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Abstract

In this review intended for medical staff involved in patient rehabilitation, we provided
an overview of the basic methods for managing amputation stumps. After the
amputation surgery, it is imperative to optimize the remaining physical abilities of the
amputee through rehabilitation processes, including postoperative rehabilitation,
desensitization, and continuous application of soft or rigid dressings for pain reduction
and shaping of the stump. Depending on the situation, a prosthesis may be worn in the
early stage of recovery or an immediate postoperative prosthesis may be applied to
promote stump maturation. Subsequently, to maintain the range of motion of the stump
and to prevent deformation, the remaining portion of the limb should be positioned to
prevent contracture. Continuous exercises should also be performed to improve muscle
strength to ensure that the amputee is able to perform activities of daily living,
independently. Additionally, clean wound or edema management of the stump is
necessary to prevent problems associated with wearing the prosthesis. Our review is
expected to contribute to the establishment of basic protocols that will be useful for
stump management from the time of completion of amputation surgery to the fitting of

a prosthesis to optimize patient recovery.
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Core Tip: Postoperative complications after amputation surgery include pain,
hematomas, infection and tissue necrosis, joint contracture, muscle weakness, and
phantom sensations or pain; in this regard, proper post-surgical management of the
amputation stump is imperative. This review provides an overview of the basic
methods for managing amputation stumps. Our review is expected to contribute to the

establishment of basic protocols that will be useful for stump management from the
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time of completion of amputation surgery to the fitting of a prosthesis to optimize

patient recovery.

INTRODUCTION

Limb amputation refers to partial or total loss or removal of the upper or lower limbs.
Among the causes of upper limb amputation, physical trauma is the most common,
whereas peripheral artery disease is the leading cause of lower limb amputation. Other
reasons for amputation include congenital limb defects, tumors, and chronic
osteomyelitis[2l. Postoperative complications after amputation surgery include pain,
hematomas, infection and tissue necrosis, joint contracture, muscle weakness, and
phantom sensations or pain; in this regard, proper post-surgical management of the
amputation stump is imperativelBl. Additionally, it is important to maintain the shape of
the stump after amputation surgery, and essential for the amputee to undergo training
for the wearing and use of a prosthesis. Therefore, the aim of this review was to provide
a comprehensive overview of stump management methods for medical staff to optimize

patient recovery.

STUMP MANAGEMENT METHODS

Desensitization

Desensitization is performed to eliminate or minimize the physical or psychological
responses to a stimulus. In the case of amputation, the stump is highly sensitive after
surgery, necessitating desensitization procedures, which may include gentle massage,
light tapping, vibration, constant pressure, and the application of various fabrics to the
sensitive area. After the stump is completely healed, active massage therapy is
recommended to prevent skin adhesion and to allow additional sensory transmission to
the stump, as massaging the area trains the patient to tolerate the pressure associated
with contact between the stump and socket in the later stage of recoveryll. Although it
is recommended that desensitization be performed two to three times a day for at least

5 min, as there are no standardized guidelines outlining when to proceed with
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desensitization. The method and timing of desensitization may vary on an individual
basis, depending on the state of the stump, and appropriate methods need to be
selected and applied based on discussions with the rehabilitation team.

In 2018, Horne et all*l investigated the effect of desensitization on pain, depression,
and anxiety in 13 patients who had undergone lower limb amputation. In that study,
desensitization was performed by gentle massage and stump tapping once every three
hours, leading to an average reduction in pain scores of 1.92 points (measured using the
Short-Form McGill Pain Questionnaire-2, range: 0-10 points) from postoperative day
two to six, and an average reduction in depression and anxiety scores of 1.65 and 1.49
points, respectively (measured using the Hospital Anxiety and Depression Scale, range:
0-21 points). Thus, desensitization was shown to be significantly effective, and 85% of
the patients indicated that desensitization helped control their pain after amputation

surgery.

