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REHABILITATION AFTER LOWER LIMB AMPUTATION:
BETWEEN FUNCTIONAL RECOVERY AND QUALITY OF LIFE

Abstract. Below knee amputation is a big operation with far-reaching effects on
the physical, psychological and social life of the patient. The most common reasons for
an amputation are vascular disease, diabetes complications and traumatic injuries. In
worldwide epidemiological research amputation rates scored highly with wide
differences according to the country and access of medical service. For instance, one
rate of 22.5 cases/100 000 per year was reported in Canada, with predomination in
males over the age group of 65 years. The rate of amputation among American Indians
is also three times the U.S. average. The use of procedures is extremely variable in
European and Asian countries, with the highest rates being found for UK and the lowest
for Japan. In the United States, hospitalization rates for non-traumatic amputation of a
lower extremity decreased by over 50% from 1988 to 2008. In Germany and Italy also,
prevalence of amputations among the elderly patients with complicated diabetes or
PAD is very high. Objective: To review the scientific research regarding physical
therapy of individuals with lower limb amputation. Materials and methods. A literature
search was performed in the Scopus, PubMed and Google Scholar databases with
search terms related to rehabilitation after LLA. Different dimensions of
postamputation rehabilitation — physical, psychosocial, and emotional recovery — are
useful for patients to start prior to surgery. Early physiotherapy, choice of prosthesis
and psychological therapy are important in the rehabilitation process. End, virtual
rehabilitation electrostimulation, mirror therapy and hydrotherapy have been
demonstrated effective particularly in various stages of treatment. In the elderly,
multidisciplinary treatment in conjunction with the individualization of loads and
recovery phases with a slow progression can enhance success. It has been demonstrated
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that even patients older than 80 years can achieve functional recovery by appropriate
treatment. Already 3 months post-rehabilitation there are signs of positive quality of
life development, particularly with sustenance support. Early rehabilitation cuts annual
mortality by 30% and increases the likelihood of successful prosthetic adaptation.
Current guidelines are towards the use of biomechanical analysis, psychological
counselling and incorporating nurses in patient daily care. Therefore, the rehabilitation
of a patient with lower extremity amputation requires holistic management program
with an early onset program, multidisciplinary involvement and customized programs.
In this way not only functional capacities are recovered, but also quality of life and
social integration can be enhanced in these patients.

Keywords: lower limb amputation, physical rehabilitation, prosthetics,
functional recovery, quality of life, postoperative adaptation, orthopedic care.
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PEABLJIITALIS HICJS AMITYTALIL HUJKHIX KIHIIBOK: MIXK
OYHKIIOHAJIBHUM BITHOBJIEHHAM I AKICTIO ) KUTTA

