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Abstract. Background. Up to 50—80 % of military service members suffer from postamputation pain. Residual
limb pain significantly postpones prosthetic surgery, recovery, employability, negatively impacts rehabilitation
and military duty performance. The purpose was to study residual limb pain types in military personnel after
traumatic amputation and efficacy of methods for their treatment. Materials and methods. A randomized cross-
sectional study was performed of 231 military service members with residual limb pain after combat traumatic
amputation, who underwent surgical treatment in tertiary and quaternary level military medical center between
2022 and 2024 amid full-scale war. Results. Somatic residual limb pain was observed in 36.36 % of enrolled
patients, which was mainly caused by heterotopic ossification (30.74 %). 41.13 % of amputees experienced
neuropathic pain due to neuromas. Pain syndrome in 22.51 % of patients resulted from both somatic causes and
neuromas. Prosthesis-associated pain as a type of somatic pain was observed in 17.32 % of individuals. This
study found that the persistence or recurrence of neuropathic pain among patients from the group of lidocaine-
alcohol injection for painful neuromas was significantly lower (Po. = 0.013) at 6-month follow-up compared to
the simple neuroma resection group. During 3 months after regenerative peripheral nerve interface, which was
performed for 25 terminal neuromas, no pain recurrence was observed. Conclusions. It is important to assume
the presence of one or both pain types in a patient with residual limb pain: somatic and/or neuropathic. Simple
neuroma resections lead to an undesirably high reoperation rate — 21.79 * 4.86 % of persistent painful neuromas.
Lidocaine-alcohol injections are sufficiently simple and effective (8.70 + 3.26 % of reinjections) in the treatment
of neuropathic pain caused by terminal neuromas. Regenerative peripheral nerve interface is promising in the
treatment and prevention of symptomatic neuroma.
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Introduction

Postamputation pain is very common among patients
with limb amputation, but still represents a complex clini-
cal problem. This complexity is caused by both diversity

According to the literature, from 50 to 80 % of them suffer
from chronic pain. In particular, residual limb pain persists
for 50 % of Vietnam war veterans with amputations and 63 %
of OIF/OEF survey participants [2].

and combination of pathogenetic mechanisms of combat
trauma.

Chronic postamputation pain severely impacts the qua-
lity of life of thousands of wounded service members. Ac-
cording to the United States, 1,573 wounded American
soldiers underwent amputations between 2001 and 2013 [1].

Residual limb pain is one of the types of postamputa-
tion pain, also known as stump pain, which is localized in
the preserved part of the limb following amputation [3, 4].
Stump pain significantly postpones prosthetics, leads to un-
successful rehabilitation of the patient, impedes restoration
of his employability and military duty performance.
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Pathogenetic causes of residual limb pain can be neuro-
mas, nerve damage, heterotopic ossification, osteophytes,
sympathetic dystrophy, causalgia, muscle-tonic syndrome,
complex regional pain syndrome, nociceptive, neuropathic,
inflammatory, ischemic, arthrogenic, vertebrogenic, pros-
thetics-associated mechanisms, adhesive scar tissue, excess
or deficiency of stump soft tissues.

We divide residual limb pain into 2 main types: somatic
and neuropathic, based on Buchheit et al. research [5].

The purpose was to study residual limb pain types in
military personnel after traumatic amputation and efficacy
of methods for their treatment.

Materials and methods

A randomized cross-sectional study was conducted. The
participants were 231 servicemen amputees with residual
limb pain following gunshot wounds, combat injuries and
underwent surgical treatment at the Military Medical Clini-
cal Center of the Western Region during the enrollment pe-
riod between 2022 and 2024. The average age of patients is
36.13 £ 8.64 years. All subjects were male.

Patients underwent general clinical and neurological
examinations. The average pain intensity in the residual limb
was assessed with Defense Veterans Pain Rating Scale, 2010
and initially was 8.41 & 3.63 [6]. Amputees with mild stump
pain that did not require surgical or injection treatment,
other types of neuropathic pain — neuralgia, causalgia, com-
plex regional pain syndrome, and the presence of isolated
phantom pain and phantom sensations were excluded.

