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1. Abstract
Electric injuries to a child can lead to amputation of the upper limbs 
at various levels.  Often the remaining parts of the limbs, stumps, 
cannot be used to manipulate prostheses without preliminary sur-
gical preparation.  The presence of rough scars, deficiency of soft 
tissues at the ends of the stump and bone perforation, limitation 
of mobility in the joints, these are the basic clinical reasons re-
quiring surgical treatment.  The formation of a full-fledged stump 
ensures a good fit and control of the artificial limb in the child's 
constant daytime activities.  The paper describes the rehabilita-
tion of a 15-year-old teenager who had his right arm amputated at 
forearm level (below elbow stump) and left arm at shoulder level 
( exarticulation in elbow joint) as a result of an electric damages .  
With the help of a surgical operation, it was possible to eliminate 
medical problems of both upper limb stumps, and a month after 
the operation, the boy received the first prosthesis of his right hand 
with an external source of energy and was able to perform import-
ant self-care tasks.

2. Introduction  
Injuries to the limbs in children as a result of exposure to electric 
current are not uncommon in the structure of childhood trauma-
tism and, according to various burn centers, they occurred from 
1 to 8% of cases [18, 22] and often caused disability and deaths 
[3, 4].  Preschool children were injured by contact with household 
electrical appliances, adolescents suffered from high-voltage cur-
rents [9, 14].  Most often, electric burns occurred in adolescents 
and children who do not have sufficient knowledge about the dan-
gers of electricity [1, 2, 5, 6, 23, 24, 13, 19].

Electrical injury occurs through direct contact with an electric cur-
rent conductor, contactlessly through an arc contact (high voltage 
currents), from a "step voltage" arising from the potential differ-
ence between two parts of the body touching the ground near the 
lying wire.  The main factors determining the severity of electric 
burns are the type, strength and voltage of the electric current, the 
duration of its action and tissue resistance.

It is noted [3] that, depending on the physical characteristics of the 
electric current, an electrical injury can be:

•	 low voltage (when the voltage does not exceed 1000 V);

•	 high voltage (over 1000 V);

•	 ultra-high voltage (tens and hundreds of kilovolts).

Depending on the area of the electric burn, it is customary to dis-
tinguish 4 groups of victims:

•	 slightly injured (burns up to 1% of the body area.);

•	 victims of moderate severity (burns from 1 to 5%);

•	 victims in serious condition (burns up to 10%);

•	 victims in an extremely serious condition (burns more 
than 10%).

Indications for amputation of a part of the limb were identified in 
12% of children [14].  At the same time, the choice of indications 
for amputation is based on the physical characteristics of the elec-
tric current, the localization of burns, the degree of disruption of 
trophism and innervation of the affected area of the limb.

Electric trauma is characterized by deep and widespread lesions of 
the subcutaneous tissue, neurovascular trunks, muscles, through 
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which, due to the difference in the resistance of these media, the 
electric current passes faster than on the surface of the skin [23, 
24, 25].  After overcoming the resistance of the skin, electrical en-
ergy follows the path of least resistance - along the nervous tissue 
and blood vessels, affecting the surrounding tissues and leading to 
general changes [10].

The severity of the consequences of electric trauma in children 
dictates strict compliance with the algorithms of medical care, de-
pending on the severity of the child's condition and the physical 
characteristics of the current [16, 17, 18, 21].

With deep electrical burns in 10-15% of cases, the functional un-
suitability of the limb is diagnosed, which requires a solution to the 
issue of amputation.  The indication for this is the total necrosis of 
the soft tissues of the limb or its segment, the involvement of the 
joint or the main neurovascular bundle in the process.  Late exe-
cution of amputation is fraught with the development of gangrene 
and sepsis.  The higher the level of total death of the tissues of the 
limb, the more severe the patient's condition, the earlier amputa-
tion is performed (on average, from 2 to 5-6 days, and sometimes 
during the first two days).  The death of 2/3 of the muscle tissue of 
two or three segments of different limbs is a direct indication for 
amputation.  The extremely serious condition of the victim is a di-
rect indication for early amputation with the indispensable conduct 
of intensive transfusion therapy [1, 4, 7, 11, 20].

If the viability of less than 1/3 of the muscle tissue, one or two seg-
ments of different limbs, especially in their distal part, is impaired, 
expectant tactics are advisable.  The determining factor here is the 

degree of circular lesions and exposure of the bones of the low-
er third of the forearm, wrist joint, the possibility of early or late 
skin-plastic interventions, the total area of thermal damage and 
deep burns.  This can reduce the frequency or rate of amputation 
and improve functional outcomes.  After amputation, drainages are 
left and guide stitches are applied to the stump.  Wound healing by 
secondary intention in the future requires the closure of the defect 
with an autograft. The formation of the stump for the prosthesis is 
performed later, during the rehabilitation period [8, 12,15].

