Multiple operations on
a stump can significantly delay prosthetics and rehabilitation
of these patients.

Objective. To investigate cases of symptomatic terminal neu-
roma recurrence among military personnel after traumatic am-
putations due to combat trauma.

Materials and Methods. A clinical prospective study. To eval-
uate revision surgeries for symptomatic terminal neuroma re-
currence, thirty-four active-duty servicemen were observed.
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Eight patients with recurrence of neuropathic residual limb
pain following simple neuroma resections were included in the
final analyses. These individuals underwent revision surgery,
which involved the removal of terminal neuromas and regener-
ative peripheral nerve interface (RPNI) at the Military Medical
Clinical Center of Western Region from 2022 to 2024.

Results. This study reveals that there is no difference in the average time of primary postam-
putation pain onset and neuropathic stump pain recurrence after simple neuroma resections (P
level=0.8) - 5.5 (3.4) and 5.1 (1.7) months, respectively. Patients were diagnosed with 3 (2;3.5)
recurrent symptomatic neuromas and 0.6 (0;1.5) sensitized neuromas previously asymptomatic.
The average pain rate was 7.6 (1.8). All patients eventually underwent RPNI for recurrent symp-
tomatic neuromas in the military medical center. In contrast to simple resections of symptomatic
terminal neuromas, after the regenerative peripheral nerve interface, the average neuropathic
stump pain intensity clinically significantly decreased to 3.3 (0.8) (P level<0.001) points at the
6th-month follow-up. It remained at this level for 12 months.

Conclusions. The results of this study demonstrate that simple neuroma resection, commonly
used in Ukraine, does not affect painful neuroma prevention. We recommend performing RPNI for
symptomatic terminal neuroma management because this study showed successful results with
a stable and long-term effect. In the case of revision surgery for neuroma pain recurrence, find-
ing and removing all terminal neuromas, including asymptomatic ones, are preferred to prevent
rapid recurrence of stump pain.

Keywords: revision surgery, postamputation pain recurrence, neuroma resection, neuroma ex-
cision, RPNI, regenerative peripheral nerve interface.
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HEeBpPOM, BapTO 3HAXOAWUTW Ta BUAANATU BCi TepMiHa/NbHi HEBPOMU, 30KpEMa aCUMNTOMHI, 3a414

3anobiraHHsa WBMAKOro BigHOBNEHHS 6010.

KnroyoBi cnoBa: NOBTOPHI onepaTMBHI BTPyYaHHSs, peumaus noctamnyTtauinHoro 6onto, cumn-
TOMHa HeBpoMa, pe3sekuia HeBpoM, RPNI, pereHepaTuBHUIA iHTepdenc nepndepmnyHmnxX HepBiB.

BcTtyn

3rigHo 3 gocnigxeHHsM Martinez et al. (2024)
cepeA nopaHeHMx 3 amnyTauisMu, wo 6panu
yyacTb y 601M0BMX AiSX, piBEHb MOBTOPHUX One-
pPaTMBHMX BTpyYaHb Ha aMnyTaUiHUX KyKcax
caraB Big 30 % no 50 % [1]. Cepea HMX yacT-
Ka BTpy4YaHb 3 NpUBOAY NiKyBaHHS CUMATOMHUX
TepMiHa/ibHUX HEBPOM cTaHoBuNa 11 %.

TepMiH «HeBpOMa» He 30BCiM TOYHO Bigobpa-
»a€ MopdooriyHy NpMpoay LbOro yTBOPEHHS,
3YMOBJIEHOr0 HENyXJAWMHHOK nponidepadieto
nepeciyeHoro MNpPOKCUMasbHOro KiHUA nepu-
depuyHoro Heppa. ®POpMyBaHHS HEBPOMU €
HOpMasibHUM penapaTMBHUM npouecoM. BoHa,
K MpaBwuno, no4vmHae dopMyBaTUCa uepes
6 — 10 TWKHIB nicna TpaBMW Ta MOXE KJIiHIY-
HO MpPOSIBUTUCH mpoTarom 12 micsuis [2]. 3a
BM3HAYEHHAM, HEBPOMMU 3aBXAWN BUHUKAKOTb
nicns nepepisaHHAa Hepsa [3], ane kNiHi4Hi go-
CNigXXeHH4 cBigyaTb Npo piBeHb NOWMPEHOCTI
B Aiana3oHi nuwe Big 40 % no 70 % [4]. Ue
MOXHA MOSICHUTU PO36IXKHOCTAMU B TEPMIHO-
norii Ta pi3HUMU AiarHOCTUYHUMU KPUTEPIAMMU.

Mn BCTAHOBJIOEMO AiarHO3 CMMMNTOMHOI TEPMi-
HanbHOI HEBPOMMW, CNMpaKYUCb Ha KpuUTepil,
Bu3HaueHi Arnold et al. (2019): HenponaTnu-
HUA 6inb amMnyTauiiHOT KYKCU, MO3UTUBHWUI
cuMmnToM TiHens (4NS WKipHUX HepBiB), NO3n-
TVUBHAa BiANOBIAb HA NOKanbHe BBEAEHHA aHe-
CTEeTWKa, O3HAaKM HasABHOCTI HEBPOMMU, NiaTBEP-
oxeHi Y3, KT abo MPT [5].

BussneHo, wo 77 % nauieHTiB nicna pesekuii
CMMMNTOMHUX HEBPOM AEMOHCTPYHOTb 3HUXKEH-
HA 60NbOBMX BIAYYTTIB Ta MOKpaLLlEHHS SKO-
CTi XWUTTA 3rigHO 3 onuTyBasbHMKaMu Trinity
Amputation and Prosthesis Experiences Scales,
He3anexHo Bi4 MeToAMKW pesekuil. He3Baxa-
OUYM Ha MEepBUHHI YCNiWHi pe3ynbTaTh, Hajani
20 - 30 % HeBpoM 3anuwakTbcsa pedpakTep-
HMMU A0 OMNepaTUBHOIO NiKyBaHHS [6].

3a AaHuMuK niTepaTypHUX OxXepen, Taki dakTo-
pu, SK BiK, Me€XaHi3M TpaBMK Ta PO3Mip HEBPOMMU,
TepMiH nicna amnyTauii — He NoB’A3aHi 3 piBHEM
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nicnaamnyTauinHoro 6onto. ba 6inbwe, Benuki
HEBPOMMU, LLO JIErKO Bi3yani3yTbCa 3a A4OMNOMO-
roto Y3/l Ta HaBiTb NanbnylTbCs, 4YacTo € 6e3-
cnMnToMHMMKM [5]. CucTeMHi ornsam nitepatypu
CBigyaTb Npo Te, WO 3a NeBHUX obCTaBUH, AOCI
He BUBYEHWX, aCMMMNTOMHI HEBPOMU MOXYTb CTa-
TN CUMNTOMHMMM, WO Hagani notpebyBaTUMyTb
Kopekuii 601b0B0ro cuHapomy. ToMy Ans Xipyp-
riYHMX MeToAiB JliKyBaHHA OCHOBHOK BMMOIOIO €
3abe3neyeHHs TpMBaNoro Ta CTinkoro edekTy 3
MiHIMaNbHOK KiNbKICTIO yCKagHeHb [5; 7; 8].

TpaauuiliHi MeToam pesekLii HeBPOM CripsiMoBa-
Hi Ha CTBOpPEHHHA MepuHEeBpasbHOro OTOYEHHSA
B KYKCi, KOTpe 3axuwatmMe MabyTHIO HEBpPO-
MY Bif BMJIMBY 30BHILIHIX MEXaHIYHUX CTUMY-
nie. MNpoTe nicng BTpy4YaHb, siki He 3anobiratoTb
(OpMyBaHHIO BTOPUHHUX HEBPOM, CroOCTepira-
€MO BWCOKWI piBEHb MOBTOPHUX onepawil, LWo
carae 65 % nicng amnyTtauin [9] Ta 26 % - nic-
Ns pesekuin TepMiHanbHMX HeBpom [10].

CyyacHuin npodinakTUYHUIA MeTOA XipypriYHO-
ro nikyBaHHsA 6010UNX HEBPOM — (DOPMYBaHHS
pereHepaTMBHOrO iHTepdency nepmbepnyHoro
HepBa (RPNI) - nepBuHHO 6yB po3pobneHuii
Ansa amnnigikauii HepBOBOro CUrHany 3 amny-
TOBaHOI KiHUiBKM A0 HenponpoTtesy [11]. Len
MeTOA Nnosisirae B 06ropTaHHi TepMiHanbHOI Hep-
BOBOi KYKCW aBTOJIOFYHMM BiIbHUM M’S30BMM
KnanTteMm. [lepecivyeHi HepBOBi BOJIOKHa Npopo-
CTaloTb B M'A30BUI TpaAHCMNAHTAT, 3aBepLUYIOTh
CBili piCT, NOB’A3aHMI 3 MOLIYKOM peiHHepBauii
Ha opraHi-MiweHi, y Takmi crnoci6 3anobiratoum
YTBOpEHHI0 6otoumx HeBpom [12].

Mig Yac onepaTUBHUX BTPYYaHb 3 BMAANEHHS
CUMNTOMHUX TepMiHafbHUX HEBPOM MU Ha-
MaraeEMocb 3HaWTW | NPOBECTU pe3eKuilo Ta
cchopMyBaTU pereHepaTUBHUI iHTEPdENC BCix
OOCTYMHUX TEpMiHaNbHUX HEBPOM, BKJTHOYHO 3
ACUMMNTOMHUMMU.

Hawa HaykoBa po3Bigka crnpssMoBaHa Ha Ao-
CNigKeHHA peunamBiB  CUMNOTOMHUX TepMi-
HanbHMX HEBPOM cepes BiiCbKOBOCNYX60B-
uiB nicna TpaBMaTUMUHOI amnyTawlil BHAcNigokK
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Introduction

Following the research of Martinez et al.
(2024), the rate of re-surgeries on amputation
tumps in the structure of wounded amputees
participating in combat operations reached 30
to 50% [1], with the share of surgeries for the
treatment of symptomatic terminal neuromas
among them being 11%.

The term “neuroma” does not accurately re-
flect this formation’s morphological nature,
represented by a non-neoplastic proliferation
of the transected proximal end of a peripheral
nerve. Neuroma formation is a common repar-
ative process. It usually forms 6 to 10 weeks
after the injury and can be clinically manifested
within 12 months. [2] According to the defi-
nition, neuromas are always present following
nerve transection [3]. However, clinical studies
report prevalence rates ranging from only 40%
to 70% [4]. Differences in terminology and dif-
ferent diagnostic criteria can explain this.

Symptomatic terminal neuroma is diagnosed
based on the criteria established by Arnold et
al. (2019): neuropathic pain of the amputa-
tion stump, positive Tinel’s sign (for cutaneous
nerves), positive response to local anesthetic
injection, and signs of neuroma confirmed by
ultrasound, CT or MRI. [5] It was found that
77% of patients demonstrate reduced pain
sensations and improvement in quality of life
after resection of symptomatic neuromas, ac-
cording to the Trinity Amputation and Prosthe-
sis Experiences Scales questionnaire results,
regardless of the resection method. Despite
initial positive results, 20-30% of neuromas
will remain refractory to surgical treatment [6].

According to the literature, factors such as
age, mechanism of injury, and neuroma size,
as well as the term after amputation, are not
associated with the level of post-amputation
pain. Moreover, large neuromas, easily visu-
alized by ultrasound and even palpable, are
often asymptomatic [5]. Systematic reviews
of the literature show that under certain cir-
cumstances, currently not studied, asymp-
tomatic neuromas can become symptomatic,
which will subsequently require correction of
the pain syndrome. Therefore, for surgical
treatment methods, the main requirement is
to ensure a long-lasting and stable effect with
a minimum number of complications [5, 7, 8].
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Traditional neuroma resection methods aim to
create a perineural environment in the stump,
protecting the future neuroma from external
mechanical stimuli. However, after interven-
tions that do not prevent the formation of
secondary neuromas, there is a high rate of
repeated operations, reaching up to 65% after
amputations [7] and 26% after resections of
terminal neuromas. [10]

The modern preventive method of surgical
treatment of painful neuromas - formation
of a regenerative peripheral nerve interface
(RPNI) - was initially developed to amplify the
nerve signal from the amputated limb to the
neuroprosthesis. [11] This method involves
wrapping the terminal nerve stump with an
autologous free muscle flap. Transected nerve
fibers grow into a muscle graft and complete
their growth associated with the search for re-
innervation on the target organ, thus prevent-
ing the formation of painful neuromas. [12]

During surgeries for symptomatic terminal
neuromas, we try to find, resect, and form a
regenerative interface of all available terminal
neuromas, including asymptomatic ones. Our
study is aimed at investigating the recurrence
of symptomatic terminal neuromas among
military personnel after traumatic amputation
due to gunshot wounds and studying the ef-
fectiveness of such preventive surgical inter-
ventions as the formation of a regenerative
interface of peripheral nerves.

Study methods and materials. There was a co-
hort study of 34 service members with neuro-
pathic post-amputation pain of the stump due
to gunshot wounds who underwent surgical
intervention — removal of terminal neuromas,
formation of a regenerative interface of pe-
ripheral nerves (RPNI) at the Military Medical
Clinical Center of the Western Region during
2023-2024. Of them, 23.5% (9) of patients
presented due to recurrence of neuropathic
stump pain after previous neuroma resections
and were selected for further analysis. The pa-
tients who underwent surgery for symptomat-
ic neuroma were prospectively registered in
the database of the surgical department of
a multidisciplinary military institution of the
3rd-4th level, which focuses on the treatment
of neuropathic pain after amputation. All pa-
tients consented to participate in the study.
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BOrHenasibHMX MopaHeHb, i BUBYEHHS edek-
TUBHOCTI Takmx NpodinakTUYHUX XipypriyHnx
BTPYYaHb, K (POPMYBaHHS pereHepaTUBHOrO
iHTepdency nepudepnyHNX HEPBIB.

MaTepianu i MeToan pocnig>keHb
MpoBeaeHe KOropTHe pocnigXxeHHsa 34 Bilk-
CbKOBOCNY>X60BUIB 3 HEWpOnaTUYHUM TMO-
cTamMnyTauinHuMm 60oneM KyKCWM BHacnNigok
BOrHemnaJbHUX TMOpaHeHb, SAKUM BWUKOHaHO
onepaTvBHe BTPYYaHHSA 3 BUAANIEHHSA TepMi-
HanbHUX HeBpoM, dOpPMyBaHHSA pereHepa-
TUBHOrO iHTepdency nepndepuyHux HepsiB
(RPNI) y BMKLU 3P ynpogosx 2023 - 2024
pokiB. Cepea Hux 23.5 % (9) nauieHTiB 3Bep-
HY/INCS BHACNiAOK peuuanBy HelponaTU4HoO-
ro 6070 KyKCW Micns nonepefHix pesekuin
HeBpoM i 6ynun obpaHi Ansg noganbworo aHa-
ni3y. NMauieHTn, 9KMM NpoBOAMIN OornepaLito 3
BMAANEHHS CUMMMTOMATU4YHOI HeBpoMmu, Bynu
NpOCMNeKTUBHO 3apeecTpoBaHi B 6asi Xipyp-
rivHoro BipgaineHHs 6aratonpodinbHOro Bil-
cbkoBoro 3aknaay III-IV piBHA, gKke 3o0cepe-
JXXeHe Ha fikyBaHHi HelponaTuyHoro 60t
nicna amnyTauii. Bci nauieHTn Haganw iHgop-
MOBaHYy 3rofly Ha yyacTb Yy AOCAIAXEHHI.