AHoTamisg. AMITyTallisi HI>KY€ KOJIIHA — 11€ BEJIMKA omeparlisi 3 JaleKOCS)KHUM
BIUTUBOM Ha (hi3WUYHE, MCHXOJIOTIYHE Ta COIlialbHE XUTTS mMmaiieHta. Haimommupe-
HIITUMU TPUIMHAME aMITyTallii € Cy/JIMHHI 3aXBOPIOBAHHS, YCKIQTHEHHS Mia0eTy Ta
TpaBMaTHYHI YIIKOKEHHS. Y CBITOBUX €IMAECMIOIOTTUYHUX JOCTIIKEHHIX TTOKa3HUKH
aMITyTaIlli OTpuMajn pe3yabTaTH 3 3HAYHUMHU BIIMIHHOCTSIMH 3aJICKHO BiJl KpaiHU Ta
nocTyny 1o MenuuHux nocayr. Hanpuknan, B Kanasni Oysio 3apeecTpoBaHO MOKa3HUK
y 22,5 Bunankis/100 000 Ha pik, 3 IepeBaroro y 4oJoBikiB crapiie 65 pokis. [lokazHuk
aMITyTallii cepej] aMepUKaHChKUX 1HI1aHIIB YTPUYl MEPEBUIIYE CEPEAHIN MOKA3ZHUK 110
CIIA. BukopucrtanHs nporeayp HaJI3BHYalHO BapiaOelibHE B €BPOINEUCHKUX Ta
a3iiChbKUX KpaiHaxX, MPUYOMY HAWBHIII TMOKA3HUKHU CIIOCTEPIraloThecsi y Bemmkiii
bpuranii, a Haiitnmwkui — y Anonii. ¥ Cnonyyenux lItaTtax mokazHuKM rocmitaiizamii
3 MPUBOJY HETPABMATUYHOI aMITyTallii HIPKHBOI KIHIIIBKY 3HU3UIUCS OUIBII HIK Ha
50% 3 1988 mo 2008 pik. Y Himeuuuni Ta ITanii Takox NOMUPEHICTh aMITyTalliid cepet
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JITHIX TAIIEHTIB 3 YCKJIagHEHUM JiabeToM a0 3aXBOPIOBAHHIM MepudEepuIHUX
apTepiii € myxe BUCOKOI0. Meta. OrjisiHyTH HayKOBi JOCHIHKEHHS MOA0 (i3UYHOT
peabimiTaii JroAei 3 aMmImyTali€lo HIKHBOI KiHIiBKA. Marepianu Ta metoau. byio
MIPOBEICHO TOIIYK JiTepaTtypu B 6azax manmx Scopus, PubMed ta Google Scholar 3
BUKOPHUCTAHHSAM MOIIYKOBUX TEPMIHIB, MTOB'SI3aHUX 3 PEAOLIITALIEI0 MICIS AaMITyTALIil
HIKHIX KiHOoiBok. Pi3HI acmekTd mnocrammyTaiiiHoi peabimitamii — ¢izudHe,
IICUXOCOIIabHEe Ta E€MOIlIMHE BIAHOBICHHS — KOPHMCHI JJIs TMAIlI€HTIB, SKI CIIiJ
po3mnouaru 10 onepairii. Panns diziorepanis, BUOIp mpoTe3a Ta ICUXOJIOTIYHA Teparis
€ BaXJIMBUMU B Ipoueci peaOuritamii. KiHieBa, BipTyanbHa peaOiiiTaris,
EJIEKTPOCTUMYJISALIS, I3epKaJIbHA Tepallisi Ta TIAPOTEpanisi BUSIBUIUCS e(PEKTUBHUMH,
0COOJIMBO HA PI3HUX €Tamax JIKyBaHHS. Y JIIOJeH MOXUIIOT0 BIKY MYJIbTHIUCITUTLII-
HapHe JIIKyBaHHsI B IOEIHAHHI 3 1HAMBIIyasTi3alli€lo HaBaHTaXeHb Ta (a3 BITHOBJICHHS
3 OBIJILHUM MPOTPECyBaHHAM MOKE MIIBULIUTH ycHix. Byio mpoaeMoHCcTpoBaHo, 110
HaBITh mnamieHTu crapie 80 poKiB MOXKYTh MOCSATTH (DYHKI[IOHAIIBHOTO B1JHOBJICHHS
3a JOTIOMOTOI0 BIAMOBIAHOTO JIiKyBaHHA. Bike depe3 3 wmicsri micis peabimitaiii
CIIOCTEPIralOThCsl 03HAKU MO3UTHBHOTO PO3BHUTKY SKOCTI KHUTTS, OCOOJIMBO 32 YMOBU
MiATpUMKA. PaHHS pealimiTariis 3HWXKYE piuHy cMepTHiCTh Ha 30% Ta migBHILy€E
WMOBIPHICTh yCHIIIHOI afanTanii nporesiB. [loTouHl pexoMeHaailii copsiMOBaHl Ha
BUKOPHUCTaHHA OIOMEXaHIYHOrO0 aHali3y, IICUXOJIOTIYHOTO KOHCYJbTYBaHHS Ta
3ay4eHHS MEJCeCTep A0 IMOJCHHOTO JOIIAAY 3a MamieHTaMu. Tomy pealimiTaris
MaifieHTa 3 aMITyTalll€l0 HIDKHIX KIHI[IBOK BHUMAarae IIUTICHOI IporpaMu BEJACHHS 3
paHHIM  [OYaTKOM, MYJbTUJMCUUIUIIHAPHOI y4YyacTI0 Ta  I1HAUBIAYyaJbHUMHU
nporpaMamMu. TakKuM YMHOM, BIIHOBITIOIOThHCS HE Jiniile (GyHKI[IOHATBHI MOYKJIMBOCTI,
ajie ¥ MOKpAaIIy€eThCs SKICTh KUTTS Ta COLllaJIbHA THTErpallis UX TMali€HTIB.

