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Abstract. Lower limb amputation is one of the most serious injuries, accompanied by significant changes in the
anatomy, function, psychological state and social adaptation of a person. In the case of transtibial amputation (amputation
at the level of the lower leg), the knee joint is preserved, which makes it possible to achieve a more natural gait and reduce
energy expenditure during movement. With the beginning of a full-scale war in Ukraine, the number of servicemen who
have undergone limb amputations has reached unprecedented proportions. According to estimates of 2023, at least 20,000
people in Ukraine, mostly military personnel, have suffered one or more amputations, while other sources cite a range
from 20,000 to 50,000 Ukrainian military personnel who lost limbs as a result of hostilities

The rationale for the study is that modern prosthetics methods, including bionic ones, require a high level of patient
preparation: in terms of stump condition, muscle strength, tissue trophism, psychoemotional readiness, and balance skills.
In the military context, additional complications are added to this: multiple injuries, tissue defects, post-traumatic syn-
dromes, and the need for rapid rehabilitation to return to active life or service.

The goal is to analyze modern methods of preparing a stump for prosthetics at the transtibial level in the long-term
rehabilitation period, taking into account mine-explosive injuries of military personnel in Ukraine, and to improve reha-
bilitation interventions by physical therapists.

The objectives of the study were:

1. To describe the anatomical and functional requirements for a stump in military patients.

2. To analyze the stages of long-term rehabilitation with an emphasis on preparation for prosthetics.

To provide evidence-based and practical recommendations for physical therapists when working with military per-
sonnel who have lost limbs.

The duration of long-term rehabilitation depends on the severity of the traumatic injury and is on average 6—12
months, with complex mine and explosive injuries it can exceed 18 months.

Conclusion.

1. Preparation of a stump for prosthetics at the transtibial level in military personnel is a complex process that re-
quires a systematic, staged and multidisciplinary approach.

2. The main conditions for successful restoration of functional capacity are timely control of postoperative pain,
prevention of contractures, adequate formation of the shape and volume of the stump, as well as gradual restoration of
muscle strength and tissue tolerance to load.

3. The use of compression therapy, sensory desensitization, specialized physical exercises to strengthen muscles and
balance training helps optimize the process of preparation for prosthetics.

4. The patient's psycho-emotional state has a significant impact on the results of rehabilitation, therefore it is import-
ant to involve a psychologist at all stages of the rehabilitation process.

5. Effective coordination of actions of specialists of different profiles, adherence to the principles of evidence-based
medicine and individualization of therapeutic programs ensure the maximum possible restoration of functional indepen-
dence and social adaptation of military personnel after amputation of the lower extremities.

Keywords: transtibial amputation, lower limb, formation of a lower limb stump, mine-blast injury, servicemen with
lower limb amputations, long-term rehabilitation period.

Introduction. Lower limb amputation is one of the  inthe anatomy, function, psychological state and social ad-
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(amputation at the level of the lower leg), the knee joint
is preserved, which makes it possible to achieve a more
natural gait and reduce energy expenditure during move-
ment. At the same time, the success of prosthetics depends
not only on the quality of the manufactured prosthesis, but
also on the correct preparation of the stump and long-term
rehabilitation. With the beginning of a full-scale war in
Ukraine, the number of military personnel who have un-
dergone limb amputations has reached unprecedented pro-
portions. According to estimates in 2023, at least 20,000
people, mostly military personnel, have suffered one or
more amputations in Ukraine [1], while other sources give
a range from 20,000 to 50,000 Ukrainian military person-
nel who have lost limbs as a result of hostilities [2, 3]. The
Ministry of Veterans Affairs of Ukraine confirms a signif-
icant increase in the number of amputations among mili-
tary personnel since 2022, although the exact data remains
confidential for security reasons [4].

At the same time, according to the Ministry of Social
Policy, in 2025, about 37,000 Ukrainians (the vast majori-
ty of whom are combat veterans) received almost 130,000
rehabilitation devices, including prostheses, orthoses, and
assistive devices [5, 6].