Shrinkage and shaping of the stump after amputation

Shrinkage and shaping of the stump are the most important parts of the rehabilitation
program prior to wearing a prosthesis, as improper shrinkage and shaping can impair
blood circulation and wound healing. Four representative shrinkage and shaping
methods include the application of soft, semi-rigid, or rigid dressings, as well as the

fitting of a temporary prosthesis.

Soft dressing

The purpose of a soft dressing is to fix the stump by wrapping it in a figure-8 shape,
using an elastic or rubber bandage to promote healing and maturation of the stump
after amputation surgery (Figure 1). This method reduces stump edema, prevents the
occurrence of hematomas, facilitates conical shaping, and reduces exposure to bacteria
to prevent infection or inflammation from external factors. When applying a soft
dressing, care must be taken to ensure blood flow is not restricted by applying an

optimal amount of pressure, and to establish the conical shape of the stump, the distal
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part should be wrapped more tightly than the proximal part. In the case of upper limb
and below-the-knee amputations, a 10 cm-wide bandage is typically used, whereas for
above-the-knee amputations, a 15 cm-wide bandage is used. When wrapping upper
arm amputations, the bandage is applied up to the rib cage, and in a case of forearm
amputation, the upper arm is bandaged as well. Bandages should be applied to the
pelvis in above-the-knee amputations and to the femur in below-the-knee amputations.
The bandages should be replaced three to five times daily to maintain adequate
pressure on the stump and to reduce edema. Soft dressing is a commonly used stump
fixation method; however, when the dressing is applied incorrectly, wound healing
may be delayed or the affected area may become irregularly shaped, which may delay
the wearing of a prosthesis’l. Additionally, it is difficult to achieve early stump
maturation to facilitate the wearing of a prosthesis with elastic bandages alone; in such
cases, the stump may also be inadequately positioned, leading to difficulties in

preventing joint contracture.

Semi-rigid dressing

The application of a semi-rigid dressing is another fixation method employed to reduce
edema and facilitate stump maturation. This method exploits the advantages of a rigid
dressing and uses elastic materials to fix the stump, aiding in the healing process. A
representative type of semi-rigid dressing is the air splint (Figure 2). The air splint
method refers to the wearing of a splint containing a pocket of air over a bandaged
stump, which compresses the stump and facilitates proper shrinkage. This method is
advantageous in that the air splint is easy to wear, the state of the stump is easily
visualized, and the method is psychologically reassuringé) the patient. Balance training
is possible when an air splint is applied in lower limb amputation; however, because

the splint functions essentially as a pylon, proper gait training is impossibleltl.

Rigid dressing

5/13




Rigid dressings involve fixing the stump using a plaster bandage after the amputation
surgery. The goal of a rigid dressing is the same as that of a soft dressing, while
providing the stump with better protection from trauma as a result of the harder
surface. Additionally, rigid dressings are more effective than elastic bandages in
preventing edema and hematomas, and early stump maturation can be achieved more
easily. However, there are also disadvantages to rigid dressings; for example, they are
heavier than soft dressings, separation from the stump may cause abrasions due to
friction, and the state of the stump is not directly visiblel®l. Therefore, to check the
maturity of the stump, assess the wound healing process, or control the temperature
and humidity of the stump and its surrounding environment, frequent replacement of
the plaster bandage is an inconvenient requirement. If the temperature and humidity
under a plaster bandage are not controlled and discharge is secreted from the stump or
the wound is not healed, bacterial infection is likely to occur, requiring special care and

attention.

Temporary prosthesis (pylon)

While waiting for a stump wound to heal completely after an amputation, a temporary
prosthesis may be worn to help train the patient prior to the wearing of a permanent
prosthesis. This method can fix the stump much more effectively than wrapping with
an elastic bandage, and it also serves as a means of evaluating an amputee’s
rehabilitation potential. Additionally, in the case of lower limb amputation, rather than
using crutches, walking while wearing a prosthesis facilitates adaptation, accelerating
the time needed to achieve bipedal walking. This technique acts as a positive motivator
for the amputee; it simplifies complex exercise programs, and increases the likelihood of
a quick discharge and social reintegration. When fabricating a temporary prosthesis, it
should resemble, as much as possible, the permanent prosthesis that will ultimately be
used; this includes matching the alignment of the body positions and using the same

materials to make the orthosis and other detailed parts. The temporary prostheses
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should not be used for residual limbs with burns, skin grafts, open wounds, infections,

painful stumps, and dermatological conditions/7l.