Karw4oBi cjaoBa: ammyraiiiss HIWKHBOI KIHIIIBKH, (Gi3uyHa peadiTiTalis,
NpoTe3yBaHHS, (YHKIIIOHAJIBHE BIJHOBJIEHHS, SKICTb KUTTSA, IicCIsoIepalliiiHa
ajanTarlisi, OpTOMeINYHa JOIOMOTA.

Statement of the problem. LLA (lower limb amputation) is a major surgery
with serious physical, psychological and social implications for the patient. It is most
frequently due to progressive vascular disease, diabetes-related complications or
trauma. As Moxey et al. the global prevalence of lower limb amputation varies widely
according to region, economic development and presence of well-functioning
prevention and treatment services. For instance, the incidence of LEA as it conditions
with the U.S.A. and Canada is lower than that in Africa or Asia and usually it is related
to early limb ischemia and diabetic lesions treatment [1]. The authors stress that as
people grow older, the prevalence of amputation even in advanced medical systems
grows and is much higher in men.

In Canada, a study by Imam et al found for the past decade an incidence of lower
limb amputation rate was approximately 22.5 per 100,000 person-years and it has been
found with substantial gender and age differences as well. The highest rate was
observed in men older than 65 years, which would likely correspond to a combination
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of vascular pathology due to aging, diabetes and lower levels of physical activity [2].
It should be pointed out that the increase of obesity, metabolic syndrome and type 2
diabetes has a direct impact on the surgical procedures within the population.

The Strong Heart Study also reports similar findings in the U.S. indigenous
population, where the diabetes-related lower limb amputation rate was 5.5 per 1,000
person-years of follow up. This is three times the national average. Significant risk
factors consisted of prolonged uncontrolled hyperglycemia and inadequate health
services in remote regions [3].

A multicentre global study in Europe, North America and east Asia concluded
that the United Kingdom had the highest case rate of lower limb amputations and Japan
the lowest [4].

Meanwhile in the United States, a sizeable reduction in the hospitalization rate
for non-traumatic lower limb amputations among US patients with diabetes aged 40
years and older from 1988 to 2008 was reported by Li et al. The rate dropped from 11.2
to 4.9 per 10,000 people, which the authors attribute to increased glycemic control and
range of diabetic foot care programs as well a multidisciplinary team [5].

A population-based study conducted in Spain between 1989 and 1999 demonstrated
a stable incidence of non-traumatic amputations, which was approximately 1.8/10,000
inhabitants in the Madrid region. Sixty-one per cent underwent an above-hip
amputation, indicative of late diagnosis and treatment for the underlying condition [6].

A German study by Kroger et al. reports the number of lower limb amputations
in Germany to exceed 30,000 per year during 2005-2014 predominantly among
subjects suffering from severe peripheral arterial disease [7]. Even with a good
healthcare system, many amputations are being performed in advanced cases due to
patients' lack of willingness or inability to search for care early.

In Italy, the disabled amputee population was estimated by Lombardo et alii
between 8,000-9,000 per year from 2001-2010 in an analysis based on data referring
to lower-limb amputations. Diabetic patients had a 20 times higher amputation risk
compared with the general population, and their average age was over 65 years [8].

The aim of the study is to conduct an analysis of scientific sources regarding
modern methods of rehabilitation of people after lower limb amputation.

