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Abstract 

First of all, in the process of a step-by-step research it was taken into account, that remaining stable while 
throwing basic punches (jabs) in conditions of functional stress of various types is complicated but 
manageable. Regardless of weight class each boxer in order to solve this problem turns his movement 
pattern into a complicated dynamic process, in which projection of body’s center of mass continuously 
and inevitably fluctuates. Data received in laboratory conditions evidence, that the skill of balance 
retention brought to automatism for many years of training is unstable to vestibular stresses. Combined 
analysis of muscle electric activity, kinematics and jab stabilography allowed to evaluate features of 
intramuscular coordination and adaptation stage of various weight classes boxers to vestibular stresses. In 
this regard, it is necessary to study and specify the objective factors for the effectiveness of the 
implementation of technical actions in boxing, in particular, with a direct basic strike by athletes of 
different weight categories.  
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1. Introduction 

Concerning this there is a need of research and concretization of box techniques effective 

performing’s objective factors, in particular, basic jab performed by various weight classes athletes 

(Antipin, Kladov, & Mironenko, 2019; Egorov, Konkin, Serdceva, Lapshin, & Kamshirov, 2018; 

Gerasimov, 2018; Uzunov, 2007).  

The process of perfection of special preparedness of highly qualified boxers is impossible without 

having any objective information about movement control mechanisms, special preparedness’ influence 

at technical and tactical actions for different weight classes, specifics of athletes’ compensatory actions in 

stress conditions (McNeal, Sands, & Shultz, 2007; Pavlenko & Gerasimov, 2018; Shalmanov, Lanka, & 

Konrads, 2006; Solopov & Shamardin, 2003). 

   

2. Problem Statement 

The lack of objective and comprehensive information about the mechanisms for controlling motor 

actions in different weight categories of boxing reduces the effectiveness of the training process and the 

formation of the skills of athletes. 

   

3. Research Questions 

There are following research tasks in this study:  

§ To analyze the indicators of the bioelectric activity of the muscles, kinematics and 

stabilography when performing a jab by boxers of different weight categories. 

§ Identify the features of intramuscular coordination and the degree of adaptation of boxers of 

different weight categories to vestibular loads when performing a jab. 

   

4. Purpose of the Study 

The purpose of the study is to determine the features of the biomechanical and physiological 

characteristics of jab technique in boxing, performed by athletes of different weight categories.  

 

5. Research Methods 

Complex of methods was used in research: theory analysis and special literature review, 

stabilography (Stabilan – 01), electromyography (16-channel electromyography «MegaWin ME 6000»), 

motion capture footage study (motion capture system «Qualisys»), mathematical statistics. Feature of the 

actual research is systematic and complex approach based on synchronizing certified hardware techniques 

and applying wireless technology «Bluetooth».  

In laboratory biomechanical studies 3 boxers took part – Masters of Sports of Russia, winners and 

awardees of Russia and St. Petersburg Championship, lightweight (57 kg, 22 years, boxing experience 12 

years), middleweight (75 kg, 20 years, boxing experience 7 years), heavyweight (93 kg, 21 years, boxing 

experience 11 years). Basic punch «jab» (N=12), performed by boxers in conditions of vestibular stress of 

different intensity and direction: without preliminary rotation and after saggital, vertical and frontal axis 
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rotation. The study consisted of measuring following characteristics: kinematics (contact angles of elbow, 

shoulder joint, hip, knee and ankle); stabilography (ellipse area, equlibrioception evaluation, 

equlibrioception quality measurement); electromyography (electrical activity of 16 muscles on both sides 

of the body). All gathered data was mathematically and statistically processed using the program 

«STATGRAPHICSplus». Combined analysis of muscle electric activity, kine,atics and jab stabilography 

allowed to evaluate features of intramuscular coordination and adaptation stage of various weight classes 

boxers to vestibular stresses (Gorodnichev, 2005; Nazarenko & Kolesnik, 2014; Plagenhoef, 1971; 

Samsonova & Komissarova, 2008). 

   

6. Findings 

In the process of carrying out a stabilography of a jab performed by different weight classes 

boxers, the main characteristic of equilibrioception was the quality indicator of this function (Dvejrina, 

2018; Medvedeva & Terekhin, 2016; Stepanova, Ogurcova, Saikina, & Puhov, 2017). Comparative 

analysis showed that maintaining the balance affects both the weight of the athlete and the nature of the 

preload (table 01). 