Immediate postoperative prosthesis

Immediate postoperative prosthesis (IPOP) is a method mainly employed in recovery
from lower limb amputation. After amputation surgery, the stump is fixed with a rigid
dressing and the pylon is connected with a foot prosthesis, allowing the amputee to
proceed with training activities, such as sitting, standing, and walking as soon as
possible. Depending on the situation, this method can be applied within two weeks
following amputation surgery to reduce stump edema, and the psychological
reassurance of being able to control weight-bearing activities and walking can prevent
or reduce problems associated with phantom pain. Additionally, this method protects
the stump from trauma, such as falls, and flexion contracture of joints can be controlled
or prevented. By using the prosthesis and various parts early after the surgery, the
amputee can gain experience with the prosthesis in advance, allowing his or her
expectations to better align with the later reality of wearing the permanent prosthesis
and improving the healing process. This experience facilitates the amputee’s ability to
achieve independence in performing activities of daily living, enabling faster social
reintegration and shortening the hospitalization period, which would entail an
economic and a social advantage. However, in actual clinical practice, this is the least
employed method of recovery due to various factors, such as the fear of wearing a
prosthesis designed with rigid materials without sufficient preparation of the affected
area or the feeling of repulsion resulting from one’s unfamiliarity with the treatment
method[8l.

Muellerl?l, Evi et all'%], and Janchai ef all'!l reported a significant decrease in stump
edema in patients who received a combination of soft and rigid dressings compared
with those who received soft dressings alone. Baker et all’?l reported that the
rehabilitation period of patients receiving rigid dressings was considerably shorter than

that of patients treated with soft dressings. Similarly, Vigier et all'®l reported that the
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wound healing and hospitalization periods after amputation were shorter when rigid
dressings were applied than when soft dressings were used, and Moore et all14l and
Schon et all reported that the incidence of complications, such as residual limb
infections, bruises, necrosis, or ulcers was lower in patients using an IPOP than in
patients using the soft or rigid dressings. Therefore, the literature suggests that
compared with the soft dressings, the use of a rigid dressing or IPOP facilitates faster

stump recovery and leads to fewer post-surgical complications.

Range of motion maintenance and prevention of deformation

With inadequate positioning or without continuous efforts to maintain recommended
positions, joint contracture may occur that is difficult to correct and can cause
difficulties when setting the alignment of the prosthesis. Following lower limb
amputation, to prevent contracture and maintain a good position at rest, it is advisable
not to sit or use a wheelchair for a prolonged period of time. On the bed after the
surgery, a pillow should not be placed under the stump such that there is no flexion in
the hip and knee joints. In the case of above-the-knee amputation, the prone position
should be assumed whenever possible to ensure that extension of the hip joint can be
maintained. When assuming the lateral position, the unaffected side should be facing
downward to prevent abduction of the affected side. Additionally, care must be taken
to maintain the horizontal orientation of the pelvis to prevent abduction contracture of
the hip joint. When sitting following below-the-knee amputation surgery, prolonged
flexion of the knee should be avoided, and when using a wheelchair, it is recommended
to keep the knee joint extended by using a leg rest or leg board. Even after upper limb
amputations, it is necessary not to place a pillow under the stumps. Additionally,
following upper limb amputations, contractures can easily be prevented by performing
joint range of motion exercises as soon as the pain subsides (about seven days after the
surgery), regardless of the amputation level. About 2-3 wk after the surgery, performing
light muscle-strengthening exercises can help prevent contractures(!®l. The components

of deformities that develop after amputations of each type are as follows: (1) For foot
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amputation: Equinus contracture; (2) For below-the-knee amputation: Knee flexion
contracture; (3) For above-the-knee amputation: Hip joint abduction, external rotation,
and flexion contracture; (4) For forearm amputation: Elbow flexion contracture; and (5)
For upper arm amputation: Shoulder flexion, adduction, and internal rotation