Research objects and methods. A search was conducted for scientific
publications related to the topic of rehabilitation of individuals after amputation of one
or both lower limbs in the scientometric databases Scopus, Google Scholar, and
PubMed. The search was conducted according to keywords related to the topic of the
publication.

Presentation of the main material.

Research results and their discussion. Rehabilitation of patients after lower
extremity amputation is a difficult and complex process involving three areas of
recovery: physical, psychological and social. Marshall, Barakat, and Stansby point out
that optimal rehabilitation should be guided by holistic principles of care which
commence pre-operatively with pre-amputation counseling, post-amputation through
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early mobilization, prosthesis fitting and longer term patient support [9]. Its primary
goals include avoiding contractures, regaining muscle strength and maintaining
balance, coordination and general mobility. The authors note that early referrals to
specialized rehab services help the patient gain a greater degree of independence during
this initial phase of recovery. It is also necessary to consider the individual
characteristics of each patient — age, level of amputation and presence of comorbidities.
Care after surgery should integrate physiotherapeutic and psycho-social treatment. The
project depends mainly on the combined efforts of a team of specialists for its success.

Ulger et al. in their review, present a variety of physiotherapy interventions
including: electrical stimulation, hydrotherapy, virtual rehabilitation and
stability/coordination training [10]. They observe that the efficacy of the approaches is
dependent on the treatment phase: in the acute phase, pain management and
complications avoidance are preferred, whereas in the chronic phase rehabilitation to
prostheses. its effective management is based on individualized techniques of selection
and evidence-based approach of physical therapy. Especially promising seemed to be
the application of mirror therapy antiphantom pain and virtual rehabilitation for
recovery spatial perception and motor planning. An integrated approach offers the
potential to optimize functional independence and speed reintegration into daily life.

The rehabilitation of the old patient, particularly after amputation, is a specific
field. Cutson and Bongiorni explain that rehabilitation in older patients is challenged
by comorbidities, poor endurance and motivation [11]. They stress the importance of
multidisciplinary approach, also including others therapies like social work and
psychotherapy next to physical therapy. Successful re-habilitation in this population
decrease the risk of future hospitalization, minimize falls and support for quality of
life. Therapy should be 'dosed’, individualised and performed in a safe environment
under careful medical supervision. The factors that contribute to success are family
support, independence prior to surgery and postoperative care. A study has been
conducted by Frengopoulos et al. suggests that even patients of over 80 years old can
achieve functional rehabilitation following amputation, if well managed [12]. In most
studies, more then half of patients in this age group become functionally independent
with the help utensils or prostheses. But time to prosthesis implantation is frequently
still long and use of further resources and interprofessional approach are necessary.
The successful rehabilitation of elderly patients does not only mean to recover the
function but also preserve quality of life, isolation and dependency with cotidian
human care. Furthermore, the authors stress that functional potential should be
accurately screened before initial intensive care support.

Blair, Zidarov et al [13] Addressed quality of life during rehabilitation and for 3
months post-prosthetic fitting in lower limb amputees. They reported there had been a
statistically significant improvement in mobility, self-care and social interaction in the
HUI3 and LCI instruments. Learning the use of prosthesis and learning to regain
balance are critical components during the phase of inpatient rehabilitation. After 3
months, the improvement was kept highly significant in some domains (emotional
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state, fatigue), while others required additional reinforcement. This implies that the
adaptation process is long-term and not completed at discharge from hospital. The
researchers suggest a future increase in post-acute outpatient support for these patients.

Pande et al. showed that early participation in rehabilitation was correlated with
a 30% decrease in 1-year mortality of patients following amputation [14]. The need for
a physiotherapy program as early at 3-5 days after surgery is emphasized by the
authors. Furthermore, the activity of comorbid diseases and nutrition status as well as
prevention of decubitus ulcers must be paid attention to. If a prostheses is fitted in time,
both the survival of the patient and his quality of life improve proportionately well
when an integral treatment strategy is pursued.