 
Table 01. Equilibrioception quality characteristics while performing jab by different weight classes 
boxers (N=12; %). 

1 jab; 2 jab after head bend forward; 3 jab after head tilt left and right; 4 jab after turning head left and right. 
 

Conducted stabilography allowed to establish unequal reactions of different weight classes boxers to 

vestibular stress and to suggest that this factor affects the effectiveness of a jab. In this regard, an analysis 

was made of the duration of the jab in series of movement exercises (Table 02). It was revealed that after 

the vestibular stress only light and medium weight class boxers maintain and increase the speed of the 

realization of the movement exercise, and the heavyweight reduces it more than twice. 

 

Table 02. Duration characteristics of jabs performed by boxers in conditions pf vestibular stress 
(M±m; с; N=12). 

Weight class Movement exercises (ME) 
1 2 3 4 

lightweight 0,43±0,02 0,25±0,01 0,26±0,01 0,25±0,01 
middleweight 0,33±0,02 0,28±0,01 0,33±0,01 0,37±0,02 
heavyweight 0,23±0,01 0,52±0,02 0,50±0,01 0,50±0,01 

Statistical derivation 
Т1 0,0002* 0,0001* 0,0001* 
Т2 0,0558 1,0000 0,0405** 
Т3 0,0002* 0,0001* 0,0001* 

* statistical significance for p<0,001; ** statistical significance for p<0,05; ME: 1 jab; 2 jab after head bend 
forward; 3  jab after head tilt left and right; 4 jab after turning head left and right. 

№ 
exercise 

Weight class 
lightweight middleweight heavyweight 

М±m V М±m V М±m V 
1 5,04±0,81 29,01 2,28±0,38 30,13 3,27±0,58 28,79 
2 5,93±0,77 16,95 2,46±0,41 29,95 3,24±0,82 38,1 
3 5,96±0,45 9,98 2,43±0,40 28,65 3,44±0,82 30,75 
4 5,695±0,42 8,53 2,58±0,53 33,4 2,54±0,53 42,61 
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Considering that the temporal parameters of movements are predetermined by the nature of muscle 

activation, the study tested the assumptions about the effect of vestibular stress on intramuscular 

coordination and the effectiveness of controlling the movements that underlie the basic punches. Analysis 

of electrical activity of the muscles of the upper shoulder girdle in various conditions of the vestibular 

stress (table 03) allowed to evaluate the degree of its adequacy with regard to the movement exercise.  

 
Table 03. Dynamic indicators of the average amplitude of shoulder girdle muscles electric activity 
turns while performing a jab by boxers of different weight classes under vestibular stress (N=12; 
mkB) 

Muscles 
Movement exercises (ME) 

1 2 3 4 
lightweight 

1 61,02±2,77 74,55±3,34 70,93±3,18 68,66±2,7 
2 13,27±0,41 23,66±0,96 24,12±1,79 22,71±1,11 
3 230,82±18,18 245,01±15,6 372,7±13,97 204,29±12,53 
4 124,32±4,44 217,05±13,11 216±14,92 237,96±14,4 
5 92,61±8,44 186,7±19,68 205,93±17,74 178,18±12,49 
6 171,41±19,59 370,11±19,8 301,27±48,13 334,7±50,1 
7 311,8±15,02 338,13±26,62 348,71±19,83 314,58±25 
8 197,68±15 331,51±15,65 331,19±23,07 330,92±20,44 
9 68,03±3,83 165,52±12,87 178,37±12,54 181,08±15,21 
10 93,6±7,81 95,27±7,8 100,12±5,71 99,95±6,07 

middleweight 
1 57,21±2,11 65,57±3,93 61,35±3,38 64,06±4,18 
2 33,3±3,22 39,92±3,07 44,82±2,07 32,73±2,92 
3 193,21±6,49 207,29±7,45 209,33±8,09 169,84±15,03 
4 192,11±14,01 228,14±15,99 216,14±13,88 171,75±9,75 
5 152,72±14,3 168,27±20,75 194,62±23,35 147,58±11,24 
6 126,15±46,28 218,64±59,15 338,91±41,28 259,06±59,03 
7 372,03±47,08 267,86±66,94 458,73±40,16 282,62±54,02 
8 378,37±12,71 383,03±19,29 347,28±29,6 333,32±23,74 
9 78,86±5,42 110,97±6,54 108,84±4,99 82,07±4,63 
10 57,67±2,09 162,3±12,01 181,78±14,99 118,94±10,68 

