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Abstract 

The authors, when observing 22 athletes - volleyball players of different volleyball 

specialization, assessed the effect of millimeter electromagnetic waves (EMW) on the 

functional state of the muscular system of the lower extremities. The electromagnetic effect 

was carried out using the "Complex SP 80" apparatus (frequencies 3900 - 4120 kHz were 

used). Electrodes were applied to the muscles of the thigh and lower leg, sinusoidal 

discharges were applied for 10 seconds during the strength training period. The results of 

observations showed that under the influence of EME, the height of the jump increases by 

7%, due to the increase in the energy of the jump and its intensity. The release of the activity 

of the knee joint is also noted. The authors believe that under the influence of EME, the 

transmission of regulatory impulses in neuromuscular contact improves, which contributes to 

the synchronization and strength of contractions of the muscle fiber bundles. Also, under the 

influence of EMW, blood microcirculation in the muscle improves. 
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Introduction. Volleyball today is one of the most popular and widespread sports [1 - 

4]. From the point of view of physiology, volleyball refers to acyclic muscular loads, which 

have a predominantly speed-power and precise-coordination character. Motor activity during 

the game consists of many lightning starts and accelerations, jumps up to both maximum and 

optimal heights, explosive strikes with maximum muscle strength [5, 6]. All these actions take 

place with an almost continuous long-term response to a changing environment. All of the 

above makes high demands on the training of athletes [7 - 10]. 

An important component of the physical training of volleyball athletes is the training 

and development of jumping ability. Jumping ability is determined by the ability of the 

neuromuscular apparatus for the high-speed manifestation of maximum effort [11, 12]. The 

biomechanics of a jump consists of two main phases - the amortization phase and the active 

repulsion phase. The first phase is characterized by a shift in the center of gravity and the 

fulcrum, with a simultaneous flexion angle of the knee joint up to 110-120 degrees, the 

muscles work in this phase gradually. The phase of active repulsion is characterized by the 

separation of the center of gravity from the support. Muscle work in this phase is explosive in 

order to give maximum speed to the body and to overcome the force of gravity of the knee 

joint while unbending to 160-170 degrees [13, 14, 15]. 

The final part of the jump - landing, is characterized by the gradual work of the 

muscles aimed at damping the speed of the body falling, and by the tension of the 

ligamentous apparatus to prevent the displacement of parts of the bone skeleton in relation to 

each other. 

To develop the functional capabilities of the musculoskeletal system, volleyball 

players use special physical training, which contributes to the development of special physical 

qualities. The successful application of the methods of this training requires the development 

and implementation of physiotherapeutic techniques into the training process of volleyball 

players - supporting the physiological mechanisms of the musculoskeletal system and / or 

correcting possible current failures in its activity. 

The purpose of the work is to substantiate the possibility of using millimeter 

electromagnetic waves to improve the quality and efficiency of the functional capabilities of 

the muscular system of the lower extremities of volleyball players. 
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Materials and research methods. The material of the work was the data obtained 

when working with 22 volleyball players of the volleyball club "Polytechnic", Odessa, 

Ukraine, in the period 2018 - 2019. The work involved male volleyball players of different 

game specialization at the age of (25 ± 3) years. 

The research was carried out in two mesocycles of 11 workouts. 

The first cycle included jumps on straight legs with a tense ankle with extensive 

plyometric work of a large volume. The training regimen was as follows: 

1 - 3 days: work / rest 6 sec / 20 sec - 6-8 jumps per circle (20 laps). 

4 - 11 days: work / rest 6 sec / 24 sec - 6-8 jumps per circle (16 laps). 

The second cycle consisted of 8 workouts, 4 weeks of 2 workouts. Athletes performed 

a Pancake Hook Squat (GAC) against a wall above parallel with toe exiting (explosive 

performance). Training mode: work / rest - 6 sec / 24 sec. The load on all days was the same - 

10 sets, 4 - 5 squats with an exit.  

The functional capabilities of the thigh muscles were corrected using the “Complex SP 

80” apparatus. For this, electrodes were applied to the area of the quadriceps, thigh and 

gluteal muscles and sequential sinusoidal signals with a frequency of 4000-4120 kHz and 

3900-4000 kHz were applied, the duration of the signals was 3 s and 10 s, respectively. The 

total duration of the session corresponded to the duration of the microcycle, but did not 

exceed 10 minutes. With daily training sessions of EMV exposure were carried out every 

other day, the total duration of the course was 5 sessions. 