contracturell7],

Recommended exercises prior to the wearing of a prosthesis
Continuous exercise before wearing a prosthesis improves blood flow and enhances
limb muscle strength and range of motion. Exercise can also help prevent joint
contracture or correct contractures that have already occurred, in addition to reducing
edema and improving cardiorespiratory fitness. Typically, essential exercises include
those focused on improving balance, muscle-strengthening exercises to facilitate self-
control of the amputated area, and training to perform activities of daily living, such as
mobility-related tasks, dressing and undressing, and the use of utensils. Since the type
of training exercise required prior to the wearing of a prosthesis differs for each
amputated area, the appropriate methods should be adopted based on consultation
with a physician. However, there are certain warm-up exercises that must be performed
in all cases, regardless of the amputated area. For example, seven days after the
amputation surgery, joint and isometric exercises should be performed at an intensity
that the patient can tolerate for at least three weeks. In these exercises, the amputee
adopts a pose, breathes deeply, and alternates between tensing and relaxing the
stump’s muscles for about three minutes, with the purpose of this isometric exercise
being to help maintain flexibility or strengthen the muscles. An isotonic exercise to
increase muscle strength should be initiated after the pain or edema of the stump has
decreased, which typically occurs approximately three weeks after the surgery.

Elastic resistance bands, such as TheraBand are mainly used for these exercises in
clinical practice. The bands come in eight colors, depending on the amount of
resistance, allowing one to select a band according to individual fitness levels. The

TheraBand resistance bands can be applied in various ways for stump exercises. For
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example, when performing the lower extremity exercise, one side of the band is fixed to
a rigid structure and the other side is made into a ring shape and wrapped around the
stump, then adduction, abduction, flexion, and extension motions are repeatedly
performed. For upper limb amputations, the muscles that are the main targets for
exercise to help maintain muscle strength, body coordination, and endurance are the
residual deltoid, biceps brachii, trapezius, serratus anterior, and pectoralis major. For
lower limb amputations, the target muscles are the gluteus muscles, quadriceps

femoris, biceps femoris, semitendinosus, and semimembranosus.

Stump skin care

For all amputated body parts, special attention should be provided for skin care. To
prevent adhesion of the surgical incision scar on the stump after the surgery, a deep
friction massage is performed vertically around the scar line. The prosthesis is worn
following stump maturation through desensitization and stump reduction. At this time,
since the stump is inserted in the socket of the prosthesis, problems related to friction,
such as abrasion, blisters, edema, furuncles, or boils, as well as bacterial infections may
arise; therefore, proper hygiene is necessary. Of these complications, the management
of edema is especially important. If edema is left untreated, discoloration, blisters, or
ulcers may occur. As edema is exacerbated at high temperatures, care must be taken to
control the temperature in the stump, bandage, and socket. General edema
management methods include stretching, compression using elastic bandages,
pneumatic or cooling compression, lymph node massage, and the application of high-
voltage pulsed current. In severe cases of edema, the use of medications, such as anti-
inflammatory drugs or more invasive methods, such as corticosteroid injections are
adopted['8l. To prevent the aggravation of other skin problems, the skin and socket
must be washed regularly to keep them clean, and the stockinette, socks, or elastic
bandage worn on the stump must be properly dried after washing before use. Also,
shaving should be avoided as much as possible, as it may create new scars on the skin

surface. Cleansing products or perfumes containing alcohol should not be used on the
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amputated area, as the skin may become dry, resulting in cracking or peeling!'l.
Additionally, wounds and ulcers on residual limbs can be healed using a vacuum-
assisted socket suspension system, which can prevent the daily loss of stump volume
that occurs with conventional sockets and minimize skin irritation of the stump by

reducing shear stress(20l.