This work focuses on the medical and technical problems of reha-
bilitation of children with upper limb stumps after electrical injury.  
Features of the clinical characteristics of the upper limb stumps are 
of decisive importance for the forthcoming prosthetics.

3. Material and Methods
A 15-year-old child from the Republic of Kazakhstan was under 
observation, whose right arm was amputated at the level of the 
upper third of the forearm and the left arm at the level of the left 
elbow joint in December 2020 after a high-voltage electrical injury 
(exarticulation was made in it).

In the lower third of the right shoulder and on the stump of the 
right forearm, there were rough painful scars of the skin, and addi-
tionally, in the distal part of the right forearm stump, skin deficien-
cy and penetration of the ends of the forearm bones were revealed 
(Figure 1, 2, 3).  Osteophytes were determined on the bones, which 
had painful sensitivity to palpation They were located at the points 
of contact with the walls of the prosthesis socket.  The same rough 
cicatricial lesions of soft tissues were found in the midle and lower 
third of the left shoulder stump (Figure 4). 

Figure 1: X-ray of the stumps of the right forearm in the upper third and the stump of the left shoulder after exarticulation in the elbow joint. Osteo-
phytes of the ends of the forearm bones are visible
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Figure 2: The maximum angle of flexion in the elbow joint of the stump of the right forearm is shown. Such flexion will not ensure the active function 
of the prosthetic arm

Figure 3: View of the stump of the right forearm on the operating table. Rough scars of the skin shoulder and the end of the forearm, penetration of the 
right radius. The use of a prosthesis is excluded
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Figure 4: View of the stump of the left shoulder on the operating table. A long, rough and painful scar at the level of the middle and lower third of the 
stump

 The depth of tissue damage by electric current was so pronounced 
that movements in the right elbow joint were limited and were 
carried out within 30 degrees (Figure 2).  A defect in muscle tissue 
in the projection of the biceps muscle was contoured under the 
skin and identified with ultrasound and by the fingers restriction of 
movement could also be triggered by cicatricial changes within the 
tissues of the elbow joint itself.

It was not possible to carry out prosthetics with such clinical fail-
ure.  It was decided to surgically correct the existing shortcomings 
of the stump: excision of rough scars and skin grafting in their area 
with local tissues, excision of welded scars and tenolysis of the 
biceps tendon of the right forearm stump, excision of rough scars 
in the area of the left shoulder stump.

Resection of osteophytes and skin grafting with local tissues were 
planned to form the end of the right below elbow stump.

4. Results and Discussion
It is well known that a stump is optimal for prosthetics, the shape 
and dimensions of which allow you to easily fit the prosthesis 
socket.  The presence of full-fledged movements in the preserved 
joints helps to realize the natural pattern while controlling the 
mechanism of the artificial limb.  However, the stump after electri-
cal injury has striking clinical disadvantages that do not allow for 
prosthetics and require surgical correction.  After the formation of 
a full-fledged stump, the question of making an upper limb pros-
thesis can be raised.

Under general anesthesia, the child consistently performed elim-
ination of the defects of both stumps of the upper extremities.  At 
the first stage, coarse scars were excised on the left arm in the area 
of the lower third of the right shoulder and the end of the stump.  
The osteophytes of the radius and ulna were resected.  The ends of 
the forearm bones were rasped and smooth.  Scars were excised in 
the area of the biceps muscle of the right shoulder, which limited 
mobility in the elbow joint.  After excision, it was possible to bend 
the stump at the elbow to an angle almost of 90 degrees.  Per-
formed skin grafting with local tissues (Figure 5, 7).

The forearm stump was immobilized in a corrected position for 3 
weeks with a plaster splint. The next stage was performed by exci-
sion of rough and painful scars of the left shoulder stump and skin 
grafting in the area of damage (Figure 6).  Healing of the wounds 
of both hands took place by first intention, without complications.  
The stitches were removed on day 10.  But a week after the oper-
ation, the child began to receive physiotherapy and physiotherapy 
exercises.

Prosthetics became possible 4 weeks after the operation.  The 
stumps of the forearm and upper arm of the optimal size and shape 
after surgical treatment did not cause difficulties in taking the im-
pression and fitting the socket of the prosthesis.