X-ray of a stump can determine presence and progres-
sion of osteophytes, identify the excess or deficiency of soft
tissues, and diagnose a false stump.

The neuropathic pain was diagnosed with neurologi-
cal examination and the Leeds Assessment of Neuropathic
Symptoms and Signs questionnaire, M. Bennett, 2001 (posi-
tive response criterion > 12 points).

Ultrasound exam of the stump is the main method to di-
agnose and localize terminal neuromas of peripheral nerves,
their relationship to soft and bone tissues, involvement in
scar tissue, allows to verify the condition of soft tissues, the
presence of inflammatory changes, etc. In addition, it is a
control tool while neuroma injection is conducted.

Statistical analysis was performed using Microsoft Excel,
2021. The following statistical methods were used: calcula-
tion of non-parametric data with Pearson’s y? test and Stu-
dent test for four-field tables with 95% CI (P-value < 0.05).

Results

Somatic residual limb pain was diagnosed in 36.36 % of
patients of the sample. 41.13 % of patients had neuropathic
pain in the residual limb. Combined pain which was caused
by both somatic and neuropathic mechanisms was observed
in 22.51 % of amputees (Fig. 1).

Heterotopic ossification was the most frequent cause of
somatic residual limb pain among the participants (30.74 %)
(Fig. 2). This result justifies the routine appointment of am-
putated stump X-ray when somatic pain type is diagnosed.

Prosthesis-associated pain, as a type of somatic pain, was
observed in 17.32 % of enrolled individuals.

Combined pain

Neuropathic pain

Somatic pain

Figure 1. Structure of residual limb pain types
among military service members following traumatic
amputation, %
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Figure 2. Distribution of causes of somatic pain
among military service members following traumatic
amputation, %

Table 1. Frequency of surgical interventions
for various residual limb pain types among military
service members following traumatic amputation
performed in 2022-2024, %

Surgical interventions P, %

Simple neuroma resection 52.38
Resection of heterotopic ossification 30.74
Stump remodeling due to soft tissue excess

- 16.88
or deficiency
Lidocaine-alcohol injection 13.85
Reamputation 5.19
Surgery due to infectious and inflammatory 4.76
complications )
RPNI 3.90

Primary simple neuroma resections were performed for 280
painful neuromas of 121 patients (Table 1). Depending on severity;,
one patient of this group underwent resection of 1 to 4 terminal
neuromas of peripheral nerves, on average 2.31 (1.26) neuromas.
Sensitized neuroma persisted in 21.79 % 4.86 % of cases (Fig. 3).
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Figure 3. Distribution of painful neuroma recurrence
after simple neuroma resection
and lidocaine-alcohol injection of neuroma
after 3—6 months, %

Note: * — Pa< 0.05.

Lidocaine-alcohol injections were performed for 69 pain-
ful neuromas of 32 patients. There were 43 primary injections,
26 injections were secondary to pain recurrence after neuroma
resection. On average one patient of this group underwent
lidocaine-alcohol injections of 2.12 (1.05) neuromas. 8.70 +
+ 3.26 % of painful neuroma cases required repeated lidocaine-
alcohol injections (Fig. 3). Pain level in this group dropped to
2.32 + 1.04 points in 3 months following the procedure.

The study established that neuropathic pain persistence
or recurrence among patients who had underwent lidocaine-
alcohol injections of painful neuromas was significantly low-
er (Pa (3, df = 1) = 0.013, Pa (t, df = 347) = 0.015) during
6 months of follow-up, compared with the group of simple
neuroma resections.

Regenerative peripheral nerve interface (RPNI) was per-
formed while resecting 25 terminal neuromas, on average 2.7
(0.97) neuromas per operation. During 3 months of follow-
up, no significant pain recurrence was observed in amputees,
pain rated 1.9 £ 0.4 points.

Resections of heterotopic ossification were performed in
30.74 % of patients. Recurrence rate was 5.63 £ 2.63 % of cases.

Discussion

Treatment of persistent residual limb pain with known
analgesic agents does not demonstrate satisfactory effective-
ness in practice [7]. It creates conditions for active research
for preventive treatment strategies.

Based on available evidence, local injection therapy
demonstrates efficacy in the treatment of residual limb pain
caused by neuromas, mainly due to the significant periphe-
ral pathogenesis of this pain type. When injected around a
nerve, alcohol causes chemical neurolysis by dehydration,
necrosis, denaturation of proteins, leading to Wallerian de-
generation and inhibition of neurotransmission [8]. There
are no large, controlled studies on the use of alcohol chemi-
cal denervation for symptomatic neuromas among ampu-
tees. Local neuroma blocks with lidocaine and corticoste-
roids often provide immediate relief, however the duration
of pain relief is short-term [9]. Thus, there is an active area
of research to prolongate the analgesic effect.

According to the available evidence, 77 % of patients af-
ter symptomatic neuroma resection demonstrate pain relief
and improvement of quality of life, regardless of an excision
method. Despite initial successful results, 20—30 % of neu-
romas remain refractory to surgical treatment [10, 11].

Widely performed technique of simple neuroma resec-
tion with retraction of a nerve and implantation of a nerve
stump into adjacent muscle spaces is aimed to create a peri-
neural surrounding that will protect a future neuroma from
external mechanical stimuli. However, after such operations,
which do not prevent secondary neuromas, a high reopera-
tion rate is observed and is up to 65 % [10, 12].

The up-to-date prophylactic surgery for painful neu-
romas, RPNI, was originally developed to amplify a nerve
signal from the amputated limb to the neuroprosthesis [13].
According to this method, an autologous free muscle graft is
wrapped around the terminal nerve stump, therefore, pre-
venting the formation of painful neuroma [14, 15].

This study underlines prosthesis-associated pain among other
causes of somatic residual limb pain type in order to optimize
treatment management, as it requires improvement of a prosthe-
sis and rehabilitation process. Such patients should be prescribed
anti-inflammatory drugs and physiotherapeutic treatment.

Conclusions

It is important to assume the presence of either one or both
pain types in a patient with residual limb pain: somatic and/or
neuropathic, in order to select the precise examination and treat-
ment. Furthermore, according to the results of this randomized
study, the number of amputees with neuropathic pain prevails,
and most of them meet diagnostic criteria for neuromas.

Based on the available evidence and the results of
our study, simple neuroma resection leads to an unde-
sirably high reoperation rate. Thus, amputees with mild
or moderate pain are recommended to undergo local
lidocaine-alcohol injection for painful neuromas. We
recommend performing preventive surgical treatment —
RPNI for patients complaining of severe and persistent
neuropathic pain.
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BivicbKOBO-MEAMYHNI KAIHIYHU LLeHTP 3aXiAHOro perioHy, M. /AbBiB, YkpaiHa

ANiKYBOHHS$ Pi3HUX TUMIB NOCTAMMNYTALIMHOIO GOAIO B PE3UAYCOAbHIN KiHLBL
B YMOBOX NMOBHOMCICLUTOGHOI BiHU

Pesiome. Akmyaavnicmp. Ha nocrammyraniitHuii 6i1b cTpaxkaaoThb
Bin 50 1o 80 % BilicbKOBOCITY:KOOBIIiB. BOIBOBHIT CHHAPOM Y KYKCi
€ BaroMuM (HakTopoM BinTepMiHYBaHHsI MIPOTE3yBaHHsI, HEIOCTAT-
HbO epeKTUBHOI peabiiTallii nalieHTa, 3aTPUMKHU BiTHOBJICHHS
1ioro mpaue3naTHOCTI i MOBEpPHEHHS 10 BUKOHAHHS CITy>KOOBUX
000B’s13KiB. Mema: BUBYMTY TUITN TOCTAMITyTaLliiHOrO 0OJIIO B
KYKCi cepe1 BiliCbKOBOCTY>KOOBLIiB ITiC/IsI TPaBMAaTUIHOI aMITyTallii Ta
eeKTUBHICTh METOIB iX JiKyBaHHs. Mamepiaau ma memoou. I1po-
BeJIECHO PaHIOMi30BaHe KPOc-CeKIliiiHe TocikeHHs 23 1 BilicbKOBO-
CITy>KOOBIIST 3 GOJILOBUM CUHIIPOMOM Y Pe3UAyaTbHill KiHIIiBII TTiCIIsT
aMITyTalliil BHACJIIOK BOrHEIaIbHUX ITOpaHEeHb, 00MOBUX TPaBM, SIKi
MPOXOIWIN XipypridHe JIiKyBaHHSI Y BilICbKOBO-MEIMUYHOMY KJTiHiU-
Homy teHTpi -1V piBHst Biiponosx 2022—2024 pokiB B yMOBax Io-
BHOMACIITaOHOI BiliHU. Pe3yabmamu. Y 36,36 % nalitieHTiB BUGIpKU
CIIOCTEPiraBcsi COMaTUYHUI OiTb Y KyKCi, OCHOBHOIO TIPUUMHOIO SIKO-
ro Oysa reteporomniuHa ocudikariist (30,74 %). 41,13 % ammyTaHTiB
MaJTi HeUPOTIATMYHUI TUTT GOJTIO BHACTIIOK HeBpoM. Y 22,51 % ma-
IiEHTIB OOJILOBUIA CHHIPOM OyB BUKITUKAHUIA SIK COMAaTUIHUMU TTPU-
YMHAMM, TaK i HeBpoMaMu. [1poTe3-acoliliioBaHMii OiTb SIK Pi3HOBUI
COMATMYHOTO THITY BUsIBIeHUI y 17,32 % ocib. Y pe3ynasrati 1boro

JIOCJTIKEHHST BCTAHOBJIEHO, 1110 TIEPCUCTEHLLiSI UM PeLIUINB Helpo-
TIAaTUIHOTO OOJTIO Cepe]l TAIiEHTIB TPYITH, sSIKiil TIPOBOIVIIN JIiTOKATH-
AJIKOTOJIbHY iH’€KIIiI0 00MI0UnX HeBpoM, BiporinHo Hok4i (Pa = 0,013)
yepe3 6 MiCALIB CITOCTEPEXKEHHSI TIOPIBHSHO 3 IPYIIOIO ITCIIST IIPOCTUX
pe3exiiit HeBpoM. Yepes 3 micsiii ricsist hopMyBaHHSI pereHepaTUBHO-
ro niepudepruaHoro HeBpaibHOTO iHTEpdeiicy (RPNI), Bukonanoro
MpU pe3eKiii 25 TepMiHATbHUX HEBPOM, PELIUIMBY 3HAYYILIOTO OO0
He criocTtepiranock. BucHogku. BaximBo MpUITycKaTH y XBOPOTO 3
00JIeM y KyKCi HasiBHICTb OTHOTO Y1 000X THUIIiB OOJTI0: COMaTUIHOTO
i/abo HetiporatiaHoro. [1pocTi pe3exiiii HeBpOM MPU3BOISATH JI0 He-
GakaHO BUCOKOTO PiBHSI TOBTOPHUX onepattiii — 21,79 + 4,86 % criii-
KUX OOJTIOYMX HEBPOM. 3 METOIO JIIKyBaHHSI HEMPOIMaTUYHOTO OO0,
BUKJIMKAHOTO TePMiHAJIbHUMU HEBPOMAaMHU, JIiOKaiH-aJIKOTOJIbHi
iH’eK1Iii mocTaTHbO TpocTi Ta edekTrBHi (8,70 + 3,26 % MOBTOPHUX
BTpy4YaHb). [IepcniekTrBHOIO € MeToarKa RPNI m1st mikyBaHHS i rpo-
(hiTaKTUKKX CUMIITOMHUX HEBPOM.

Ki040Bi cjioBa: nocramnyrauiitnuii 6isib; 6i1b y pe3uayatbHiit
KIiHIIIBIIi; OUTh Y KYKCi; CHMIITOMHA HEBPOMa; TE€TEPOTOTTIIYHA OCH -
(ikalris; pe3ekiis HeBpoM; JIifoKaiH-aJaKorojbHa iH’exiisi; RPNI;
MpoTe3-acolliioBaHUil Oilb
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