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Abstract

The article discusses some aspects related to such a crippling operation as amputation of a limb in children. The main groups of
children’s pathologies of the extremities that serve as indications for the truncation of a limb or part of it for vital indications and in
terms of improving the appearance are identified. An important aspect is the preliminary surgical preparation for prosthetics, which
involves performing re-amputations of the limb stump. Some features of the technique of amputations of the limb in children based
on the Russian school of orthopedic surgeons are described. When performing amputations in children, it is important to remember

not only about the features of the child’s growth, but also the subsequent functional prosthetics.
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Introduction

Amputation (amputatio) is the truncation, removal of the peripheral part of an organ or segment of a limb. One of the most severe
types of it is isolation or exarticulation (Exarticulatio)-the operation of removing the limb as a whole along the line of the articular fissure
(it occurs in 5.4% of cases [18]. The loss of a part of a limb in a growing child involves not only various physical (complete or partial viola-
tion of the function of the grip and cosmetics of the upper limb, support and walking of the lower limb), but also psychological changes
in its condition [7,12]. Amputations of limb segments performed in childhood have quite significant differences from adults. First, in
amputations, due to injuries, especially electrical trauma and burn injury, and at the proximal levels of the extremities, there is a risk of
significant blood loss, due to the accumulation of a large amount of blood in the tissues. Therefore, it is advisable to perform truncation
not within healthy tissues, but more distally, i.e. amputation should be preliminary. Thus, it is possible not only to avoid blood loss, which

increases the shock reaction, but also to preserve the longer bone lever necessary to control the prosthesis.

It is also necessary to take into account the further growth of the remaining part of the limb-the stump, the segment on which the

amputation was performed and the location of the growth zones, and their possible damage due to trauma.

What matters is the condition of the muscles and the intervention on them in the form of three different surgical techniques: myodesis,
suturing the antagonist muscles at the end of the stump, or truncation of the muscles, with the understanding that the distal part of the
muscle fibers finds new independent attachment points. Special attention is paid to the technique of processing bone sawdust and resec-

tion of nerve trunks, in order to exclude the formation of osteophytes and painful neuromas.

The use of so-called amputation schemes applied to the children’s contingent is absolutely excluded; it is more expedient to perform

amputation, as our very famous Russian surgeon N. L. Pirogov said, “according to the specifics of the case”.
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Also, one of the main differences of amputation in childhood is that the child, being in the stage of dynamic psychomotor development,
suddenly loses its correct physiological rhythm. With the loss of a limb, new living conditions are formed for the child, the adaptation to

which depends on the age and social environment in which he is located.

If there are clear indications for amputation due to congenital malformations, it must be performed before the end of the third year of
life, until the child has completed the formation of the body structure [2].

Accordingly, a surgeon performing an amputation should carefully, comprehensively and deeply think through its technical details,
present the features of the formation of the growth of a truncated limb, the consequences of the growth of the child himself having a
stump, and, of course, be guided in the issues of subsequent prosthetics [1,4,5,8,10,11,15,17,19-21].

Material and Methods

We distinguish the following 5 groups of pathological conditions of the limbs in children in accordance with the etiological sign, when
amputation:

e  May be an unavoidable life-saving operation
1. Injuries;
2. Vascular pathology;
3. Oncology;
e  Are made for cosmetic reasons or (most importantly) are a preparatory stage for prosthetics:
1. Congenital malformations;
2. Deformities of the stump.
Levels of amputations. For any segment of the upper or lower limb, amputation performed at any level is represented by:
e  Excision (exarticulation) in the joints;
e  Upper third, middle third, lower third (shoulder, forearm, femur, tibia and fibula);
e Hand (finger phalanges, metacarpal bones, carpal bones, separate fingers);
e The foot (the phalanges of the fingers, the bones of the tarsus, the bones of the metatarsus, separate fingers);
Based on this, the primary diagnosis is also formed.
The technique of performing amputations is often different and depends on its cause.

Amputation due to trauma, for example, from crushing, guillotine (chopped, cut), traction (separation), with multiple injuries can be
of the following nature:

e  Primary surgical treatment,
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e  Reconstructive surgery to model the size and shape of the stump.

In cases of congenital malformations, vascular lesions, and oncological diseases, the amputation technique should involve the final
formation of the limb stump (Figure 1-6).

Figure 1: Below knee stump of the right leg in a 13-year-old child after a rail injury. The size and shape of

the stump favorable for primary prosthesis.