A positive correlation between compliance and adaptation, based on a range of
follow-up studies, was also found in the 15-year clinical follow-up study of Hordacre
et al. indicating that adaption to the prosthesis was achieved by 73% patients who had
completed physiotherapy program [15]. Patients with high levels of amputation (above
knee) and low motivation had the most problems. This finding supports the feasibility
of categorizing rehabilitation on the basis of amputation level. The authors also
underscore the importance of periodic evaluation of successes and modifications to the
rehab plan. The comprehensive treatment comprised training of the cardiorespiratory
system, gait retraining, balance exercises and psycho-emotional support.

Fiedler et al. stress the significance of applying biomechanical methods within
the rehabilitation, namely gait analysis and body posture control [16]. It, therefore, is
never available to prevent injuries as well as for the increased efficacy of prosthesis
applications. The new computerized monitoring systems make it possible to objectify
the patient development. In addition, this study underscores the importance of
considering the functional asymmetric loading of the trunk that results from
amputation. Robotic and perturbed devices facilitate symmetrical movement and
endurance training.

A study of 100 patients reported by McWhinnie et al. demonstrated that only
60% were continuing to be prostolized and physically active after a mean period of Syr
following an amputation [17]. The best outcomes were obtained in younger patients
without co-morbidities who commenced rehabilitation early. The authors stress that
the main issue is not only simply physical preparation but also a psychological one.
Long-term functional independence was more likely in patients with family support
and multidisciplinary services available.

Shelmerdine and Stansby stress the importance of early preoperative
conditioning, not just with physical training, but also mental and psychological
adaptation [18]. This results in less apprehension, better compliance and a shorter
duration of postoperative hospitalization. The role played by multidisciplinary
rehabilitation teams and the relevance of ongoing medical support following hospital
discharge is also addressed.

Kelly and Dowling target nursing care in the rehabilitation of patients with lower
limb amputation. [19] They suggest that nurses are in the frontline for daily control of
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tormentum state, pain assessment, directing nutrition and psychoemotional support.
Specific nursing education also should be offered about caring for patients who have
had an amputation, especially in the prosthetic phase. They too put the need for human
service personnel contact with the patient as a positive perception toward the recovery
process.

Rau et al found that a short period of physiotherapy could significantly improve
function related to amputee individuals (balance, walking speed, chair rise) after 3
weeks [20]. This reveals us that even short, intensive interventions can be very
effective if they are framed. The authors do stress that therapy after the child is
discharged is important to "cement in" this progress.

Fajardo-Martos et al. discovered that the factors predicting good rehabilitation
postamputation are: young age, no ischemia and high levels of physical activity
preoperatively [21]. It permits a personalized estimation of the prognosis and
development of a rehabilitation concept. These analyses allows for risk-stratified
patient pathways to be developed.

Lastly, the revised clinical guidelines for VA/DoD by Webster et al. propose a
uniform multi-level rehabilitation program, in which cognitive assessment,
psychosocial evaluation and functional recovery scale are required [22]. This method
enables the incorporation of objective measures of therapy effect and enhances
treatment planning. The recommendations indicate that all levels of the rehabilitation
chain must include adjuvant measures, as determined by clinical markers and dialogue
between patient and interdisciplinary team.

Conclusions. Rehabilitation following a lower limb amputation is a multifaceted
treatment regarding the patient’s physical, psychological and social recovery. Early
treatment, personalized physiotherapy schemes and interdisciplinary work are the key
to improving therapeutic results. Active participation of the patient, support from the
family and adjustment towards using prosthesis are important. New technologies, such
as virtual rehabilitation and biomechanical monitoring, but also mirror therapy
technologies may have a positive effect on quality of life and function. Data indicate
that early prosthetic use, and ongoing rehabilitation, can decrease the morbidity and
mortality of patients affected. Therefore, individualized and staged rehabilitation is
essential for the successful re-integration of patients into normal activities.
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	https://doi.org/10.52058/2786-4952-2025-10(56)-2235-2244




