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INTRODUCTION 
Combat injuries of peripheral nerves differ significantly 
from injuries of peripheral nerves in peacetime in the se-
verity of the lesion, the nature of the restoration processes 
of the nerve trunks structure and function, require the use 
of more complex differentiated surgical approaches.

Mine-blast and gunshot wounds to the extremities are an ex-
tremely pressing problem in both wartime and peacetime. The 
main type of damage in wartime is a mine-blast injury, which 
accounts for about 75%, of which 70% have limb injuries [1]. 
Current data from 9% to 25% when mine-blast trauma existing 
damage peripheral nerves (PN) and the actual combat injuries 
make up 12 to 25% of all causes damage to the brachial plexus 
structures [2]. The severity of the patient's injury is determined 
by the caliber and type of wounding projectile, the presence 
of combined damage to blood vessels, nerves, bones of the 
extremities and soft tissues, which are up to 80% [3].  

Gunshot wounds remain one of the most common causes of 
fractures and the leading cause of disability in the world. According 
to the Centers for Disease Control, intentional gunshot wounds 
are the seventh most violent accident in the United States. [4, 5]. 

That is, this type of injury is not uncommon in peace-
time. In the United States, 300,000 people receive gunshot 
wounds each year, 24,000 of whom die [6]. 

In the structure of traumatic injuries, injuries of the 
upper and lower extremities are about 6%, but in terms of 
disability take first place. It is the damage to the extremities 
that causes significant both moral and material damage, 
as patients become incapacitated. According to studies by 
some scientists [7], gunshot wounds to peripheral nerves 
in peacetime account for 7.1% of the total structure of 
their injuries.

Combat damage to peripheral nerves leads to loss of mo-
tor, sensory, autonomic functions of injured limbs, which is 
also manifested by hyperalgesia, hyperpathy, neuropathic 
pain and more.

These patients are among the areas of interest of neuro-
surgeons, neurologists, traumatologists, psychologists and 
psychiatrists, rehabilitation specialists etc.

Given the current armed conflicts in the world, solving 
the problem of effective and adequate care for the wounded 
with combat injuries of peripheral nerves is urgent and 
necessary.

THE AIM
Improving the effectiveness of patients' treatment with 
combat injuries of the peripheral nervous system, which 
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consists in the application and development of new meth-
ods of reconstructive interventions, optimizing a set of 
therapeutic and diagnostic measures for the most effective 
management of this category of patients with peripheral 
nerve injury.

MATERIALS AND METHODS
The research is based on the results of surgical treatment of 
138 servicemen and civilians with gunshot and mine-ex-
plosive injuries of peripheral nerves for the period from 
2014 to 2020. The age of patients ranged from 18 to 62 
years, the mean age was 33.5 ± 2.1 years (M ± σ). Male 
patients predominated – 98.6%, women among patients 
were only 2 people (1.4%). Patients were treated for 1 to 
11 months after injury (median – 8 months). Damage to 
the nerves of the upper extremities accounted for 55% of 
cases, the lower – 45%. Damage to the sciatic nerve was 
observed in 26.1%, ulnar – in 20.3%, median – in 18.8%, 
radial – in 15.9%, tibial – in 10.9%, common peroneal 
nerve – in 8% of cases (Fig. 1).

The degree of movement recovery was assessed by the 
MRC (Medical Research Council) scale from M0 to M5, 
sensitivity – from S0 to S5 [8].

The severity of the pain syndrome was assessed by the 
Visual Analogue Scale VAS (1-10) [9].

Approximately 20% of victims have damage to several 
nerve trunks, 45% have severe concomitant lesions of 
muscles, blood vessels, internal organs.

Among the examined 138 patients, in 83 cases (60.1%) 
partial nerve damage was detected, in 55 (39.9%) – com-
plete. The causes of nerve damage were: debris (Fig. 2), 
bullet, mine-explosive injuries, nerve rupture as a result 
of bone fractures, damage by sharp objects, iatrogenic 
nerve damage.