Figure 2: Thrombosis of the brachial artery of the right upper extremity in a child 10 years.
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Figure 3: View the upper limb as a result of violations of the main blood flow.

Figure 4: Episode amputation, cutting out the back of the flap and opeli radiation (shorter) and ulna.
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Figure 5: View stump after suturing on epithelial tissue. View from the volar surface(a) and from the side(b).
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Figure 6: Laying the limb on a plaster splint after applying a bandage.

In amputations at the level of the feet, especially in the formation of the stump by Chopart, it is advisable to simultaneously extend the
Achilles tendon, the tension of which contributes to the formation of equinus deformation, which is clearly shown in figure 7. The teenager
underwent amputations at the level of both feet, and at the time of amputation, the achilles was elongated on the left foot, but not on the

right.

Figure 7: Amputation of the feet due to vascular disorders due to vascular pathology. To prevent the formation of equinus

deformity of the stump after amputation, it is advisable to lengthen the Achilles tendons during its implementation.
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Amputations due to congenital malformations involve:
e  Removal of excess segments or rudiments that interfere with the normal function of the limb,
e  Formation of functional stumps that are favorable for prosthetics.

A clinical example (Fig 8) demonstrates the formation of a conical stump of the shoulder and the performance of reamputation using

thoracodorsal flap plastic surgery according to the author’s method [14].

Another example shows a congenital malformation of the lower extremities, the longitudinal and proximal form of ectromelia in a
16-year-old girl. She moved only in a wheelchair and after amputating part of her left leg, she was able to use two prosthetic legs and walk

independently for the first time (Figure 9-13).

Figure 8: The standing of the bone part of the shoulder stump with its conical sharpness in a child of 8 years (a) and the

result of reamputation in which the end of the stump was plasticized with a thoracodorsal flap(b) to prevent relapse.
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Figure 9: Appearance of both lower limbs.

Figure 10: X-ray picture of both legs. The underdeveloped right limb is represented only by the tibia, a bone

located parallel to the femur and a deformed foot. Left transverse defect- below knee stump.
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Figure 11: The scheme of tissue incisions before amputation is outlined.

Figure 12: The neurovascular bundle was identified, and the plantar skin was prepared for transplantation
to the end of the stump of the femur. When walking in a prosthesis, a person feels the ground.
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Figure 13: The amputation was performed, the stump of femur is formed.

Often, the lack of skin, rough scars, and most importantly, the standing of the end of the stump of the radius through the soft tissues
made prosthetics impossible. Such a clinical example of the need for reamputation of the end of the forearm stump in a 15-year-old boy

after an electrical injury is shown in figure 14 and 15.

Figure 14: View of the right below elbow stump in a 15-year-old child after an electrical injury, it is planned
to re-amputate the stump and excise the scars as part of the preparation for prosthetics.
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Figure 15: View of the stump on the operating table.

With the exception of amputations due to injuries, all other types of truncation can be performed:
e  For functional and cosmetic indications,
e  As modeling the size and shape of stumps,
e  Asforming supporting stumps [6].

In this case, according to the localization of the segment to be removed, the distal part of the limb or the intermediate segment is am-

putated or resected.
Results and Discussion

There is no doubt that the consideration of all the above factors depends on the circumstances of the injury, the etiology, the disease
or the nature of the congenital malformation of the limbs, for which amputation is performed quite often. According to American authors,
about 60% of amputations are congenital, and 40% are the result of any damage [16]. This dependence is directly reflected in the tech-
nique of amputation itself. It should be noted that with congenital deformities of the limb segment, a small fragment of it can be truncated

[13], but even in this case, the basic principles of amputation must be observed.

Features of the amputation technique, the outcomes of the formation and growth of the truncated limb
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Level of amputation

Along stump is more suitable in functional terms (“amputate as low as possible” by N. I. Pirogov) for controlling the prosthesis. On the
long stump in the future, more favorable conditions are created for performing reconstructive operations. Taking into account the lag of
the stumps and overlying segments of the truncated limb in children in growth, it is advisable to perform separation in the joints (elbow
and wrist, knee and ankle, with” sawdust “ of the condyles and ankles (L. E. Rukhman,1964). This technique ensures the preservation
of growth zones, as well as the creation of supporting stumps [15]. It should be noted that there is a segmental lag in the growth of the

amputated limb.
Cutting of fabrics

When cutting the tissues, you should use a flap technique, leave the maximum reserve of soft tissues on the stump, remember about

the displacement of the postoperative scar in the process of unequal growth of soft tissues and bone.
The preparation of the periosteum