Such a scale of losses creates an unprecedented de-
mand for the development of a national system of prosthet-
ics and rehabilitation, especially at the level of the lower
extremities. This creates a large-scale challenge for the
physical therapy and rehabilitation system of Ukraine - it
is necessary not only to provide acute treatment, but also
to organize long-term preparation of the stump, adaptation
to prostheses, and effective social reintegration of military
personnel returning to service or civilian life after serious
combat injuries.

The rationale for the research is that modern meth-
ods of prosthetics, including bionic ones, require a high
level of patient preparation: in terms of the condition of the
stump, muscle strength, tissue trophism, psychoemotional
readiness, and balance skills. In the military context, ad-
ditional complications are added to this: multiple injuries,
tissue defects, post-traumatic syndromes, the need for rap-
id rehabilitation in order to return to active life or service.
The aim is to analyze modern methods of preparing the
stump for prosthetics at the transtibial level in the long-
term rehabilitation period, taking into account mine-ex-
plosive injuries of the military in Ukraine, and to improve
rehabilitation interventions by physical therapists.

The objectives of the study were:

1. To describe the anatomical and functional require-
ments for a stump in military patients.

2. To analyze the stages of long-term rehabilitation
with an emphasis on preparation for prosthetics.

3. Provide evidence-based and practical recommen-
dations for physical therapists when working with military
personnel who have lost limbs.

1. Anatomical and functional requirements for a
military patient's stump

The shape of the stump should ensure uniform pres-
sure distribution while wearing the prosthesis, prevent lo-
cal overload and traumatization of the skin. The optimal
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shape is a conical or smoothly cylindrical shape without
sharp scar formations and bone protrusions, which in-
creases the stability and comfort of the prosthesis [7].

After mine-explosive injuries, military personnel of-
ten have complex defects of soft tissues and bone struc-
tures, which complicates the formation of a full-fledged
stump, which is due to the nature of the injury. In such
cases, reconstructive and plastic interventions and staged
surgical treatment are necessary to create a functionally
suitable stump.

In the early stages of rehabilitation, the key are edema
control, prevention of contractures (especially in the knee
joint), and proper care of the postoperative wound. The use
of compression stockings or elastic bandaging and gradual
mobilization are standards of modern rehabilitation [8].

2. To analyze the stages of long-term rehabilitation
with an emphasis on preparation for prosthetics.

Rehabilitation after transtibial amputation in military
personnel is a multi-stage process that includes medical,
physical and psychosocial components.

Early postoperative stage (0—6 weeks).

This very first stage after amputation is critical and
focuses on pain control, prevention of complications,
wound healing and formation of the foundation for further
rehabilitation. The duration of the period is approximately
4—6 weeks, the main task of which is to control edema and
form a stump.

Reducing postoperative edema and forming a cy-
lindrical or conical stump shape is necessary for future
prosthetics. Compression therapy is used for this. This can
be elastic bandaging according to a special scheme (with
greater pressure on the distal part) or the use of silicone
stockings (liners). Compression is applied almost 24 hours
a day, removed only for hygiene and exercise. Stump care
also includes gentle care of the seams and skin in accor-
dance with medical recommendations.

The next task is to prevent contractures and maintain
the amplitude of movements in the joints. At this stage,
there is a high risk of developing flexion contracture of
the knee and hip joints, especially with amputation be-
low the knee. To prevent this, the limb is positioned with
prevention of flexion. The patient is prohibited from sit-
ting with the knee or hip joints bent for a long time, and
from placing pillows under the stump when lying on his
back. It is recommended to lie on his stomach (if possible
and not painful) for 20-30 minutes several times a day to
stretch the stump flexors. Passive and active exercises are
performed in all accessible joints of the healthy limb and
upper body.

Maintaining muscle strength (Isometric training) is
one of the important tasks. To maintain muscle strength
and activate neuromuscular connections, isometric muscle
contractions are performed. These exercises are performed
without visible movement in the joint, which is safe for the
postoperative wound. The main focus is on the thigh and
gluteal muscles, which are key for controlling the pros-
thesis.

The patient should consciously tense, for example,
the quadriceps or gluteal muscles for 5—7 seconds. Recom-
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mended frequency: 3-5 sets of 10 repetitions, 2—3 times a
day. Exercises include tightening the buttocks (squeezing)
and holding the stump in an extended position (lying on
the stomach).