Among the etiological factors that caused partial nerve 
damage, mine-explosive and bullet wounds were most 
often noted (Fig. 3) – 67 people (80.7%), less often nerves 
were injured in fractures of limb bones – 7 observations 
(8.4%), in 4 cases (4.8%) there was damage to nerves during 
the operation, as well as there were harness injuries to the 
extremities, injuries with sharp objects (metal objects) – 3 
cases (3.6%), in 2 cases %) the cause of nerve damage was 
compression damage to the extremities.

The analysis of short-term and long-term results of 
treatment of patients with combat trauma of the PN was 
performed by assessing motor and sensory function, the 
severity of pain using a scale assessment and additional 
objective research methods (neurophysiological and 
neuroimaging). The neurophysiological included EMG 
(electromyography) and ENMG (electroneuromyography). 
Neuroimaging methods – X-ray, CT (computed tomog-
raphy), MRI (magnetic resonance imaging), ultrasound 
examination of the extremities.

The neurophysiological complex of preoperative diag-
nostics consisted of the following methods: ENMG with 
assessment of motor and sensory functions of peripheral 
nerves, F – wave and H – reflex parameters; Intramuscular 

EMG with assessment of spontaneous muscle fiber activity 
and calculation of motor unit parameters.

Electromyographic studies were performed on a Neu-
ro-MVP Copyright NeuroSoft device (Russian Federa-
tion). Stimulation was performed from the cathode (in 
some cases from the anode) with pulses lasting 0.05 ms, 
frequency 1 per second, the intensity of stimulation was 
selected individually, often at the level of 20-35 mV (10-
30 mA), based on the level at which achieved maximum 
amplitude of nerve action potential (AP) and muscle AP. 
They were recorded simultaneously for each stimulus using 
two lead channels. Deployment speed 10 ms / division, 
amplifier sensitivity – from 100 to 2000 μV for nerve AP, 
100 to 10,000 μV – for muscle AP. Frequency pass band 
from 10 to 10,000 Hz. Averaged 4 responses to calculate 
each of the AP.

The examination used three main EMG techniques: the 
study of M-response and the rate of propagation of exci-
tation on the affected and symmetrical nerves, the study 
of sensory conduction, needle electromyography with 
analysis of spontaneous muscle fiber activity and study of 
motor unit potential. Additionally, a modified method of 
studying the M-response was used in the removal of the 
needle electrode from the denervated muscle.

Intraoperative diagnostics was performed using a the 
Miorhythm-021 electrical stimulator (Ukraine, Kyiv). 
Pulsed current stimulation assessed the ability of the mus-
cles innervated by the studied nerve to contract.

The period of follow-up – 12 – 18 months.
Statistics. The analysis of the study results was performed 

using the package EZR v. 1.35 (R statistical software 
version 3.4.3, R Foundation for Statistical Computing, 
Vienna, Austria) [10, 11]. In groups with small samples, 
the following nonparametric methods were used: when 
comparing changes in rank quantitative traits after treat-
ment, the T-Wilcoxon test was used for related samples; 
when comparing the results in more than two groups, the 
Kruskal-Wallis criterion was used, and the Dunn multi-
ple comparison criterion was used to perform pairwise 
posterior comparisons. The analysis used criteria from 
the bilateral critical area, the critical level of significance 
is taken to be equal to 0.05.

RESULTS
According to the results of surgical treatment of 138 
wounded, there was performed, depending on nerve dam-
age, nerve decompression (neurolysis) (in 72.7% of cases, 
including in combination with implantation of electrical 
stimulation systems), nerve suture (in 19.3%), and in the 
case of large defects – nerve grafting with the use of sural 
nerve (in 8% of cases) – Fig. 4.

Conditions for surgical treatment of combat injuries of 
peripheral nerves: intervention by a specialist who has the 
skills of microsurgical techniques with a thorough knowl-
edge of the topographic anatomy of peripheral nerves, able 
to provide accurate diagnosis of the nature, degree and level 
of nerve damage; the presence of an operating microscope; 
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availability of microsurgical instruments, suture material, 
equipment for intraoperative electrodiagnostics; adequate 
anesthesia.

All surgeries were performed using a microscope (un-
der X 12 optical magnification), appropriate microsur-
gical instruments, and microsuture material. Evaluated 
the immediate and long-term results of treatment. The 
immediate results of treatment were evaluated in the 

period from 3 to 6 months, long-term – in the period 
from 9 to 12 months.

