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CURRENT STATE OF KNOWLEDGE REGARDING LOWER LIMB
AMPUTATIONS: NEW ADVANCES IN SURGERY

Abstract. Against the background of the growing number of local and
international armed conflicts, in particular the full-scale war in Ukraine, cases of severe
Injuries accompanied by traumatic loss of lower limbs are increasingly being recorded.
In peacetime, the main causes of amputations were vascular pathologies, diabetes
mellitus and malignant neoplasms, however, combat trauma is now becoming
increasingly important. Amputation of the lower limb, regardless of etiology, is a
surgical intervention with a high risk of complications, significant functional
consequences and the need for complex rehabilitation. In this context, it is extremely
relevant to study the current state of knowledge in the field of amputation surgery, in
particular regarding the latest techniques, predicting complications and ensuring the
quality of life of patients. The aim of the study is to summarize current scientific
information on surgical approaches to lower limb amputations, associated
complications and prospects for improving the quality of life of patients. Materials and
methods. To achieve the goal, a systematic review of publications in leading
scientometric databases (PubMed, Scopus, Web of Science) over the past 10 years was
conducted. The review covered studies devoted to surgical techniques, reconstructive
technologies, postoperative complications and social adaptation of persons with
amputated limbs. Results of the study. Today, considerable attention is paid to the use
of gentle amputation techniques taking into account the preservation of the functional
capabilities of the hip and knee joints, which significantly facilitates future prosthetics.
The latest surgical strategies are being implemented in practice, such as targeted
muscle reinnervation, osseointegrated prostheses, bioelectric control and 3D printing
of individual components. At the same time, the frequency of complications such as
phantom pain, soft tissue infections, stump healing disorders, depression and post-
traumatic conditions remains high. The quality of life after amputation largely depends
on access to modern prosthetics, early initiation of physical rehabilitation,
psychological support, and social integration. Conclusion. Modern amputation surgery
Is rapidly evolving due to the introduction of technological innovations and
interdisciplinary approaches. Effective postoperative management and comprehensive
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rehabilitation are key factors in reducing disability and improving the quality of life of
patients.

Keywords: reconstructive interventions, prosthetic and orthopedic
rehabilitation, postoperative complications, innovative approaches in traumatology,
quality of life after surgery.
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AKTYAJIbHUI CTAH 3HAHb CTOCOBHO AMHYTAJ.[IfI HUKHIX
KIHIOIBOK: HOBI 3/IOBYTKHU XIPYPI'Il

Amnotanisi. Ha 1111 3pocTanHs KUTBKOCTI JIOKATbHUX Ta Mi>KHAPOTHUX 30POMHHIX
KOH(TIKTIB, 30KpeMa IMOBHOMACINTAOHOT BIMHM B YKpaiHi, yce dacrime (GpiKCyrThCs
BUIAQJIKW BOXXKUX MTOPaHEHb, IO CYMPOBOKYIOTHCS TPABMATUYHOKO BTPATOIO HIDKHIX
KIHI[IBOK. ¥ MUPHHUI YaC OCHOBHUMU NPUYUHAMU aMITyTalli OyJiv Cy IMHHI aTOJIOT 11,
IyKPOBHUI J11a0€T 1 37I05KICHI HOBOYTBOPEHHS, OJTHAK HUHI JIe/1ajli OUIBIIIOr0 3HAYSHHS
HaOyBae OoioBa TpaBMa. AMIyTallis HIKHBOIT KIHIIIBKH, HE3aJICKHO B1J €TIOJOrIi, €
XIpypriyHuM BTPYYaHHSM 13 BHCOKMM PHU3UKOM YCKJIaJHEHb, 3HAYHUMU
GyHKIIIOHATPHUMHU HACTIIKAaMUA Ta TOTPe0OI0 B CKIAMHIA peabimitamii. Y mbomy
KOHTEKCTI HaJ3BUYAITHO aKTyaJhbHUM € BUBUYEHHS CyYaCHOTO CTaHy 3HaHb y cdepi
XIpyprii amIyTalii, 30kpemMa 1010 HOBITHIX TEXHIK, IIPOrHO3YBaHHS YCKJIagHCHb Ta
3a0€3MeYeHHs] SKOCTI JKUTTA Talll€eHTiB. MeTOr IOCHIIKeHHS € Yy3araJbHEHHS
aKTyaJhbHOI HAyKOBOI iH(oOpMAIlii Mpo XIPypriuHi MiAXOAU 0 aMITyTallid HIDKHIX
KIHITIBOK, ITOB’sI3aH1 3 HUMH YCKJIQJIHCHHS Ta MEPCIEKTUBHU MOKPAICHHS SKOCT1 )KUTTS
namieHTiB. Martepianu Ta Metoam. J[ma gocAarHeHHs MeTH OyJio MIPOBEICHO
CUCTEMATUYHUH OTJIA MyOiKamii y mMpoBigHMX HaykoMmeTpuuHux Oaszax (PubMed,
Scopus, Web of Science) 3a ocranni 10 pokiB. Orisii OXONUB AOCIIKSHHS, TTPUCBS-
YeHl XIPpyprivHUM METOJMKaM, PEKOHCTPYKTUBHUM TEXHOJIOT1SAM, IiCIISIONepaliiHuM
YCKJIQTHEHHSIM Ta COIllajbHIM ajnanTailii oci0 3 aMIyTOBaHUMU KiHI[IBKaMu. Pe3yiib-
TaTU AOCTipKkeHHs . Ha cboro/iHi 3HaYHAa yBara mpuIiaseThCs BAKOPUCTAHHIO MATHUX
TEeXHIK aMmIyTalii 3 ypaxyBaHHSAM 30epeKeHHS (QYHKIIOHATBHUX MOXKIMBOCTEH
KYJBIII Ta KOJIHHOI'O Cyrjo0a, IO ICTOTHO IOJICTIIYE MalOyTHE MpOTe3yBaHHSI. Y
MPaKTUKY BIIPOBAKYIOTHCS HOBITHI XIPYpriuHi CTpaTerii, Takl sIK TapreTHa M’ s30Ba
peIHHEpBaIlisg, OCTEOIHTErpOBaHI IMPOTE3H, OloeIeKTpHYHE KepyBaHHS Ta 3D-nmpyk
IHIWBIAyaJIbHUX KOMIIOHEHTIB. BoaHOYac 3anuiiaeTbcsi BUCOKOK) YacTOTAa TaKUX
YCKJIaJIHeHb, SIK (aHTOMHI 00Ji, 1H(EeKii M’SIKUX TKaHWH, MOPYIICHHS 3arOo€HHS
KYKCH, JIEIIPECis Ta MOCTTPaBMaTUYHI CTaHU. SIKICTh XKUTTS MICI aMIyTallli 3HAYHOO
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MIpOIO 3aJICKHUTh BiJ JOCTYMy 10 CyYacCHOTO MPOTE3YBaHHS, PAHHBOTO IOYATKY
¢i3uyHOl pealbimiTamii, ICHXOJIOTIYHOT MIATPUMKHA Ta COIIladbHOI 1HTErparii.
BucnoBok. CyuacHa xipyprisi amnyTaiiii JeMOHCTPY€E HIBUJIKUN PO3BUTOK 3aBISKU
BIIPOBA/PKCHHIO TEXHOJOTIYHMX 1HHOBAIll Ta MUKIUCUUILUIIHAPHUX TM1IXOIIB.
EdextuBHe micnmsornepaliiiiie BeJICHHS Ta KOMIUIEKCHA peadimiTallis € KIHOYOBUMU
(dbakTOpaMu 3HIKECHHS 1HBAJIIIM3alll] Ta TTOKPAICHHS SIKOCTI KHUTTS MaIIEHTIB.

KiaouoBi cjoBa: pEeKOHCTPYKTHBHI BTPYYaHHS, MPOTE3HO-OPTOMEINIHA
peabimiTaris, Mmcasonepaliiii YCKIaJHEHHs, IHHOBAIHI MiAX0I1 B TPaBMaTOJIOTI],
SIKICTh JKUTTS TICISL XIpypriyHOTO BTPYyYaHHS.

Statement of the problem. Lower limb amputation remains a major global
health problem, with a variety of causes, including complications of diabetes, vascular
disease, trauma, and combat injuries. The prevalence of diabetes-related amputations
has continued to increase over the past decade. According to a systematic review and
meta-analysis conducted in 2010-2020, the global annual incidence of diabetes-related
amputations is approximately 8.2 cases per 100,000 population, with the highest rates
in Southeast Asia and Africa. The significant decline in amputation rates in countries
with developed health systems is attributed to improvements in diabetes prevention and
control [1].

In the European Union, there has been a gradual decline in the lower limb
amputation rate over the period 1990-2017. In more than 15 EU countries, the average
rate ranged from 12 to 15 cases per 100,000 population in the early 1990s and has
decreased to 8 to 10 cases per 100,000 population in recent years. These positive
changes are associated with improvements in vascular surgery, early detection and
treatment of ischemic lower limb disease [2].

Canada shows a stable incidence of lower limb amputations at 15 cases per
100,000 population per year. However, mortality in patients after amputation remains
high — about 20% during the first year after surgery. There is also considerable
variability in the causes of amputation, including diabetic complications, vascular
diseases and trauma [3].

Traumatic amputations associated with combat, natural disasters, and road
traffic accidents constitute a significant share of the global health burden. It is estimated
that more than 120,000 cases of traumatic lower limb amputations were recorded in
2020 in 204 countries, with the highest prevalence in regions with conflict and low
levels of medical care [4].

Military injuries of the lower limbs from explosive devices are particularly
dangerous due to the complexity of the lesions, which combine mechanical damage to
bones, soft tissues, and blood vessels. The characteristics of such injuries indicate a
high risk of infectious complications and the need for complex reconstructive surgeries,
which significantly complicates the recovery process of patients [5]. Analysis of
civilian cases of trauma caused by terrorist bombings during the period 1970-2016 also
confirms the trend of increasing number of severe amputations with multisystem lesions,
requiring the use of innovative surgical approaches and rehabilitation programs [6].
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Thus, modern surgery of lower limb amputations is developing under the
influence of both chronic diseases and acute traumatic injuries. Improvements in surgical
techniques, early diagnosis and multidisciplinary approach to treatment contribute to
reducing the incidence of complications and improving the quality of life of patients.

The aim of the study is to summarize current scientific information on surgical
approaches to lower limb amputations, their complications, and their impact on
patients' quality of life, taking into account the latest advances in the field of surgery.

Research objects and methods. An analysis of scientific publications devoted
to modern surgical approaches to lower limb amputations was carried out, with an
emphasis on the latest techniques, postoperative complications and restoration of
patients' quality of life. The main criterion for selecting literature sources was the date
of publication no later than 15 years ago. Searches were carried out using the Google
Scholar database. Of the 43 identified sources, 20 were selected for a systematic
review. The process of organizing and selecting sources was carried out in accordance
with international requirements for creating review publications using the PRISMA
methodology and the PRISMA flowchart to clearly demonstrate the sequence of
inclusion of materials [7].

Idertification of new studies via databases and registers

= Records removed before screening:
= Records identified from: Duplicate records (n=0)
;E Databases (n=43) # Records marked as ineligible by automation
E Registers (n=10) toals (n=0)
= Records removed for other reasons (n = 0)
Records screened Records excluded
(n=43) n=10)
o i
= Reports sought for retrieval Reports not retrieved
o (n=43) (n=0)
@
/
Reports assessed for eligibility Reports excluded:
(n=43) Reason (n=23)
Mew studies included in review
g (n = 20)
—3 Reports of new included studies
i in=0)

Fig. 1. The PRISMA flow diagram of literary sources search results.

1742




Kypnan «[lepcieKkTHBU Ta iHHOBaLil HAYKU»
(Cepis «Ilemarorika», Cepis «Ilcuxoiorisi», Cepist «MeauuHa»)
Ne 7(53) 2025

Presentation of the main material.

Research results and their discussion. Lower limb amputation is one of the
most serious surgical procedures performed when limb preservation is impossible or
life-threatening. More than a million amputations are performed worldwide each year,
and the number is increasing. The most common causes are diabetes mellitus,
atherosclerosis, critical limb ischemia, trauma, and complications after infections.
According to clinical analysis, critical limb ischemia and diabetic angiopathy are the
leading factors leading to the need for amputation, accounting for more than 60% of
all cases. Most amputations occur in men over 60 years of age, and more than 26% of
patients experience postoperative complications, the most common of which are soft
tissue infections, stump healing disorders, necrosis, and thrombosis [8].

Postoperative mortality in patients with lower limb amputation remains high. A
meta-analysis of more than 40 studies involving more than 5000 patients showed that
the 1-year mortality after major amputation is approximately 22%, the 3-year mortality
is 43%, and the 5-year mortality is almost 48%. The most important factors that
increase the risk of mortality are considered to be advanced age, the presence of
coronary heart disease, impaired renal function, previous vascular interventions, and
high level of amputation (above the knee). Patients with transfemoral amputation have
a significantly lower chance of survival and functional rehabilitation than those with
amputation at the level of the lower leg [9].

Despite the complexity of the clinical situation, positive dynamics in treatment
outcomes have been observed over the past decade. The development of vascular
surgery, the active implementation of endovascular technologies, a multidisciplinary
approach to patient management, and standardized rehabilitation protocols have
contributed to a decrease in the level of disability and an improvement in the functional
prognosis. In one prospective study, the five-year survival rate after amputation was
55-60% in clinics that implemented modern approaches to care [10].

One of the most pressing issues is the prevention of postoperative complications
and rehospitalization. The rate of unplanned readmissions to the hospital after lower
limb amputation reaches 30%, and in 12% of cases, patients require repeated surgical
intervention due to infections or impaired stump healing. The main predictors of
complications are the presence of chronic obstructive pulmonary disease, anemia,
chronic renal failure, obesity, and the lack of adequate support in the outpatient period [11].

The intensive development of surgical technologies in recent years has led to the
emergence of new surgical techniques that improve functional outcomes. One of these
Is targeted muscle reinnervation, which reduces phantom pain and creates a more
controlled base for prosthetics. Another modern technology, osseointegration, consists
in implanting a metal pin into the femur or tibia, which provides a direct connection to
the prosthesis. This approach avoids rubbing of the stump, improves sensory feedback
and promotes faster rehabilitation [12].

International clinical guidelines state that preparation for amputation, surgery
and postoperative care should be based on interdisciplinary cooperation. Optimal
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treatment includes assessment of functional potential, adaptation of the stump to
prosthetics, psychological preparation of the patient and training in self-care
techniques. One of the important elements of patient management is the prevention of
contractures, physical therapy, formation of a stable stump and psychological
adaptation [13].

A 15-year analysis of trends in the US Medicare system shows a steady decrease
in the number of amputations in patients with critical lower limb ischemia. This was
facilitated by preventive programs, increased public awareness of risk factors, timely
diagnosis of vascular diseases, and the availability of endovascular procedures [14].

3D technologies play a special role in modern surgery. Personalized 3D-printed
implants and orthopedic components are actively used in complex cases of stump
reconstruction after traumatic amputations. 3D printing allows you to model implants
taking into account the individual anatomy of the patient, increasing the accuracy of
the fit and reducing the risk of rejection. This approach contributes not only to physical
recovery, but also to improving the aesthetic and functional characteristics of the
prosthesis [15, 16].

Quality of life after amputation is a multifaceted category that depends on both
medical factors and social, psychological, and economic conditions. Clinical studies
have shown that up to 60% of patients experience significant reductions in physical
activity, difficulties with self-care, and dependence on outside help. However, those
who had access to modern rehabilitation programs, high-quality prostheses, and
psychological support demonstrated significant improvements in functional capacity
within 6-12 months after amputation [17].

Quality of life is also influenced by a number of non-clinical factors. The main
social determinants include education, financial status, access to health services, family
support and social adjustment. A systematic review has shown that patients with lower
socioeconomic status are more likely to experience limitations in daily activities,
depression and isolation [18, 19]. A study conducted in the West of Scotland found
that socioeconomic deprivation significantly reduces mobility, social participation and
subjective well-being among lower limb amputees. Patients with higher living
standards were more likely to receive modern prostheses, be able to engage in physical
activity and return to work [20].

Conclusions. Modern approaches to lower limb amputation surgery demonstrate
significant progress through the introduction of minimally invasive techniques,
reconstructive interventions, and integrated prosthetic technologies. At the same time,
the problem of complications after amputations, including phantom pain, infections,
and psychoemotional disorders, remains relevant. Comprehensive postoperative
management, multidisciplinary rehabilitation, and access to modern prosthetics are key
factors in improving the quality of life of patients. Further research should focus on
personalized treatment approaches and long-term recovery outcomes.
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