To cover the bone sawdust, it is necessary to use the periosteum. The periosteum, producing bone tissue in children, in 3 - 4 months
after amputation will lead to the formation of a bone bridge between the bones and serves as a prevention of conic shape of the stump and

uneven growth of tissues. To date, the optimal method is fascioperiostoplastic amputation according to S. Feoktistov.
Bone processing

Paired bones should not be truncated in the same way: on the forearm, the radius is resected proximal to the ulna, by 1.5 - 2.0 cm,
on the lower leg, the fibula is higher than the tibia by 3 - 4 cm. Failure to comply with this rule leads to the need to perform repeated re-
amputations during the growth of the child. It is impossible to remove the fibula, as a recurvation is formed in the knee joint, and the tibia
is deformed. The result of connecting the pointed fibula with the tibia through a groove on the outer surface of the latter is satisfactory. A
fracture of the bone can be used, retreating from its distal part and on the periosteal pedicle, the fragment is inserted into the groove on
the diaphysis of the tibia (according to M. L. Kuslik). The method of S. A. Novotelnov is similar, only a fracture of the resected longitudinal
fragment of the tibia embedded in the fibular diaphysis is used.

Muscle processing

To date, there are recommendations that the so - called myodesis should be performed with the suturing of the crossed muscles to the

end of the bone sawdust or overlap the bone sawdust with antagonist muscles that ensure the normal biomechanics of their functioning

[4].

At one time, the famous Russian surgeon S. F. Godunov in his monograph “Amputations and prosthetics”, wrote that there is no need
for this due to the phenomena of muscle atrophy occurring in the process of subsequent stump formation [3]. The muscles are spontane-
ously fixed to the bone sawdust and provide optimal control of the prosthesis. The bone, covered only by the skin, perfectly survives the
injury, while the stump does not lose its functional properties in the future from the point of view of reliable control of the prosthesis. If

it is impossible to cover the bone with the skin, it can be submerged under the skin of the chest, as well as with amputations in adults.
Nerve treatment

When processing nerve trunks, you should not resort to any complex techniques, but it is advisable to cross them slightly above the
level of muscle truncation (3 - 5 cm) after using Sol. Novocaini, 0.5% [11], since painful neuromas in children, unlike adults, are formed

very rarely, in 1% of cases [9].
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Forming the end of the stump

Skin plastic is also important in the formation of the limb stump in various ways: local tissues, split flap, flaps on the leg and from dis-
tant parts of the body. Plastic surgery by the Italian method is less significant from the point of view of S. F. Godunov, since it leaves rough

scars on a healthy thigh, lower leg, besides, the n. saphenus branch is damaged or crossed and sensitivity is lost.

After amputation of a part of the foot, a split flap skin graft can be used as a temporary measure, since due to the small weight of the
child, the foot can withstand the axial load. Complications in the form of ulceration with this method of covering the stump of the foot
are determined after 20 - 25 years and require radical surgical interventions in the adult state in the form of amputations according to

Pirogov, Saim or other methods.

Pirogov amputation in children should be performed typically, sparing the distal epiphyseal growth zone to prevent a sharp lag in the
growth of the lower leg. However, in many children, this area after amputation is quickly ossified and the shortening of the lower leg is
6-8-10 cm.

The operation should include economical removal of standing bones, excision of ulcers, scars of hyperkeratosis areas, and to close the

defects formed after excision of scars and ulcers, you can use plastic surgery with local tissues or a flap on the leg.
Postoperative period and its management

After amputation for 8 - 10 months. there is a process of changing the volume size and reducing the muscle mass of the stump or atro-
phy. The process of stump tissue atrophy is a natural phenomenon and it is important to manage it after amputation, taking into account

the purpose of the prosthesis design and the terms of use.