Examples of isometric exercises:

Gluteal squeeze: Tightening both buttocks while ly-
ing on your back.

Isometric quadriceps tension: Tightening the front of
the thigh.

Isometric stump extension: Trying to press the back
of the stump into the bed.

Special attention is paid to breathing exercises and
sensory adaptation.

An important component is breathing exercises to
improve lung ventilation and prevent postoperative com-
plications (e.g., pneumonia, atelectasis). Initial exercises
for sensory adaptation of the stump (desensitization) are
also performed, which may include light touching or strok-
ing of the stump (if the condition of the sutures allows)
to prepare the nerve endings for contact with the sleeve.
This is the beginning of the fight against phantom pain and
increased sensitivity of the stump.

The goal of this stage: to minimize swelling, pre-
vent the development of dangerous contractures, maintain
a baseline level of muscle strength, and ensure smooth
wound healing, preparing the patient for the next, more
intensive stage of physical therapy.

The main tasks are pain control, prevention of com-
plications, and formation of the correct shape of the stump.

Duration: approximately 4—6 weeks.

Methods: compression therapy (elastic bandages or
silicone stockings), limb position to prevent flexion con-
tracture of the knee joint, breathing exercises, isometric
contractions of the thigh and gluteal muscles (3-5 sets of
10 repetitions, 23 times a day).

Goal: to reduce swelling, prevent contractures, main-
tain muscle strength, and begin sensory adaptation of the
stump.

The intermediate stage (6—12 weeks) begins after
the wound has stabilized and the swelling has decreased,
and includes intensive muscle training and the formation
of the stump’s tolerance to load.

Duration: 1.5-2 months.

Exercises: active movements in the hip (flexion, ex-
tension, adduction, abduction, rotational movements) and
knee joints (flexion, extension) using a fitness elastic band,
balance exercises (standing on the supporting limb with
support for the first 3 days, then holding the ball), training
in an upright position, body weight transfer.

Desensitization is a technique for gradually reducing
pain in the stump and increasing the stump’s tolerance to
touch. It is performed after the wound has healed, when
the compression bandage is removed, 2-3 times a day. It
starts with rubbing the scar with soft cotton balls and grad-
ually changes the structure to a harder one — paper towel,
terry towel, while the procedure should not cause pain, and
it is necessary to move on to the next stage when the scar
becomes tolerant to sensations [9, 10, 11].

Frequency: 5-6 days a week for up to 2 hours of
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classes before and after lunch.

Goal: forming a stable supporting surface of the
stump, restoring coordination and preparing for fitting the
primary prosthesis.

Preparatory stage for prosthetics (3—6 months af-
ter amputation), this stage of rehabilitation is critically
important for creating optimal conditions for further pros-
thetics and learning to walk. It covers three main areas:
stump formation, intensive muscle strengthening and
preparation for loads.

Formation of a stable stump volume and scar care.
Primary attention is paid to reducing swelling and forming
a cylindrical or conical shape of the stump, which is nec-
essary for the correct fit of the prosthesis sleeve. Regular
compression is key: elastic bandaging according to an indi-
vidual scheme (with greater pressure on the distal part) or
special compression covers (liners) are used. This prevents
fluid accumulation and helps reduce the volume. Skin care
includes desensitizing massage of the stump to reduce its
sensitivity to touch and pressure, which is important for
contact with the sleeve. Scar correction is performed using
intensive, deep massage (transverse and longitudinal rub-
bing) to prevent adhesions and increase clasticity. Addi-
tionally, silicone tapes or patches are applied to the mature
scar to smooth it. In case of persistent problems, surgical
corrections may be necessary [12].

Intensive strength and balance training. The main task
is to restore and strengthen the muscle strength necessary
to control the prosthesis and stabilize the body. This in-
cludes more intensive strength training of key groups. For
the lower limb, the emphasis is on the quadriceps (if the
knee joint is preserved) and the gluteal muscles (gluteus
maximus and gluteus medius), which are responsible for
stabilizing the pelvis during the support phase. Exercises
for the buttock are performed, such as Glute Bridge, lateral
abduction of the stump, and isometric tension of the stump
muscles. Strengthening the spinal stabilizers (core mus-
cles) with planks and rotational stability exercises is es-
sential as the body's center of gravity shifts. Balance train-
ing on unstable surfaces (balance cushions, mats) for the
healthy leg and coordination exercises to improve overall
body control and prepare for walking are also performed.