heavyweight 
1 57,23±3,21 52,33±2,88 66,04±1,31 61,54±2,77 
2 13,00±0,90 10,87±0,41 10,64±0,24 10,38±0,33 
3 74,71±9,52 82,86±6,23 45,5±5,76 47,06±6,25 
4 60,13±4,7 43,27±1,18 39,16±1,12 36,91±1,08 
5 168,84±15,26 127,19±4,23 216,88±9,38 165,36±7,49 
6 263,01±17,61 144,67±6,09 128,31±5,94 135,32±12,36 
7 113,48±4,71 86,59±1,64 85,23±2,11 78,57±2,93 
8 248,99±17,03 116,49±3,69 131,24±6,81 117,39±6,15 
9 42,06±3,91 26,35±1,12 23,71±0,7 21,42±0,72 
10 76,97±6,87 44,89±3,19 56,09±2,91 45,57±2,93 
Muscles: 1 right biceps, 2 right triceps, 3 right trapezius, 4 right deltoid muscle, 5 left biceps, 6 left triceps, 7 
left trapezius, 8 left deltoid muscle, 9 right pectoralis major, 10 left pectoralis major. ME: 1 jab; 2 jab after 
head bend forward; 3 jab after head tilt left and right; 4 jab after turning head left and right. 
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Based on the analysis of the electrical activity of boxers’ muscles while performing a jab, the 

performance of muscle reprocity, characterizing their intramuscular coordination in the «agonist-

antagonist» system, was calculated (table 04). 

 
Table 04. Reciprocity indicators of different weight classes boxers’ muscles while performing a jab 
under the vestibular stress (N=12; %) 

Weight ME 
Muscle pairs 

1 2 3 4 5 6 

Heavy 

1 22,8 64,3 56,0 68,1 45,7 38,7 
2 20,8 87,9 31,8 51,8 35,3 41,0 
3 16,1 59,2 52,1 43,7 53,3 53,9 
4 16,9 81,8 45,5 58,0 73,1 51,1 

Middle 

1 58,2 82,6 40,8 15,5 60,3 56,6 
2 60,9 77,0 53,5 74,2 65,3 76,6 
3 73,1 57,4 52,0 39,6 95,4 89,8 
4 51,1 57,0 48,3 42,1 60,3 59,2 

Light 

1 21,7 54,0 29,5 30,0 52,7 78,9 
2 31,7 50,4 67,6 28,2 47,3 47,6 
3 34,0 68,4 47,9 28,7 49,5 42,7 
4 33,1 53,2 88,6 31,8 48,6 48,5 

Muscle pairs: 1 right biceps and triceps; 2 left biceps and triceps; 3 right trapezius and pectoralis major; 
4 left trapezius and pectoralis major; 5 right rectus femoris and biceps femoris; 6 left rectus femoris and 
biceps femoris. ME: 1 jab; 2 jab after head bend forward; 3 jab after head tilt left and right; 4 jab after 
turning head left and right. 

 

Given that the balance of the boxer’s body allows you to distribute the muscular efforts, 

concentrating them in the right direction, at the initial stage the quality indicators of equilibrioception 

were analyzed. The highest performance when performing a jab regardless of the vestibular stress was the 

middleweight boxer’s one and the lowest for an athlete of a lightweight class. In this case although the 

heavyweight boxer’s values were twice as low, than middleweight’s, but they were the most stable in the 

series of control exercises.  

Due to the increase in fluctuations in equlibrioception the lengths of the trajectories of body’s 

moving points links increased, and this process influenced the temporal characteristics of the technical 

routine, performed by athlete. At the same time, a comparative analysis of the duration of a jab, 

performed by boxers of different weight classes, made it possible to identify specific features in the 

development of this trend. It has been established that the jabs speed performed by heavyweight boxer 

decreased after stress from 3.1% to 134.8% (by 0.02-0.31 s). Change in the middleweight boxer's jabs 

after the stress was minimal (0.04 s and 0.05-0.07 s, respectively). The greatest changes occurred at the 

lightweight boxer (by 39.6% -41.9%), but they were characterized by an increase of the jab speed. 

The analysis of the average amplitude in muscles electric activity turns when performing a jab 

without preliminary stress made it possible to establish that the jab technique, while having structural 

unity among boxers of different weight classes, had differences in ratio of the activation rate of the 

muscles involved in punch. