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AHHOTALINA

060cHoBaHue. YunTbiBas 60/bLLOE KONMYECTBO PaHEHBIX C aMMyTaLMAMM KOHEYHOCTEN NPYU OTHECTPESIbHON TPaBMe B YCIOBUSX
BOEHHbIX JElCTBUM, Ba)KHa paHHAS AMarHOCTUKA TEPMUHANBHBIX HEBPOM C LieJIbi0 afleKBaTHOMO NPOTE3MPOBaHUA KOHEYHOCTEM.
Lienb — onpepenuTb BO3MOMHOCTU YNbTPa3BYKOBOr0 UCCNEA0BAHNA B OLEHKE KOHLOB Nepudepuieckux HepBOB U BbisiBNe-
HWM TEPMUHANbHBIX HEBPOM Y NaLMEHTOB NOC/E aMNyTaLMM KOHEYHOCTEl NpU OrHECTPENbHO TPaBMe.

Marepuanbl u Metogbl. 06cneposaH 71 nauueHt (MyxumnHbl 20-57 net), 179 nepudepnyeckux HepsoB. YNnbTpa3ByKoBoe
UccnefoBaHWe NPOBOAMIM MO CTaHAAPTHON MeToauMKe C ucrnonib3oBaHueM ckaHepa ACUSON S2000 (Siemens Healthineers,
l'epMaHuA) NIMHeRHBIM AaTYMKOM C YactoToi 7-17 My nocne ycTaHoBKM NporpamMMbl MCCNeL0BaHNsA ONOPHO-ABUraTeNlbHOro
annapara. lpnynHa amnyTaumm: orHecTpenbHas Tpaema. [JaBHOCTb orHecTpenbHoM TpaBMbl — 0T 11 1o 362 aHeld, onepaTus-
Horo BMelatenbctBa — oT 11 go 340 gHeid. lNokasaHue K uccnefoBaHuio: 6011 B KYNBTAX KOHEYHOCTEN.

Pesynbtartbl. [Tpu ocMoTpe 179 nepudepuyeckux HepBoB BbiSBAEHO 149 TpaBMUPOBaHHbIX KOHLOB ANs OLEHKU. Pacnpenene-
HWE YacToTbl NOBPEMAEHMIA: HA BEPXHUX KOHEYHOCTAX IMAMPOBaN YPOBEHb MieYa, Ha HUKHUX — Beapa. B oboux cnyyasx npe-
Ba/IMpOBanM NopaXkeHus Ha feBoi CTOpOoHe. Bce M3MeHeHWs KOHLOB pasfeneHbl Ha Tpu rpynnbl: 1-a rpynna (60%) — cTpyk-
TYpHble U3MeHeHUsi 6e3 NPM3HaKOB TEPMUHANBHON HEBPOMBI, 2-8 rpynna (25%) — CTPYKTYpHble M3MEHEHUS C TEPMUHANBHOM
HeBpoMol, 3-a rpynna (15%) — CTpyKTypHble U3MeHeHNs C NOTeHUManbHOM (HOpMUPYIOLLIEICS) TEPMUHATBHON HEBPOMOM.
YnbTpa3ByKOBbIE MPU3HAKKM CTPYKTYPHBIX M3MEHEHWN Be3 TepMUHAbHOM HEBPOMBI: YTOMLLIEHWE KOHLIA HEPBA C COXPAHEHHOM
(acUMKYNAPHOCTBIO CTPOEHUS, CHUKEHUE 3XOTEHHOCTU M YCUEHWe BaCKyNspu3aLmMv KOHLA HepBa Npu LBETOBOM AOMMIe-
POBCKOM KapTUPOBaHUK.

YnbTpa3sByKoBble NPU3HaKW NOTEHLMANBHON TEPMUHANBHOWM HEBPOMBI: TO XKE + Haauuue LIApOBULHOMO MMMNO3X0reHHoro 06-
pa30BaHWA, UCXOAALLEro M3 KOHLA HepBa, oTcyTcTBUE AuddepeHUMpPoBKM Ha dacumKynbl B 0bpasoBaHuM, nocnefHee 3a-
HWMaeT He BCIO MOLaAb NOMEPEYHOr0 CeYEHUs KOHLA HepBa, 0bpa3oBaHue aBacKymspHO NpW LBETOBOM AOMMIEPOBCKOM
KapTMpOBaHUU.

YnbTpa3ByKoBble Npu3HaKy coOpMUPOBAHHON TEPMUHANBHOIM HEBPOMbI: TO XKe + Hannuue ByNaBoBUOHOIO UMW LIAPOBUAHOMO
TMNo3XoreHHoro 06pa3oBaHKs, MPEeBOCXOASALLEN0 NoLab NONEPEYHOr0 CEYEHUs HEpBa NMpOKCMManbHee B 2 U bonee pas,
UCXOAALLIEro U3 KOHLA HepBa; oTCyTCTBME B 00pa3oBaHuu anddepeHUMpoBKU Ha dacumKynbl; 06pa3oBaHMe 3aHUMAET BCIO
MNoLWaab NonepeyHoro CeYeHns KOHLA HepBa M TakKe aBacKynspHO Npy LBETOBOM AONMIEPOBCKOM KapTUPOBaHUM.

Cpoku hopMMpoBaHMA TePMUHANLHBIX HEBPOM: NOTEHLMaNbHbIE BhIABNAIM B cpeaHeM Ha cpoke 109,9 aHa (14-362) nocne
OrHecTpenbHoi TpaBMbl 1 Yepe3 98,2 ana (14—340) nocne onepaTMBHOro BMeLlatesbcTBa. ChopMUPOBaHHbIE TEPMUHANBHBIE
HEeBPOMbI BbIABNANM B cpeiHeM Ha cpoke 153,3 oHa (31-341) nocne orHecTpesibHOM TpaBMbl U yepe3 139,5 oHa (14-327)
nocne onepaTMBHOMO BMELLIATENbCTBA.

3aknoyeHune. YnbTpasByKkoBoe UccnefoBaHue ABnAeTcA IQHEKTUBHBIM METOL,0M BbIABIEHNA TEPMUHASBHBIX HEBPOM KaK Mo-
TeHLManbHoM NpuumHbl 60NEBOro CUHAPOMA Ha aMMYTUPOBaHHbIX KOHEYHOCTAX NPW OrHECTpenbHOM TpaeMe. [Ins amarHocTu-
KM TEpPMWHanbHbIX HEBPOM YNbTPA3BYKOBYH OWArHOCTUKY ClefyeT MpoBOAMTbL He paHee, 4yeM yepe3 31 AeHb OT MOMEHTa
0onepaTUBHOrO BMELLIATENLCTBA, MPU 3TOM HE0BX0AWM YNbTPa3ByKOBOM KOHTPOJIb B AMHAMMKE.

KnioueBble cnoBa: ynLTpa3ByKoBoe UCCNeA0BaHME; Nepudepuyeckne HepBbl; TepMUHaTbHAA HEBPOMA; MOBPEX AeHWe ne-
pUdEepuYecKoro HepBa; OrHeCTpesibHas TpaBMa.

Kak uutnpoBartb:
l'ymeposa 3.A., [lybposckux C.H., Tataputa A.B., CrenaHosa 10.A., Kopsirnna A.[l. YnbTpa3ByKoBas OLEHKa CTPYKTYPHbIX M3MeHeHI nepudepruyeckmx HepoB
KOHEYHOCTEl Noce ammyTauum npu orHecTpenbHoi TpasMe // Digital Diagnostics. T. 5, Ne S1. C. 43—46. DOI: https://doi.org/10.17816/DD626173

Pykonucb nonyyena: 28.01.2024 Pykonucb opno6peHa: 13.02.2024 Ony6numkoBaHa online: 30.06.2024
4

9KOe®BEKTOP CratbA goctynHa no nuuer3un CC BY-NC-ND 4.0 International
© 3Ko-BekTop, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/DD626173
https://doi.org/10.17816/DD626173
https://crossmark.crossref.org/dialog/?doi=10.17816/DD626173&domain=PDF&date_stamp=2024-07-03

b4

CONFERENCE PROCEEDINGS

CMUACOK JIATEPATYPbI

1. [enncos AB., baganos B.W., KpaiHiokos [1.E., u ap. Ctpyktypa v
XapaKTep CoBpeMeHHOM H0eBOI XMpypridecKoi TpasMsl // BoeHHo-
MeaMUMHCKII xypHan. 2021. T. 342, N° 9. C. 12-20. EDN: XGUMHF
doi: 10.52424/00269050_2021_342_9 12