The indicators of nerve recovery on the MRC scale to 
M0-M2, S0-S2 were considered unsatisfactory; satisfactory 
– up to M3, S3; good – up to M4-M5, S4-S5.

In the period from 3 to 6 months, the degree of recovery 
of motor function to M0-M2 was observed in 52.3%, to M3 
– in 40.6%, to M4 – in 6.5%, to M5 – in 0,6%. The degree 
of recovery of sensitivity to S0-S2 was observed in 45.7%, 
to S3 – in 46.8%, to S4 – in 5%, to S5 – in 2.5%.

In the period from 9 to 12 months, the degree of recovery 
of motor function to M0-M2 was observed in 40.6%, to M3 
– in 35.5%, to M4 – in 16.7%, to M5 – in 7 , 2%. The degree 
of recovery of sensitivity to S0-S2 was observed in 36.2%, 
to S3 – in 42.8%, to S4 – in 17.4%, to S5 – in 3.6% (Table I).

We also answered the question of whether the treatment 
rates significantly improved before and after surgery in 
groups according to the damaged nerve.

In each group we compared the degree of nerve dysfunc-
tion on the MRC scale (movements and sensitivity) before 
and after surgery – in the long term – 9-12 months).

Fig. 1. Distribution diagram of the com-
bat damage frequency to the nerves of 
the upper and lower extremities

Fig. 2. Removal of a fragment from the tibial nerve Fig. 4. Tibial nerve grafting

Fig. 3. Bullet damage to the radial nerve in the upper third of the shoulder
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The analysis was performed using the Wilcoxon Matched 
Pairs Test, which is used to test two related samples, such 
as before and after surgery, to determine whether repeat-
ed measurements are the same on separate observations 
(Table II).

The same indicators were obtained for the improvement 
of motor and sensory function in 5 groups at the level of 
significance p <0.001 and in 1 group at the level of p = 0.004. 
Thus, we can conclude that in all patients was significantly 
improved the recovery of all nerves.

Table I. Indicators of nerve recovery in 9-12 months.

Nerves Surgery

Degree of recovery, points

TotalMovements Sensitivity

0-2 3  4 5 0-2 3 4 5

Ulnar

Nerve suture 6 2 - - 5 2 1 - 8

Nerve grafting 2 3 - - 2 3 - - 5

Nerve decompression 7 2 2 4 4 8 2 1 15

Median

Nerve suture 5 2 3 - 4 4 2 - 10

Nerve grafting 3 - - 3 - - 3

Nerve decompression 5 6 2 - 4 4 5 - 13

Radial

Nerve suture 2 4 - - 2 4 - - 6

Nerve grafting 4 3 - - 5 2 - - 7

Nerve decompression 4 2 2 1 2 3 3 1 9

Common peroneal
Nerve suture - 2 1 - - 2 1 - 3

Nerve decompression 5 3 - - 5 3 - - 8

Tibial
Nerve grafting 2 1 - - 2 1 - - 3

Nerve decompression 6 3 2 1 6 4 2 - 12

Sciatic
Nerve suture - 2 2 - - 1 3 - 4

Nerve decompression 8 11 9 4 9 15 5 3 32

Total 56 49 23 10 50 59 24 5 138

Table II. Pairwise comparisons of treatment results after surgery separately according to the damaged nerve

Pair of Variables
Wilcoxon Matched Pairs Test  

Marked tests are significant at p <0,05

Valid T – Z p-value

Sciatic nerve:  
MRC-scale, movements and sensitivity (before surgery) & MRC-
scale, movements and sensitivity (after 9-12 months post-op)

36 0,00 <0,001

Ulnar nerve:  
MRC-scale, movements and sensitivity (before surgery) & MRC-
scale, movements and sensitivity (after 9-12 months post-op)

28 0,00 <0,001

Median nerve:  
MRC-scale, movements and sensitivity (before surgery) & MRC-
scale, movements and sensitivity (after 9-12 months post-op)

26 0,00 <0,001

Radial nerve:  
MRC-scale, movements and sensitivity (before surgery) & MRC-
scale, movements and sensitivity (after 9-12 months post-op)