Examples of exercises for strength and balance.

Bridge: Lying on the back, lift the pelvis with sup-
port on the good leg and shoulders, squeezing the buttocks
hard.

Hip abduction: Lying on the good side, lift the stump
up to train the gluteus medius muscle (a key pelvic stabi-
lizer).

Plank: Hold the position on the forearms and toes (or
knees) to strengthen the core muscles.

Single-leg balance: Stand on the good limb, making
the task more difficult by closing the eyes or standing on
a soft surface.

Preparation for loads with a temporary prosthesis, this
stage is transitional. The patient is taught verticalization
(safe standing and sitting), transitions between objects (for
example, from a chair to a bed), and elements of gait using
crutches or stilts. The main focus is on training in correct
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weight transfer and preparing the patient to accept load
on the stump. Initially, a training (training) sleeve can be
used to increase the stump's tolerance to pressure. Protec-
tive reactions (how to fall and get up safely) are practiced.
The physical therapist models the movement patterns that
will be performed with the prosthesis to form the correct
neuromuscular memory [13, 14].

The final assessment of the patient's readiness to
start permanent prosthetics includes the following crite-
ria: complete wound healing, absence of infections, stable
stump volume (confirmed by measurements) and minimal
pain. In addition, the patient's motivation and his ability to
independently perform the care and exercise program are
important. Only after achieving all these indicators can the
stage of permanent prosthetics be successfully moved on.
At this stage, the selection and individual manufacture of
a temporary prosthesis is carried out, and gradual getting
used to wearing it is carried out.

Methods: training in standing up, sitting, moving
with parallel bars, walking with partial and full load on the
temporary prosthesis.

Exercises: exercises to strengthen the muscles of the
hip girdle, control the center of mass, teach a step without
compensatory movements.

Frequency: daily classes for 60-90 minutes under the
supervision of a physical therapist.

Goal: adaptation of the stump to the prosthesis, res-
toration of symmetry of gait, prevention of secondary de-
formations.

In the process of our work, practical recommenda-
tions were formed for physical therapists when working
with amputees who received mine-explosive trauma to the
lower extremities.

Physical therapy after transtibial amputation is aimed
at reducing postoperative complications, preparing for
prosthetics and restoring the functional independence of
the serviceman.

In the early postoperative period, the priority is to
control pain and swelling, prevent contractures and form
the correct posture of the limb. Light extension in the knee
joint, elastic bandaging or silicone sleeves, early activa-
tion, breathing exercises and pain control are recommend-
ed.

The formation and care of the stump includes mas-
sage to improve blood circulation, gradual compression,
hygienic care and sensory desensitization to reduce hy-
persensitivity. This provides optimal conditions for future
prosthetics.

At the stage of preparation for prosthetics, the main
attention is paid to strengthening the quadriceps, gluteal
and abdominal muscles, training in balance, coordination
and correct posture to prevent secondary deformities.

It is important to take into account the psychologi-
cal aspect of rehabilitation. The support of a psychologist,
participation in support groups and work with an occupa-
tional therapist contribute to adaptation to changes and
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restoration of motivation.

After prosthetics, it is necessary to conduct gait train-
ing, endurance control and prevention of overload of the
healthy limb, as well as regularly check the condition of
the stump skin and the conformity of the prosthesis.

The duration of long-term rehabilitation depends on
the severity of the traumatic injury and is on average 6—12
months, and in case of complex mine-explosive injuries it
can exceed 18 months.

A comprehensive, evidence-based approach ensures
effective rehabilitation, the return of the serviceman to ac-
tive life and improvement of the quality of his functional
adaptation.

Conclusion.

1. Preparation of the stump for prosthetics at the tran-
stibial level in military personnel is a complex process
that requires a systematic, staged and multidisciplinary
approach.