The patient received an active bionic prosthesis from Motorika, 
Russia (Figure 8, 9, 10, 11), Which he successfully began to use in 
his daily activities.
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Figure 5: The stump of the right forearm immediately after eliminating the shortcomings

Figure 6: The stump of the left shoulder after elimination of the scar and skin grafting. During the operation, the shoulder condyles were resected, 
which will allow in the future to produce an active shoulder prosthesis with an artificial elbow joint and the same length of both arms
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Figure 7: Possible flexion in the right elbow joint 3 weeks after surgery

Figure 8: The patient is in the first below elbow prosthesis, which was 
made 4 weeks after the operation

Figure 9: Some examples of the first skills of using a russian bionic below 
elbow prosthesis of the "Motorica"

Figure 10: Some examples of the first skills of using a russian bionic 
below elbow prosthesis of the "Motorica"
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Figure 11: Some examples of the first skills of using a russian bionic 
below elbow prosthesis of the "Motorica"

5. Conclusion
The type of electrothermal injury in children depends on age and 
social activity.  Electric shock, lead to severe injuries, high dis-
ability and mortality.  Combined and combined lesions are often 
noted.  A serious complication of electrical injury is the amputa-
tion of a limb, especially the upper one.  It becomes very important 
not only to form the stump itself for high-quality prosthetics, but 
also other skin integuments of the injured limb, especially those 
located in the zone of contact with the details of the prosthesis.  
The presence of soft tissue deficiencies in the form of scars, bone 
deformities and limitation of mobility in the joints are the need for 
preliminary surgical treatment before the manufacture of a pros-
thesis.  The functional result of prosthetics is much higher if the 
stumps are mobile, have a favorable size and shape.

       References

1.	 Baindurashvili AG, Afonichev KA, Tsvetaev EV.  High-voltage 
electric burns in children.  Children’s hospital №1 NIDOI them.  
G.I.  Turner of the Ministry of Health of the Russian Federation.  
SPb. 2002.

2.	 Berezin VN, Degtyarev AA, Zverev EV. What clinical practice 
teaches in the treatment of electrical burns.  Materials of the interna-

tional conference dedicated to the 70th anniversary of the N.N.I.I. 
Janelidze and the 55th anniversary of the burn center.  SPb. 2002: 
246-48.

3.	 Fayazov AD, Tulyaganov DB. The current state of the problem of 
electrotrauma. J.Vestnic of emergency medicine. 2016; 4: 106-10.

4.	 Vazina IR, Bugrov SN.  The main causes of death of burned people 
in the eighties and nineties of the twentieth century.  Materials of 
the international conference dedicated to the 70th anniversary of 
the N.N.  I.I.  Janelidze and the 55th anniversary of the burn center.  
SPb. 2002: 40-2.

5.	 Vecherkin VA, Gisak SN, Koralev PV.  Shock trauma in children.  
Pediatrics.  Zhurn im.  G.N.  Speransky 2005; 2: 39-41.

6.	 Vecherkin VA, Koralev PV, Neino ND.  Features of high-voltage 
electrical injury in school-age children.  Pediatric Surgery. 2007; 
1: 28-31.

7.	 Davronov EO.  Radiological changes in the bones of the hand at 
a later date after deep electrical burns and computed tomographic 
densimetry.  Materials of the international conference dedicated to 
the 70th anniversary of the N.N.  I.I.  Janelidze and the 55th anni-
versary of the burn center.  SPb. 2002: 260-62.

8.	 Koryukov AA. “Rehabilitation in children with hand defects”. St. 
Petersburg, Hyppocrates. 2010: 367.

9.	 Koltakova МP, Vecherkin VА. Electrotrauma in children. Russian 
pediatric journal (Russian journal). 2019; 22: 315-7.

10.	 Kuznetsov VA, Popov CB.  Electrical injury and electrical burns: 
pathogenesis, clinical picture and treatment.  M. 2004.

11.	 Kurinny HA, Polyakov AB, Kurinny SN, Bogdanov SB.  Ampu-
tation of large segments of the limbs in burn injury.  Collection of 
scientific papers of the 1st congress of combustiologists of Russia.  
M. 2005: 174-76.

12.	 Paramonov BA, Ya PO, Yablonsky VG.  Burns.  A guide for doctors.  
SPb Special Literature. 2000: 59-69.

13.	 Rugin MV.  Elimination of tissue defects in case of electric shock. 
Collection of scientific papers of the 3rd congress of combustiolo-
gists of Russia.  M. 2010: 212-14.

14.	 Rubtsov VV, Tsap NA, Shtukaturov KA.  Features of the treatment 
and rehabilitation of children with electrothermal injury.  J.VEST-
NIK RGMU.RU.  2016; 51.

15.	 Shvedovchenko IV, Agranovich OE. Secondary deformities of the 
upper limbs in children with the consequences of high-voltage elec-
tric burns.  In collection: Actual problems of pediatric traumatology 
and orthopedics: collection of works.  scientific works of the Scien-
tific and Research Institute for Children’s Orthopedics.  G.I.Turner.  
SPb. 2000: 105-7.