Original research: Clinical sciences

BincbkoBocnyx60BLi, sKi yBiAWAKM A0 AOCNi-
J)KyBaHOI rpynuv, Manu AiarHoCToBaHi CUMIM-
TOMHIi HEBPOMW, HKi BUKIWUKANU KJiHIYHO
3HAYYyLWKUMA (NOMIPHUIA UM BaXXKM) Henpona-
TUYHMA BiNb KYKCW, Ta B aHaMHe3i Bxe 6ynu
OAMH 4Yun AeKinbka pasiB onepoBaHi 3 uiei npu-
UMHW. BunydyeHumun 3 gocnigxeHHs 6ynm oco-
6u BikOM fo 18 pokiB, xBopi abo skMM amMnyTa-
Lis nposeaeHa BHacnNigok HeboloBoi TpaBMU
i COMATUYHUX 3aXBOpPIOBaHb, Ta AKMUM paHiwe
He NpoBOAMU XipYPriYHUX BTPYYaHHb 3 BUAA-
NIeHHS TepMiHa/IbHUX HEBPOM.

XBOpUM 3 A0CNIAXKYBAHOI KOropTWU BUKOHanNM
3aranbHOKIIHIYHE, HEBPONOriYHE 06CTEXEHHS,
3arasibHOKNIHIYHI AOCNIAXEHHS, YNbTPa3BYyKoO-
Be Ta peHTreHorpadidHe 06CTeXeHHS KyKCW.
CepenHs iHTEHCMBHICTb 60110 pe3nayanbHoi
KiHUIBKW OUiHIOBasacb 3a ONUTYBasibHUKOM
Defense Veterans Pain Rating Scale, 2010.
Y BCiX NauieHTIB HenponaTUyHuii 6inb KyKCK
nigTBEpPAXEHUI NPOBEAEHHSAM HEBPOOrivYHO-
ro orngay Ta 3a pe3yfibTaToM ONUTyBaJibHMKA
Leeds Assessment of Neuropathic Symptoms
and Signs, M.Bennett, 2001 > 12 6anis.

Tabamysa 1

KniHiyHi XapakTepucTukKmn BiiCbKOBOCNY>X60BLiIB 3 peLuauBOM CUMNTOMHUX HEBPOM

Bik/ TepMIH"BI,D, aMHXTauII o TepMiH 40 | Peunans cumn- Be3CcMMnTOMHI PiBeHb PIBeH.b
crate | MEPLIOT onepauii 3 npu- PELMAMBY | TOMHMX HEBPOM HeBpOMM, WO 6onto ne- | 6onto nicns PesynbTaT
BOAY CUMIMTOMHUX HEBPOM MaHidectyBanu | peg RPNI | RPNI (6 mic)
35/4 2 Mic. Pe3ekuisi HEBpOM, 6 mic UN, MCN _ 5 5 6 MicsauiB 6e3
pemMoaesnitoBaHHSA KyKCu peunanBy
49/4 5_M|c. Pesekuisa 4 mic MN, UN, MCN, AMCN 10 4 6 MicsauiB 6e3
TepMiHaNbHUX HEBPOM RN peunanBy
23/4 3 mic. Pesekuis 5 mic MN, UN, RN _ 7 5 8 micauis 6e3
TepMiHaNbHUX HEBPOM peunanBy
12 Mic. 2 pesekuii 9 MicsiLie 6e3
29/4 | TepMiHanbHMX HEBPOM 3 4 Mmic MN, UN, MCN - 6 2 u
. . peunansy
iHTepBanoMm B 4 micaui
314 4.MIC. Pesekuisn 7 Mic SPN, TN, SaphN, LSCN, MSCN 9 4 6 micsuis 6e3
TepMiHasIbHUX HEBPOM LSN, MSN. peunanBy
26/4 11. Mic. Pe3ekuis 8 mic SPN, TN, LCSN, ) 2 3 6 Mmicauis 6e3
TepMiHa/IbHNUX HEBPOM MCSN. peunanBy
2 mic. PeamnyTauisa Ta
23/4 peseKuis TepMiHanbH1X 4 mic SPN, SaphN SN 7 4 7 Micsauis 6e3
HEBPOM 3 iHTepBasioM B peunamBy
3 Mmicaui
5 Mic. Pesekuis . LFCN, PFCN, 12 micsauis
1/ TepMiHa/IbHNX HEBPOM 3 mic TN, CPN SN 10 4 6e3 peunavsy
MpumiTkn. UN- n.ulnaris, MCN- n.musculocutaneus, RN- n.radialis, MN- n.medianus, AMCN- n.cutaneus antebrachii
medialis, CPN- n.peroneus communis. DPN- n.peroneus profundus SPN- n.peroneus superficialis, TN- n.tibialis,
SaphN- n.saphenus, LSCN- n.cutaneus surae lateralis, MSCN- n.cutaneus surae medialis, SN- n.suralis, LFCN-
n.cutaneus femoris lateralis, PFCN- n.cutaneus femoris posterior.
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Service members who were included in the
research group were diagnosed with symp-
tomatic neuromas that caused clinically signif-
icant (moderate or severe) neuropathic pain
in the stump and had already been operated
on once or several times for the same reason
in the anamnesis. Persons under 18 years of
age, patients who had amputation performed
as a result of non-combat injury and somatic
diseases, and those who had not previously
undergone surgeries for terminal neuromas
were excluded from the study.