2. The main conditions for successful restoration of
functional capacity are timely control of postoperative
pain, prevention of contractures, adequate formation of
the shape and volume of the stump, as well as the gradual
restoration of muscle strength and tissue tolerance to load.

3. The use of compression therapy, sensory desensi-
tization, specialized physical exercises to strengthen mus-
cles and balance training helps optimize the process of
preparation for prosthetics.

4. The psychoemotional state of the patient has a sig-
nificant impact on the results of rehabilitation, therefore it
is important to involve a psychologist at all stages of the
rehabilitation process.

5. Effective coordination of actions of specialists
of various profiles, adherence to the principles of evi-
dence-based medicine, and individualization of therapeu-
tic programs ensure the maximum possible restoration of
functional independence and social adaptation of military
personnel after amputation of the lower extremities.

Prospects for further research. Develop and im-
prove methods of working with lower limb stumps to pre-
pare for prosthetics.
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Pe3rome. AmmyTariisi HWKHBOT KiHIIIBKM — OJIHA 3 HalCEpHO3HILIMX TPABM, L0 CYPOBOKYETHCS CyTTEBUMH 3Mi-
HaMH B aHaTOMii, ()yHKIIii, ICHXOJIOTIYHOMY CTaHi Ta COLiaNbHIN ajanTamii JroAUHU. Y BUIAKy TpaHCTIOlaIbHOT aMimy-
tauii (amnyTaiii Ha piBHI TOMUIKK) 30epiraeThcs KOJMIHHUI CyII100, 1110 Aa€ MOXKIIMBICTh AOCSTTH O1IbII IPUPOIHOT XOAM
Ta 3MEHIIUTH EHePreTUYHI BUTPATH IiJ1 4ac pyxy. 3 M0YaTKOM MIOBHOMACIITA0HOT BiliHH B YKpaiHi KUIbKICTh BIHCHKOBOC-
JIyKOOBIIB, SIKI 3a3HAJIN aMITyTalii KIHI[IBOK, JOcsIa Oe3npeneieHTHIX MaciTadiB. 3a ouinkamu 2023 poky, B Ykpaini
nroHaimMente 20 000 ocid, mepeBaXkHO BIHCHKOBHUX, IEPSHECIIH OJIHY UM KiJIbKA aMITyTallii, TO/I sSIK 1HIII [HKepesia HaBo-
11Tk iarmazod Big 20 000 1o S0 000 ykpalHChKHX BICHKOBHX, sSIKI BTPATHJIN KiHIIIBKH BHACIIIOK OOWOBHX Jil.
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OOrpyHTYBaHHS JOCJTiIAKeHHS TTOJISTAa€E B TOMY, IIIO CYyYacHI METOAN MPOTE3yBaHH:, BKIIOYHO 3 OI0HIYHUMHU, BU-
MAararoTh BHCOKOTO PiBHS IiATOTOBKH IMAIIEHTA: 3 TOUYKU 30py CTaHy KYKCH, M 5I30BO1 CHJIH, TPO(iKM TKAaHUH, ICHXOEMO-
LiHOT TOTOBHOCTI, 6aJaHCHUX HABHYOK. Y BIHCHKOBOMY KOHTEKCTI JI0 LIOTO MPUETHYIOTHCS JOAATKOBI YCKIaTHCHHS:
MHOXHWHHI TpaBMH, Ae(EKTH TKAHWH, TOCTTPAaBMaTHYHI CUHIPOMH, HEOOX1HICTh IBUKOT peadiiTarlii 33,1151 TOBepHEH-
HS 10 aKTUBHOTO JKUATTS 200 CITyKOu.

Meta mpoaHasizyBaTH Cy49acHi METOIM MMIATOTOBKHM KyKCH JO MPOTE3yBaHHS HA TPAHCTIOIaMbHOMY piBHI B JIOB-
TOTPUBAJIOMY TIepioai peabimiTarii, 3 ypaxyBaHHSIM MiHHO-BHOYXOBHX TPaBM BIiIICHKOBHX B YKpaiHi, Ta YIOCKOHAJIUTH
peaOumiTariiiHi BTpy4anHs (i3HUIHUX TEpPaIreBTiB.