2. MewkoB H.A. 3nugemmonorvs 6oeBoi naTofnorum B BOOpY-
JKEHHbIX KOHQMKTAX M MeAMLMHCKas peabunmntaumsa y4acTHUKOB
boesbix aencTBuiA // BecTHUK CMoMEHCKOM rocyjapcTBeHHoW Me-
IMUMHCKOW akapemun. 2022. T. 21, N2 4. C. 176-190. EDN: XZZINK
doi: 10.37903/vsgma.2022.4.25

3. JleBkuH BT, Jleukas 0.A. XapaKTepucTMKa WHBaNMLHOCTM
BCNEACTBME TPaBM W YBEYWIA, NONYYEHHbIX B Xofe CneLmansHom
BOEHHOI onepaLyy, U peabunuTaLmoHHsle Meponpuatus // Ouau-
yecKas 1 peabunutaumoHHas MeamumHa. 2022. T. 4, N° 4. C. 7-16.
EDN: EBRBUU doi: 10.26211/2658-4522-2022-4-4-7-16

4. Cycnses B, Wepbuna KK., CMmpHosa J1M,, 1 gp. Meanumh-
CKas TEXHOMIOrMsA PaHHEro BOCCTAHOB/IEHMA CMOCOBHOCTM K CaMo-
CTOATENBHOMY MEPEBMMIKEHMIO MOCE aMMyTaLMM HUMHEN KOHEY-
HocTn // BecTHuK Poccuiickoit BoeHHO-MeauUMHCKOM aKadeMun.
2019. N2 2(66). C. 101-109. EDN: HHFKUJ

5. Tonpaeka C.H., byako A.A., Matuenko B.B., l0amn B.E. Oco-
BEHHOCTV XMPYPrMYECcKO NOArOTOBKM KyfbTelN K NMPOTe3MpOoBaHMIO
// Bonpockl KypopTonoruu, ¢wu3svoTepanumu u nevebHon ¢usm-
yeckom KynbTypbl. 2021, T. 98, N° 3-2. C. 154-155. EDN: PGBYBZ
doi: 10.17116/kurort20219803221

6. borossneHckuin C.C. K Bonpocy o Tonorpao-aHaToMMyecKon
XapaKTEPUCTUKE TKAHEA aMNyTaLMOHHBLIX KyNbTeN KOHEYHOCTEM
// N3Bectna Poccuickoit BoeHHO-MeaMLMHCKOM aKagemun. 2022.
T. 41, N2 S2. C. 71-74. EDN: AUNCJY

DOI: https://doi.org/10.17816/DD626173

T.5,Ne ST, 2024

Digital Diagnostics

7. Xypbun E.A., TaneopoHckuin AW, [ekaH B.C., u gp. dmarHo-
CTYecKkas 3QdEKTUBHOCTb Y/bTPA3BYKOBOrO WMCCNeL0BaHWs Mpu
MNOBPEXAEHUAX nepudepryeckmx HepBoB // Poccuitckuin Hepoxm-
PYpPryecKkmia xypHan uM. npodeccopa AJl. MoneHosa. 2019. T. 11,
N 1. C. 23-29. EDN: CLJKKZ

8. Giray E, Atalay K.G,, Sirazi S., Alp M., Yagci |. An ultrasonographic
and electromyographic evaluation of jumping stump possibly due
to a neuroma in a patient with transradial amputation: A case
report // J Back Musculoskelet Rehabil. 2021. Vol. 34, N 1. P. 33-37.
doi: 10.3233/BMR-191645

9. Endo Y., Sivakumaran T, Lee S.C,, Lin B., Fufa D. Ultrasound
features of traumatic digital nerve injuries of the hand with surgical
confirmation // Skeletal Radiol. 2021. Vol. 50, N 9. P. 1791-1800.
doi: 10.1007/s00256-021-03731-w

10. Causeret A., Lapégue F., Bruneau B., et al. Painful Traumatic
Neuromas in Subcutaneous Fat: Visibility and Morphologic Features
With Ultrasound // J Ultrasound Med. 2019. Vol. 38, N 9. P. 2457-2467.
doi: 10.1002/jum.14944

11. Wijntjes J., Borchert A, van Alfen N. Nerve Ultrasound in
Traumatic and latrogenic Peripheral Nerve Injury // Diagnostics
(Basel). 2020. Vol. 11, N 1. P. 30. doi: 10.3390/diagnostics11010030
12. Aydemir K., Demir Y., Glzelkiicik U., Tezel K. Yilmaz B.
Ultrasound Findings of Young and Traumatic Amputees With Lower
Extremity Residual Limb Pain in Turkey // Am J Phys Med Rehabil.
2017. Vol. 96, N 8. P. 572-577. doi: 10.1097/PHM.0000000000000687
13. Holzgrefe R.E., Wagner E.R., Singer A.D., Daly C.A. Imaging of
the Peripheral Nerve: Concepts and Future Direction of Magnetic
Resonance Neurography and Ultrasound // J Hand Surg Am. 2019.
Vol. 44, N 12. P. 1066—-1079. doi: 10.1016/j.jhsa.2019.06.021

Ultrasound assessment of structural changes
in peripheral nerves of extremities after amputation

in case of gunshot injury
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ABSTRACT

BACKGROUND: Considering the large number of limb amputations in war-related gunshot wounds, early diagnosis of terminal
neuromas is important to provide appropriate limb replacement.

AIM: The aim of this study was to determine the feasibility of ultrasound in evaluating peripheral nerve endings and detecting
terminal neuromas in patients after limb amputation due to gunshot trauma.

MATERIALS AND METHODS: A total of 71 patients (men aged 20-57 years old) underwent ultrasound examination of
179 peripheral nerves. The examination was conducted according to standard technique using the ACUSON S2000 scanner
(Siemens Healthineers, Germany) with a linear transducer with a frequency of 7-17 MHz, after setting the program of
musculoskeletal examination. The cause of amputation was gunshot trauma. The duration of gunshot trauma ranged from
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11 to 362 days, while the period between surgical intervention and the examination ranged from 11 to 340 days. The indication
for the examination was pain in the limb stumps.

RESULTS: A comprehensive examination of 179 peripheral nerves revealed 149 injured endings that were subjected to further
evaluation. The distribution of lesion frequency revealed that the shoulder level was the most affected area in the upper
extremities, while the thigh was the most affected area in the lower extremities. Notably, lesions on the left side were more
prevalent in both cases. All observed changes in the endings were classified into three distinct groups: Group 1 (60%) comprised
structural changes without signs of terminal neuroma. Group 2 (25%) consisted of structural changes with terminal neuroma.
Group 3 (15%) included structural changes with potential (forming) terminal neuroma.

In the absence of a terminal neuroma, ultrasound findings may include thickening of the nerve ending with preserved fascicular
structure, decreased echogenicity, and increased vascularization of the nerve ending in color Doppler mapping.

The ultrasound findings suggestive of a potential terminal neuroma include the following: the same and the presence of
a globular hypoechogenic mass emanating from the nerve ending, the absence of differentiation into fasciculi in the mass,
the latter not occupying the entire cross-sectional area of the nerve ending, and the mass being avascular on color Doppler
mapping.

The ultrasound findings of a formed terminal neuroma include the following: a club-shaped or globular hypoechogenic mass
exceeding the cross-sectional area of the nerve proximally by 2 or more times, emanating from the nerve ending; absence of
differentiation into fasciculi in the formation; the formation occupying the entire cross-sectional area of the nerve ending and
being avascular in color Doppler mapping.

The timing of terminal neuroma formation was observed to occur on average 109.9 days (14-362) after gunshot trauma and
98.2 days (14-340) after surgical intervention. The formation of terminal neuromas was observed on average 153.3 days
(31-341) after gunshot trauma and 139.5 days (14-327) after surgical intervention.

CONCLUSIONS: Ultrasound examination is an effective method of detecting terminal neuromas as a potential cause of pain
syndrome in amputated limbs in gunshot trauma. It is recommended that ultrasound diagnosis of terminal neuromas be

performed no earlier than 31 days after surgical intervention, and that ultrasound monitoring in dynamics be conducted.

Keywords: ultrasound; peripheral nerves; terminal neuroma; peripheral nerve damage; gunshot injury.
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