Patients underwent general clinical and neuro-
logical examinations and ultrasound and X-ray
examinations of the stump. The Defense Vet-
erans Pain Rating Scale, 2010 assessed the
average pain intensity of the residual limb. In
all patients, neuropathic pain in the stump was
confirmed by a neurological examination and
the result of the Leeds Assessment of Neuro-

Original research: Clinical sciences

pathic Symptoms and Signs questionnaire, M.
Bennett, 2001 = 12 points.

All patients underwent surgeries consisting in
the regenerative interface of peripheral nerve
(RPNI) formation of amputated stumps, in-
cluding removing symptomatic and asymp-
tomatic neuromas.

Statistical analysis of the obtained data was
carried out using the Microsoft Excel 2021 ap-
plication package program.

Results

The average age of patients is 33.4+9.3
years. All subjects of the research group
were males who underwent amputations as a
result of gunshot wounds. (Table 1) Amputa-
tions of lower limbs after mine-blast injuries
predominated among the studied patients
(Table 2).

Table 1

Clinical characteristics of service members with recurrent symptomatic neuromas

Age/ Time from Amputation Time to Recurrence of | Previously, Asymp- | Pain Level | Pain Level
Ge?\der to First Surgery for Recurrence symptomatic | tomatic Neuromas Before After RPNI | Outcome
Symptomatic Neuromas neuromas Manifested RPNI (6 Months)
2 months. 6 months
35/M Neuroma resection, 6 month UN, MCN - 5 2 without
stump remodeling recurrence
6 months
5 months. MN, UN, .
49/M Neuroma resection 4 month MCN, RN AMCN 10 4 without
recurrence
3 months 8 months
23/M - 5 month MN, UN, RN - 7 5 without
Neuroma resection
recurrence
ngie?gcntfgrf.s of 9 months
29/M - 4 month | MN, UN, MCN - 6 2 without
neuromas with a
> recurrence
4-month interval
4 months SPN, TN, 6 months
31/M - 7 month SaphN, LSN, LSCN, MSCN 9 4 without
Neuroma resection
MSN. recurrence
11 month SPN, TN 6 months
26/M Neuroma resection 8 month LCSN, MCSN. ) / 3 without
recurrence
re-ar?wnzféggir;sr; and 7 months
23/M putation an 4 month | SPN, SaphN SN 7 4 without
neuroma resr=ection recurrence
with a 3-month interval
12 months
5 months. !
51/M heuroma resection 3 month TN, CPN LFCN, PFCN, SN 10 4 without
recurrence

Notes. UN - n.ulnaris, MCN - n.musculocutaneus, RN - n.radialis, MN - n.medianus, AMCN - n.cutaneus antebrachii
medialis, CPN - n.peroneus communis. DPN - n.peroneus profundus SPN - n.peroneus superficialis, TN - n.tibialis,
SaphN - n.saphenus, LSCN - n.cutaneus surae lateralis, MSCN - n.cutaneus surae medialis, SN - n.suralis, LFCN -
n.cutaneus femoris lateralis, PFCN - n.cutaneus femoris posterior.

325



Mpaui HTLW MeanyHi Hayku
2024, Tom 76, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2024, Vol. 76, 2

OpwuriHanbHi 4OCAIAXEHHS: KNiIHIYHI HayKKn

YciM nauieHTamM npoBOoAMAN OMepaTUBHI BTPY-
YaHHSA B 06CA3i POpMyBaHHSA pereHepaTuBHO-
ro iHtepdency nepudepndHmux Hepais (RPNI)
aMmnyTauinHMX KyKC, 3 BUAANIEHHAM CUMMTOM-
HUX Ta aCUMMNTOMHUX HEBPOM.

CTaTUCTUYHMIA  aHani3 OoTpUMaHUX  JdaHuX
npoeoaunn 3a pgonomorot nporpamu [1MM1
Microsoft Excel-2021.

Pe3synbTatn

CepegHin Bik nauieHTiB 33.4+9.3 pokis. Bci
ocobu pocnifXyBaHOi rpynu 4osoBiYOi CTaTi,
iM 6ynn BMKOHaHI amnyTauii BHAcni4OK BOrHe-
nanbHMX nopaHeHb (Ttabn. 1). Cepea pocni-
J>KYBaHUX NauieHTIB nepesa)anu amnyTauil
HMXKHIX KiHUIBOK Micns MiHHO-BMOYXOBMX MO-
paHeHb (Tabn. 2).