The results of the method used were evaluated according to the following indicators: 

- a subjective assessment of the condition of the muscles and the activity of the knee 

joint according to the feelings of the study participants before the start of the morning 

workout; 

- jump height; 

- the nature of the landing; 

- energy indicators of the jump; 

- functionality of the knee joint (gonometry). 

The data obtained were processed by the methods of variation statistics. Due to large 

individual deviations of values, the significance of differences was assessed using the G-test 

of signs. 

Results and its discussion. 

The examination of the state of the muscular system of the lower extremities began 

with a subjective assessment of the state of the study participants before the start of morning 
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training. According to the data obtained, 63.6% of the players noted stiffness in muscle 

activity and discomfort in the knee joint area. At the same time, in some cases, for the 

successful use of muscles, it was required to warm them up with light massage movements. 

As a result of training mesocycles, there was a significant increase in the circumference of the 

lower leg: left - (1.3 ± 0.07) sm, right - (1.5 ± 0.09) sm, (p <0.05). After the course of 

correction with the use of EMW, positive changes are noted in the state of the lower 

extremities. According to the subjective assessments of the study participants, the stiffness of 

the knee joint and discomfort in the muscles of the lower extremities persisted in 17.1% of the 

participants before the start of the morning workout. At the same time, they noted that muscle 

discomfort goes away on its own and massage movements are not required to eliminate it.   

According to gonometry data (Table 1), flexion of the knee joint practically did not 

change, while the possibilities of extension significantly increased (p <0.01). Perhaps this is 

due to a slight increase in the elasticity of muscles and ligamentous apparatus as a result of 

the corrective effect of EME. 

 

Table 1 Characteristic of the influence of millimeter electromagnetic waves on the 

indicators of the functional capabilities of the lower extremities 

 

Indicators 

 

Groups 

Reference 

meaning 

Before the EMV 

course 

After the EMV 

course 

bend. extension bend extension bend extension 

Gonometry, 

degrees ° 
40,0±1,3 160,0±0,48 

42,0± 

2,3 
147,15±2,13 

43,3± 

3,01 

157,10± 

3,70** 

Jump height, sm 50 - 60 51,40 ±  5,2 55,39 ± 7,7* 

 E
m

p
ty

 

la
n

d
in

g
s,

 %
  

Soft  
94,0 ± 4,7 93,67 ± 0,21 93,68 ± 0,22 

high 

strength 
2 — 4 3,77 ± 0,27 4,32 ±  0,26 

"emerge

ncy" 
0 – 1,8 2,56 ± 0,15 2,0 ± 0,17* 

Jump energy, J 1907 — 2067 2285 ±  22,0 2488,75 ± 24,7***  

Jump intensity, 

W / kg 
1— 10  36,57 ±  3,4  40,26 ± 5,1  

Note. Significance of differences between indicators before and after the computer 

course:* - р<0,05; ** - р<0,01; *** - р<0,001 

 

As a result of these changes, there was a significant improvement in jump 

performance. First of all, the average jump height increased by 7.75% (p <0.05). Moreover, it 
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should be noted that an increase in the height of the jump took place among volleyball players 

of different volleyball specializations - not only among the forwards, but also among the 

setters. As a result, the jump energy increased significantly (p <0.001). At the same time, the 

intensity of the jump practically did not differ from that before the course of the EMW 

exposure (p> 0.05). Obviously, this indicator is more connected with the achievements of the 

entire training process, and not with momentary improvements in the functional capabilities 

of the muscles. 

As for the final phase of the jump - landing, according to the data in Table 1, soft 

landing in frequency remains at the level before the course of EME correction. At the same 

time, the number of landings with high strength has a steady tendency to increase, although 

without statistical significance (p> 0.05). The most interesting is the significant decrease in 

the number of "emergency" landings (p <0.05). Obviously, an increase in the functional 

capabilities of the soft tissues of the lower extremities increases the damping effect, 

eliminating the deforming load of the ligamentous apparatus of the foot, and, thereby, reduces 

the likelihood of injury.  

Conclusions 

Thus, the results of the above study showed that the use of EMW in the training 

process among volleyball players has a significant positive effect. First of all, it manifests 

itself in the elimination of negative subjective components, such as morning discomfort in the 

muscles of the lower extremities and knee joint. The impact of EME improves the 

functionality of the muscular apparatus of the lower extremities, which leads to an increase in 

the height of the jump, an increase in its energy, and the prevention of possible sports injuries. 

Based on the results obtained, the EMW technique can be recommended for implementation 

in the training process among volleyball players of all specializations. 
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