To change the volume of soft tissues, elastic bandages, silicone and textile covers can be used. As a result, the goal of metered compres-
sion is to provide optimal changes in the volume size of the stump. At the same time, bandaging and wearing a silicone cover reduces
swelling and infiltration of soft tissues, and also contributes to the formation of a stump that is convenient for prosthetics. In addition,
bandaging is a kind of training-an imitation of the compressive effect of the receiving sleeve of the future prosthesis, which reduces the

likelihood of rapid “weight loss” of the stump in the primary prosthesis.
When using elastic bandaging of the stump, you should pay attention to the following disadvantages and features:
e  Unevenly distributed compression effect on the soft tissues of the stump,

e  The need for individual selection of the desired degree of compression of the stump with a bandage and subsequent constant

monitoring of the sensitivity of the stump,
e  The strictest prohibition on the use of the technique during the child’s sleep,
e  Periodic monitoring of the effectiveness of compression by the doctor and compliance with the rules of bandaging by the patient,
e Individual determination of the end date of bandaging.
Contraindications to elastic bandaging are vascular disorders, non-healing wounds, suppuration and dermatitis.

The recommended use of a silicone cover is more favorable than elastic bandaging, as it provides:
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e  Moderate uniform compression effect on the soft tissues of the stump;

e  The contact of silicone with the keloid scar of the end face (as well as the scars of other areas) of the stump, makes it “formed”,

that is, free from fusion with the underlying soft tissues, elastic and less painful;
e Dosed atrophy of the function of the sweat glands of the stump.

An important issue is the duration of the use of bandaging. Thus, the wearing of a silicone or textile compression cover is carried out
until the moment of verticalization in the prosthesis and, if necessary, can continue during the use of the prosthesis. The duration of the
use of elastic bandaging is determined individually, according to the results of the effectiveness for each patient. Silicone, textile cover or

elastic bandaging are applied daily.
The cover or bandage is put on the stump for the whole day, removed during the day and night sleep.

In conclusion, we note that elastic bandaging is carried out in surgical or orthopedic hospitals, and wearing a silicone sleeve in prepa-
ration for primary prosthetics. However, at present, the availability of silicone covers allows you to use them instead of elastic bandaging

and in hospital settings.
Care of covers and bandages

The silicone case needs daily hygienic treatment. After the end of use (probably before going to bed), it should be washed with any
soap that does not contain irritating chemical components. The cover is dried during the night in a natural way with the help of a special
suspension (included in the set of covers in particular the OTTO BOCK campaign) away from heating appliances. The textile cover and

elastic bandage are subject to regular washing.
Care for the stump

For daily care, we recommend a contrast shower of the stump, washing it with baby soap and drying it with a soft towel. A light mas-

sage of the stump will help restore blood circulation, normalize skin sensitivity and make it easier to adapt to the absence of a limb.

To prevent excessive growth of scars and tissue adhesions, as well as to treat them, a deeper massage with small circular movements
is required. Often it is the adhesions of tissues in the formation of scars that cause pain. However, it is necessary to refrain from massage

until the swelling of the tissues subsides, the duration of which in the postoperative period is about 2-2. 5 weeks.
Prosthetics of the child after amputation

The rational and correct technique of performing amputation ensures the formation of a new organ - the limb stump, which provides
optimal interaction with the artificial limb-prosthesis. Optimal for prosthetics is a limb stump of sufficient length (at least 10 - 15 cm),
with a good supply of soft tissues, moderately conical shape, mobile in the overlying joint and painless, conveniently located in the receiv-

ing sleeve of the prosthesis and provides the necessary algorithm for controlling it.
Features of the child’s growth, after amputation of the limb

After amputation, during the growth of the child, there are changes in the musculoskeletal system, and in some cases, in the internal
organs. Amputation of the upper limb due to an imbalance in the shoulder girdle leads to a violation of posture in the sagittal and frontal
planes; after it, there may be a displacement of the mediastinal organs. The asymmetry of the posture leads to a change in the spring sus-

pension system of the shoulder girdle.
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Amputation of the lower limb in children leads to deformation and atrophy of the corresponding half of the pelvis, curvature of the
spine, the development of flat feet on a healthy limb. Valgus or varus deformities may form in the knee joint of the preserved limb. This
deformity is also provoked by poor-quality prosthetics, incorrect construction of the prosthesis assembly scheme, as a result of which the

amputated limb is incorrectly loaded.
Conclusion

Thus, when performing limb amputations in children, it is advisable to take into account the anatomical features of the amputated limb
segment, the nature of the subsequent growth of the stump and the growth of the patient himself, the features of the proposed prosthetics.
A child after amputation until the end of its growth should be under the supervision of a pediatrician, pediatric orthopedic surgeon, as

well as a prosthetist. In Russia, the replacement of the prosthesis is carried out at least once a year.
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