Jlns mocATHEHHS METH TOCIiIKeHHS Oy MOCTABJICHI TaKi 3aBAAHHS:

Omnucaru aHaTOMO-(PyHKITIOHAIBbHI BUMOTH J0 KYKCH Y BiICHKOBHUX HAIli€HTIB.

[IpoanamnizyBaTu eTanu JOBroTpUBaioi peadimiTariii 3 aKIIeHTOM Ha MiATOTOBKY 0 MPOTE3yBaHHS.

Hanaru moka3oBi Ta MpakTUYHI peKOMEHIAIi 11 Gi3MIHUX TepamneBTiB MPU PoOOTi 3 BIHCHKOBUMHU SIKi BTPATHIIH
KIHI{IBKH.

TpuBasnicTs JOBroTpuBanoi peadimiTamii 3a1eKUTh BiJ THKKOCTI TPABMATHYHOTO YIIKOKEHHS 1 B CEpEIHROMY CTa-
HOBHTB 6—12 MicCAIIiB, IPH CKIIAHUX MIHHO-BHOYXOBHX ITIOPAaHCHHAX MOXKE IIEPEBHUITYBATH |8 MicAIIiB.

BuchHoBok.

1. ITinroToBKa KyKCH 0 MPOTE3yBaHH: Ha TPAHCTIO1aTIPHOMY PiBHI Y BIICEKOBOCITY>KOOBIIIB € KOMITJICKCHUM ITPOIIe-
COM, SKHH MOTpeOye CHCTEMHOTO, €TAITHOTO Ta MYJIBTUANCIUIUIIHAPHOTO TiIXOTY.

2. OCHOBHMMH YMOBAaMH YCITIIITHOTO BiTHOBJICHHS (DYHKIIIOHAIBFHOI CIIPOMOYKHOCTI € CBO€YACHUH KOHTPOIb IMiCTIs-
orepaniHoro 600, IpodilakTHKa KOHTPAKTYD, aJeKBaTHE (hopMyBaHHS GOPMHU Ta 00’ €My KYKCH, a TAKOXK ITOCTYTIOBE
BiIHOBJICHHSI M S130BO1 CHJTM 1 TOJIEPAHTHOCTI TKAHWH JIO HABAHTAKCHHS.

3. 3acTrocyBaHHS KOMITpeciiHOI Teparrii, CeHCOpHOi IeceHcuOimi3anii, cremnianizoBannxX (pi3MIHUX BIIPAB AJIS 3Mill-
HEHHsI M 5131B Ta TPEHYBAaHHS PIBHOBATU CIIPHSIE ONTHMI3amii MPOIeCy MiITOTOBKH 10 MTPOTE3yBaHHS.

4. 3HayHMii BIUTMB HA Pe3yJbTaTH peadimiTamnii Mae IICHXOEMOIIMHNI CTaH MaIlieHTa, TOMY BayKIHBHUM € 3aTy9CHHS
TICUXOJIOTa Ha BCIX eTamax peabiiTamiiHoro mpouecy.

5. EdextnBHa KoOpauHaIis i GaxiBiiB pi3HUX TPOQiTiB, TOTPUMaHHS MIPUHIIUIIIB TOKA30BOI MEAWIIMHA Ta 1HIH-
Bilyasi3alisi TepaneBTHYHUX MPOrpaM 3a0e3MedyioTh MAaKCHMAaJIbHO MOXIIMBE BITHOBICHHS (DyHKIIIOHATBEHOI HE3aIEK-
HOCTI Ta COIiaJIbHOI ajanTamii BIHCPKOBUX MICIIS aMITyTamii HIKHIX KiHIIIBOK.

KurouoBi ciioBa: TpancTibianbHa aMITyTallist, HUKHS KiHITIBKa, (JOPMYBaHHS KYKCH HIDKHBOI KiHITIBKH, MiHHO-BHOY-
XOBa TPaBMa, BIFICHKOBOCITYKOOBIII 3 aMITyTallisIM{ HIDKHIX KiHIIIBOK, JOBTOTPUBAINII Tepion peadimiTariii.
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