CepegHin piBeHb 60110 KYKCUM NpW NOTpansiH-
Hi 0O BIMCbKOBOro rocnitanto 6yB BMCOKUM —
7.6 (1; 8) 6aniB, He3BaXkal4yM Ha nornepenHi
XipypriyHi BTpy4YaHHs Ta 3HebontoBasbHeE,
KOHCepBaTUBHE JiKyBaHHS.

3anexHo Bi4 CMMANTOMATUKN HEBPOM, O4HOMY
XBOPOMY Mpu nonepeaHboOMy onepaTUBHOMY
BTPYYaHHI NpoOBOAUMU pe3eKuito Big OAHIEl
[0 YOTMPbOX TEPMiHaNbHMX HEBPOM Nepude-
PUYHUX HepBiB, Yy cepefHbOMY 2.3 HEBPOMMU

(puc. 1).

Original research: Clinical sciences

PucyHok 1. NepeponepadiiHe MapKyBaHHS, HaHeCeHe nig,
KOHTponeM Y3/[l. Ha wWKipi KyKcu Bi3yani3ytoTbCst MHOXWH-
Hi pybui nicns nonepeaHix onepauin 3 BUuAaneHHsa HEBPOM

[MpoBeaeHO BICIM MOBTOPHUX OMNEPaTUBHUX
BTPy4YaHb 3 npuBoAYy peumamBy CUMMOTOMHUX
TepMiHanbHUX HEBPOM. MU aHBUAINWUAU ABIi Fpy-
Nn MauieHTiB 3 peumansom 601b0BOro CUHAPO-
MY B KYKCi CTOCOBHO MOKa3iB A0 Xipypri4yHoro
NiKyBaHHA: nepLla rpyna — nauieHTV 3 peunau-
BOM CMMMNTOMHUX TepMiHaNbHUX HEBPOM Micns

Tabanys 2

KniHiko-enigeMionoriuHi xapakTepucTtukm BiiCcbKOBOCNY>X60BUIB
3 peumanBOM CMMMNTOMHUX HEBPOM

XapaKkTepucTukm Bci nauieHTn (n=8)
Bik, M(SD) 33.4 (9.3)
CraTb
e yonosiya, n (%) 8 (100)
PiBeHb amnyTauii
e BepxHs KiHuiBKa, n (%) 3 (37.5)
e HuxHS KiHUiBKa, n (%) 5 (62.5)
° Ha piBHi cTerHa, n (%) 1(12.5)
° Ha piBHi rominku, n (%) 4 (50.0)
ETionoria amnyTtauii
e MiHHO-BMbGYyXxoBe nopaHeHHs, n (%) 7 (87.5)
e BOrHenasjabHe Ky/bOBe nopaHeHHs, n (%) 1 (12.5)
TepMiH Bia amnyTauii 40 NOSABM HEMpoNaTUYHOro 607110 BHACAIAOK CUMATOMHUX HeBpoM, M(SD) micsuis 5.5 (3.4)
TepMiH Bif nonepeaHbOro XipypriyHoro BTpy4aHHsa A0 peunaumBy 6onto, M(SD) micsauis 5.1 (1.7)
CepegaHin piBeHb 6onto go RPNI, M(SD) 7.6 (1.8)
MonepeaHi XipypriyHi BTpyYaHHs 3 npueoay 600 i TepMiHanbHUX HEBPOM
e MpocCTa pe3eKLisi HEBPOM 6 (75.0)
e peamnyTauis 3 NPOCTO pe3eKLiEl0 HEBPOM 1(12.5)
e peMoesitoBaHHS 3 NPOCTOK pe3eKLi€E HEBPOM 1(12.5)
CepegaHin piBeHb 6onto0 yepes 6 micauis nicna RPNI, M(SD) 3.3 (0.8)
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Table 2

Clinical and epidemiological characteristics of service members with recurrent
symptomatic neuromas

Characteristics All patients (n=8)

Age, M(SD) 33.4 (9.3)
Gender
e male, n (%) 8 (100)
Amputation level
e Upper limb, n (%) 3 (37.5)
e Lower limb, n (%) 5 (62.5)

> above knee, n (%) 1(12.5)
> below knee, n (%) 4 (50.0)

Cause of amputation
e Mine- explosive injury, n (%) 7 (87.5)
e Gunshot wound, n (%) 1 (12.5)
Time from amputation to onset of neuropathic pain due to symptomatic neuromas, M(SD) months 5.5 (3.4)
Time from previous surgery to pain recurrence, M(SD) months 5.1 (1.7)
Average pain level before RPNI, M(SD) 7.6 (1.8)
Previous surgical interventions for pain and terminal neuromas
e neuroma resection 6 (75.0)
e Re-amputation with simple neuroma resection 1(12.5)
e Remodeling with simple neuroma resection 1(12.5)
Average pain level after 6 months of RPNI, M(SD) 3.3 (0.8)

The average level of stump pain upon
admission to the military hospital was high -
7.6 (1; 8) points, despite previous surgeries
and analgesic, conservative treatment.

Depending on the symptomatology of the
neuroma, one patient underwent resection
from 1 to 4 terminal neuromas of peripher-
al nerves during the previous surgery, on
average 2.3 neuromas (Figure 1).