Management of phantom liimb pain

Phantom limb pain is a common complication of amputation, and its prevalence has
been reported to be 75%-80%[?!. Although the exact cause and pathophysiology of
phantom limb pain are not elucidated, it is often considered as neuropathic pain due to
dysfunction of the central and peripheral nervous systems!?!l, Phantom limb pain has a
high level of pain intensity and reduces the quality of life of amputees; it is challenging
to manage and treatl2l. Methods of minimizing phantom limb pain include analgesics,
mirror therapy, stump liners, acupuncture, targeted muscle reinnervation, repetitive
transcranial magnetic stirralation, and transcranial direct current stimulation (tDCS).
Others include imaginary phantom limb exercises, virtual and augmented reality, eye
movement desensitization and reprocessing therapy, and plasma radiofrequency
ablation. The commonly used methods are mirror therapy and transcranial magnetic
stimulation(?I-23]. Mirror therapy is a visual therapy that reflects the unaffected body of a
unilateral amputated patient on a mirror and makes the patient think that they have
limbs in the amputated areal?!l. Through this method, patients have the illusion that the
amputated body moves without pain. Cases of successful pain reduction_through
mirror therapy have been reported in patients with phantom limb painl225l, tDCS is a
brain stimulation method that is used to modulate cortical excitability, producing
facilitatory or inhibitory effects(2¢l. tDCS can improve motor function in the upper or
lower limbs and can be applied to patients with psychiatric problems to improve
symptoms/?7l. Mirror therapy and tDCS are non-invasive methods that cause
reorganization of neuroplasticity for functional coordination and recovery of the

brainl2426],
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In 2021, Gunduz et al?8l and Segal et all?’] investigated the effects of mirror therapy
and tDCS for the management of phantom limb pain. Gunduz et all#] compared the
effects of mirror therapy only, sham tDCS, tDCS, and the combination of these in 112
patients with traumatic lower limb amputation. Treatment was performed for four
weeks, and changes in pain were evaluated. The interventions were active or covered
mirror therapy for four weeks combined with two weeks of either active or sham tDCS
applied to the contralateral primary motor cortex. There was no interaction between
mirror therapy and tDCS (P = 0.13), and among the four interventions, active tDCS was
the most effective in reducing pain. Segal et all’l compared the effects of mirror therapy
only vs mirror therapy combined with tDCS. A total of 30 participants were recruited
and randomly assigned to the mirror therapy group, mirror therapy and sham tDCS
group, and mirror therapy and tDCS group. Treatment was carried out for two weeks,
and pain intensity was measured. After three months of the treatment, the degree of
pain in the group that received combined mirror therapy and tDCS was significantly
reduced compared with that of the groups that received mirror therapy only, mirror

therapy, and sham tDCS (P < 0.001).

Application of the prosthesis

There are no absolute rules for the selection of stump management methods, including
exercises or skin care regimens, or the optimal timing for beginning to wear a
prosthesis. Management decisions should be personalized for individual amputees
based on various factors, such as his or her physical or mental state, the state and
characteristics of the stump, and the purpose and timing of surgery. In general, a few
points should be considered when determining if the patient is ready to begin wearing
a prosthesis. For example, the stump must be well healed to minimize pain and reduce
the risk of infection. Additionally, the stump should be conical in shape to prevent
difficulties encountered with fitting the stump in the socket. Additionally, after
beginning to wear a prosthesis, it is necessary to continue training to ensure muscle

strength and balance are sufficient to allow for independent movement, and to
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minimize the risk of falls in the case of lower limb amputations. Figure 3 shows the
stump management procedures for the period after amputation surgery to wearing the

prosthesis.

CONCLUSION

This review summarized the methods for optimal stump management after
amputation, providing useful information for medical staff to help establish and
conduct rehabilitation programs for amputees.

Although many studies have been reported on stump management after upper arm,
forearm, upper leg and lower leg amputations, studies have been insufficient on
detailed management of a minor amputation (fingers or toes). Thus, future studies
should address stump management methods after minor amputations. Additionally,
general guidelines are used as management methods in all patients with amputation.
There is no specific information on which management and treatment should be
applied to certain situations after amputation. Different patients would require different
management protocols, depending on their unique characteristics. Therefore, future
studies should present management guidelines, according to demographic

characteristics and symptoms.
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