22 0,00 <0,001

Tibial nerve:  
MRC-scale, movements and sensitivity (before surgery) & MRC-
scale, movements and sensitivity (after 9-12 months post-op)

15 0,00 <0,001

Common peroneal nerve:  
MRC-scale, movements and sensitivity (before surgery) & MRC-
scale, movements and sensitivity (after 9-12 months post-op)

11 0,00 0,004
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The analysis revealed a statistically significant (p<0.05 
by Kruskal-Wallis test) difference in treatment outcomes 
between the group where the sciatic nerve was damaged 
and between the groups where other nerves were injured. 
At the same time, the indicators of motor function on the 
MRC scale after treatment in all groups were statistically sig-
nificantly worse (p<0.05 according to the Dunn's test) than 
in the group where the sciatic nerve was damaged. Other 
statistically significant differences in motor function on the 
MRC scale after treatment between groups (ulnar, median, 
radial, tibial, common peroneal nerves) were not detected 
(p>0.05) by Dunn's test. Also, no statistically significant 
differences were obtained between all groups of damaged 
nerves in terms of recovery of sensitivity on the MRC scale 
(p>0.05) according to the Dunn's test. Thus, the best indica-
tors of recovery of motor function are observed in patients 
who underwent surgical treatment of the sciatic nerve.

When comparing the recovery of lost nerve function 
in patients who received only nerve decompression with 
the methods of nerve decompression and long-term 
electrical stimulation, statistically significant differences 
were obtained at the level of p<0.05 by Kruskal-Wallis and 
p<0.05 by Dunn's test. Thus, we can assume that the use 
of long-term electrical stimulation gives better results in 
the restoration of motor and sensory function in patients 
with combat trauma of peripheral nerves compared with 
the classical method of nerve decompression.

Regression of pain syndrome after surgery was observed in 
81.2% of patients at the level of evidence using the non-para-
metric criterion Wilcoxon Matched Pairs Test (p<0.05). 
Of these, in 59.4% of patients, there was a decrease in the 
manifestations of pain for VAS from 8-10 to 4-5, which can 
be regarded as a satisfactory result of treatment.

The analyzed data of patients' medical histories during 
2014-2020 show that the peculiarities of gunshot wounds 
of servicemen and civilians are:
•  significant predominance of fragmentary lesions 

(59.8%) over bullet lesions (14.9%), injuries of various 
localizations in 17.5%, thermal lesions in 2.3%, com-
bined injuries – in 5.5% of cases;

•  approximately 1/4 of the victims have damage to several 
nerve trunks and plexuses;

•  50% have severe concomitant lesions of muscles, blood 
vessels, internal organs;

•  the presence of more than 90% of purulent-inflamma-
tory complications;

•  the presence of persistent pain (more than 80%, espe-
cially in the presence of foreign bodies);

DISCUSSION
The effectiveness of surgical treatment of peripheral nerves 
surgical trauma of the extremities is worse compared to 
classical nerve injury, which is mainly due to the extent of 
nerve trunk damage, its nature, the presence of intraneural 
scars, violation of vascular microcirculation in the nerve 
structure [12, 13] due to the existing injury of the main 
vessels and significant damage to the surrounding soft 

tissues. The availability of modern equipment and means 
of microsurgical treatment also has a significant impact 
on the results of surgical treatment, as well as the level of 
doctor's training skills.

While the use of microsurgery techniques in the surgical 
treatment of peripheral nerve damage (including gunshot) is 
widely represented in the literature [14, 15], the use of long-term 
epineural electrical stimulation to restore nerve function is rep-
resented mainly by experimental work [16–19]. Our experience 
with the use of implantable neurostimulators in clinical practice 
to restore nerve function after its decompression indicates the 
prospects of long-term epineural electrical stimulation in the 
treatment of combat trauma to peripheral nerves.

CONCLUSIONS
The results of surgical treatment of peripheral nerves 
gunshot injury are generally worse than other types of 
nerve injuries.

The best results of surgical treatment of combat trauma 
of peripheral nerves are obtained in patients with sciatic 
nerve damage.

The use of long-term electrical stimulation improves the 
prognosis of treatment of gunshot wounds of peripheral nerves.
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