Figure 1. Preoperative marking under ultrasound control.
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Multiple scars from previous neuroma re-
moval surgeries are visible on the stump
skin.8 recurrent operations were performed
due to the recurrence of symptomatic termi-
nal neuromas. We distinguished two groups
of patients with recurrence of pain syndrome
in the stump depending on indications for
surgical treatment: the first group is patients
with recurrence of symptomatic terminal
neuromas after primary resections; the sec-
ond group is patients with the manifestation
of neuropathic pain syndrome of asymptom-
atic neuromas (Table 1). The average period
of recurrence of the pain syndrome after pri-
mary surgical intervention for symptomatic
terminal neuroma was (3.3+£1.8) months.
The average level of neuropathic pain at
presentation was (7.6+1.8) points. Each pa-
tient had an average of 3 (2;3.5) recurrent
symptomatic neuromas and 0.6 (0;1.5) pre-
viously asymptomatic symptomatic neuro-
mas (Table 3).

Table 3
Characteristics of Terminal Neuromas

Median (IQR)
3.0 (2;3.5)

Characteristic
recurrent

Number of

neuromas

Number of previously asymptomatic
neuromas that manifested

symptomatic

0.6 (0;1.5)
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NepBUHHNX pe3eKLUii; agpyra rpyna — nauieHTu
3 MaHidecrauieo HelriponaTMyHoro 60/1b0BOrO
CUHAPOMY aCMMNTOMHUX HEBpPOM (Tabn. 1).

CepenHin TepMiH peunamBy 601bOBOr0 CUH-
ApOMYy nicna NepBMHHOrO ONepaTUBHOIO BTPY-
YaHHSA 3 BUAANIEHHS CUMMNTOMHUX TepMiHasb-
HMX HeBpOM cTaHoBMB (3.3+1.8) Micauis.
CepenHin piBeHb HerponaTuyHoro 600 npwu
3BEpPHEHHI cTtaHoBMB (7.6+1.8) 6aniB. Y KoX-
HOro nauieHTa BMSBMIEHO B CepeaHbOMY Tpu
(2; 3.5) peunmanBHMX CUMATOMHUX HEBPOMU Ta
0.6 (0; 1.5) cMMANTOMHUX HEBPOM, LLO paHiwe
6ynn 6escMmMnToMHMMHK (Tabn. 3).

Tabnnuys 3

XapaKTepucTMKu TepMiHasibHUX HEBPOM

XapaKTepucTmkm Median (IQR)
KinbKicTb peunamBHUX CUMMTOMHUX He- 3.0 (2:3.5)
BPOM
KinbKicTb CUMATOMHUX HEBPOM, LLIO paHi- 0.6 (0:1.5)
e He TypbyBanu

MeTon OpMyBaHHS pereHepaTUBHOrO iHTep-
deincy nepudepnyHmx HepsiB (RPNI) BMKOHa-
HO Npu pe3ekuii 28 TepMiHafIbHUX CUMATOMHUX
HEBPOM aMnyTauilHUX KyKC, 3 akux 21 peun-
AVBHa Ta WICTb aCMMMNTOMHUX, B CEPEAHbLOMY
4.3 3a ogHy onepauito (puc. 2, 3).

PucyHok 2. Mepwnii eTan onepadii — BUAINEHHS HepBa Ta
peseKkuis TepMiHa/lbHUX HEBPOM

328

Original research: Clinical sciences

PucyHok 3. Opyrui etan onepauii — ¢dopMyBaHHs RPNI
LIAAXOM 3aHYPEHHS Ta NigWMBaHHSA KiHUiB HEpBA Y Biflb-
HWI M'93eBUI KNanoTb

O6roBopeHHA

3a pesynbTataMum UbOro AOCMIAXEHHA ce-
peaHin TepMiH mosiBu 6onto micnsg amnyTtauii
Ta Nicng NpoCcTUX pesekuih HEBPOM € Malixe
oaHakoBuMm (5.5 (3.4) ta 5.1 (1.7) micsuis
BiAMOBIAHO), WO, MMOBIPHO, BKA3y€E Ha Bia-
CYTHICTb NMPEBEHTUBHOIO BMJMBY TaKoil Xipyp-
riyHoi MeToaAukM Ha dopMyBaHHSA 60AHUUX
HeBpoM. Bepyunm po yBsaru pesynbTaTm [0O-
cnigxeHb aBTopiB Ives et al., 2018 [2], ski
BKa3ylTb Ha TpuBanicTb MaHidectauii Hen-
ponaTM4YHOro nocrtamnyTauiriHoro 6onto Ao
12 micauis, y HawoMy AOCNIAXEHHI criocTepe-
XXEHHS 3a nauieHTaMmu TpuBaso Bij WeCcTn A0
12 micauis.

BapTo 3BepHYTW yBary i Ha BUCOKY 4YacCTKy pe-
UMONBHUX CUMMTOMHUX TEPMiHa/IbHUX HEBPOM
ynpoaoBx n’aTu Micauis nicna pesekuin - 3.0
(2; 3.5).