16.	 Yilmaz AA, Köksal AO, Ozdemir О. Evaluation of children pre-
senting to the emergency room after electrical injury. Turk J Med 
Sei. 2015; 45: 325-8.

17.	 Demling RH, Santis D, Orgill DP. High-tension electrical burns: 
general principles. 

18.	 Choi M, Armstrong MB, Panthaki ZJ. Pediatric hand burns: ther-
mal, electrical, chemical. J CraniofacSurg. 2009; 20: 1045-8.

C:\Users\Canopus\AppData\Local\Temp\Rar$DIa8880.49148\Amputation of large segments of the limbs in burn injury.  Collection of scientific papers of the 1st congress of combustiologists of Russia
C:\Users\Canopus\AppData\Local\Temp\Rar$DIa8880.49148\Amputation of large segments of the limbs in burn injury.  Collection of scientific papers of the 1st congress of combustiologists of Russia
C:\Users\Canopus\AppData\Local\Temp\Rar$DIa8880.49148\Amputation of large segments of the limbs in burn injury.  Collection of scientific papers of the 1st congress of combustiologists of Russia
C:\Users\Canopus\AppData\Local\Temp\Rar$DIa8880.49148\Amputation of large segments of the limbs in burn injury.  Collection of scientific papers of the 1st congress of combustiologists of Russia
C:\Users\Canopus\AppData\Local\Temp\Rar$DIa8880.49148\Elimination of tissue defects in case of electric shock. Collection of scientific papers of the 3rd congress of combustiologists of Russia
C:\Users\Canopus\AppData\Local\Temp\Rar$DIa8880.49148\Elimination of tissue defects in case of electric shock. Collection of scientific papers of the 3rd congress of combustiologists of Russia
C:\Users\Canopus\AppData\Local\Temp\Rar$DIa8880.49148\Elimination of tissue defects in case of electric shock. Collection of scientific papers of the 3rd congress of combustiologists of Russia
https://pubmed.ncbi.nlm.nih.gov/26084122/
https://pubmed.ncbi.nlm.nih.gov/26084122/
https://pubmed.ncbi.nlm.nih.gov/26084122/
https://pubmed.ncbi.nlm.nih.gov/19634213/
https://pubmed.ncbi.nlm.nih.gov/19634213/


clinicsofsurgery.com                                                                                                                                                                                                                                                                       8

Volume 6 Issue 7-2021                                                                                                                                                                                                                                    Research Article

19.	 Kym D Seo DK, Hur GY, Lee JW. Epidemiology of electrical in-
jury: Differences between low- and highvoltage electrical injuries 
during a 7-year study period in South Korea. Scand. J.Surg. 2015; 
104: 108-14.

20.	 Maghsoudi H, Adyani Y, Ahmadian N. Electrical and lightning inju-
ries. J Burn Care Res. 2007; 28: 255-61.

21.	 McManus WF, Mason AD Jr, Pruitt BA Jr. Excision of the burn 
wound in patients with larg burns. Arch Surg. 1989; 124: 718-20.

22.	 Peyron PA, Cathala P, Vannucci C, Baccino E. Wrist fracture in a 
6-year-old girl after an accidental electric shock at low voltages. Int 
J Legal Med. 2015; 129: 297-300.

23.	 Walters JK. Characteristics of occupational burns in Oregon, 2001-
2006. Am J Ind Med. 2009; 52: 380-90. 

24.	 Williams C. Successful assessment and management of burn inju-
ries. Nurs Stand. 2014; 23: 53-4. 

25.	 Wirrell EC. Epilepsy-related injuries. Epilepsia. 2006; 47: 79-86.

https://pubmed.ncbi.nlm.nih.gov/24809357/
https://pubmed.ncbi.nlm.nih.gov/24809357/
https://pubmed.ncbi.nlm.nih.gov/24809357/
https://pubmed.ncbi.nlm.nih.gov/24809357/
https://pubmed.ncbi.nlm.nih.gov/17351442/
https://pubmed.ncbi.nlm.nih.gov/17351442/
https://pubmed.ncbi.nlm.nih.gov/2730325/
https://pubmed.ncbi.nlm.nih.gov/2730325/
https://pubmed.ncbi.nlm.nih.gov/24733506/
https://pubmed.ncbi.nlm.nih.gov/24733506/
https://pubmed.ncbi.nlm.nih.gov/24733506/
https://pubmed.ncbi.nlm.nih.gov/19235766/
https://pubmed.ncbi.nlm.nih.gov/19235766/
https://pubmed.ncbi.nlm.nih.gov/19441628/
https://pubmed.ncbi.nlm.nih.gov/19441628/
https://pubmed.ncbi.nlm.nih.gov/17044832/