Micna RPNI 6yno BUSABNEHO K/iHIYHO 3HauylLle
3HMXKEHHSA CepeaHboi iIHTEHCUBHOCTI 6onto pe-
3nayanbHOI KiHUiBKkM i3 7.6 (1.8) 6anis no 3.3
(0.8) Ha wocTmin Micaub nicns nikyBaHHA. Ta-
Knii piBeHb 6010 He NepeLKoaXaE WOoAeHHIn
aKTUBHOCTI Ta couianbHiM aganTtauii nauieH-
TiB. Y 4OTUPbLOX MNALEHTIB, AKNUX CrocTepiraam
JOBLUE HiX WIiCTb MicAUiB, KNiHIYHO 3HAYYyLWOro
peumamnBy 6010 TaKOX He BUSIB/IEHO, WO CBifg-
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The method of forming the regenerative inter-
face of peripheral nerves (RPNI) was performed
with resection of 28 terminal symptomatic neu-
romas of amputation stumps, of which 21 were
recurrent, and six were asymptomatic, an aver-
age of 4.3 per one operation (Figure 2, 3).

Figure 2. First stage of surgery. Dissection of the nerve
and resection of terminal neuromas

Figure 3. The second stage of surgery. The formation of
RPNI by embedding and suturing nerve ends into a free
muscle flap

329

Original research: Clinical sciences

Discussion

According to study results, the average dura-
tion of pain after amputation and after sim-
ple neuroma resections is almost the same
(5.5 (3.4) and 5.1 (1.7) months, respective-
ly), which probably indicates the absence of a
preventive effect of this surgical technique for
the formation of painful neuromas. Consider-
ing the results of work by Ives et al., 2018
[2], stating the time of manifestation of neu-
ropathic post-amputation pain to be up to 12
months, in this study, patients were followed
up from 6 to 12 months.

It is necessary to point out the high rate of re-
current symptomatic terminal neuromas with-
in 5 months after resections - 3.0 (2; 3.5).

After RPNI, the average residual limb pain in-
tensity decreased significantly from 7.6 (1.8)
points to 3.3 (0.8) 6 months post-treatment.
This pain level does not interfere with the pa-
tient’s daily activity and social adaptation. Four
patients who were observed for longer than 6
months had no clinically significant recurrence
of pain, indicating that RPNI has a stable and
long-lasting effect in treating symptomatic
neuromas.

When planning surgical intervention for symp-
tomatic neuromas, we recommend removing
asymptomatic terminal neuromas as well,
paying special attention to cutaneous nerves,
as according to study results, the average
number of asymptomatic neuromas manifest-
ed after resection is 0.6 (0; 1.5), which leads
to relapse of neuropathic pain and requires re-
peated interventions.

In conclusions: When choosing a surgical
technique for the treatment of symptomatic
terminal neuromas, we recommend selecting
the method of forming a regenerative inter-
face of peripheral nerves (RPNI), as it showed
positive results in our study with a stable and
long-lasting effect, which is confirmed by the
data found in the world literature. In the case
of reoperations for the recurrence of symp-
tomatic neuromas, we recommend finding
and removing all terminal neuromas, includ-
ing asymptomatic ones, to prevent rapid pain
recovery.
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4nTb Npo Te, wo RPNI mae cTinkuii Ta TpmBa- Y BUCHOBKAaX: npuv BMbOpi XipypriyHoi MmeToan-
NN edekT y NiKyBaHHI CUMATOMHUX HEBPOM. KW 414 NiKyBaHHA CUMMOTOMHUX TepMiHasbHUX
HEBPOM MU pEKOMEeHAYEMO obupaTu MeToauKy
Mpy niaHyBaHHI onNepaTMBHOINO BTPYYaHHSA 3 (dopMyBaHHS pereHepaTUBHOro iHTepdency
BMAaIeHHA CUMNTOMHUX HEBPOM MW PEKOMEH- nepudepnyHmx Hepsie (RPNI), ockinbku B Ha-
OYEMO MPOBOAUTU BUAANEHHSA TAKOX acUMI- LOMY AOCNiA)KeHHI BOHA 3acBigvunsia NO3UTUBHI
TOMHUX TepMiHaNbHUX HEBPOM, MNPUAINATH pe3ynbTaTu 3i CTINKKUM | TpMBannM epekTom, Lo
0cobnuMBy yBary LWKIpHUM HepBaM, OCKiNlbKU NiATBEPAXYIOTb AXXepesia CBITOBOI JliTepaTypu.
3rigHO 3 pe3yfibTaTaMuU Haworo AOCHiAXKEeHHSA
cepefHs KinbKiCTb 6€3CMMNTOMHUX HEBPOM, Mpy NOBTOPHMX oOnepauiax 3 npueoay peuu-
AKi MaHidecTyBanu Bxe Micnsa pesekuin, cra- OVBY CUMMNTOMHUX HEBPOM pPEKOMEHAYEMO
HoBuTb 0.6 (0; 1.5), wo npmu3sBoAUTb A0 pe- 3HaxXoAUTW | BUWAANATU BCi TePMiHasIbHi HEBPO-
uMauBy HemponatuyHoro 6onto Ta notpebye MW, 30KpeMa i acMMNTOMHI, Ans 3anobiraHHs
MOBTOPHUX XipypriyHMUX BTPy4aHb. LWBMAKOMY BiAHOBNEHHIO 60110.
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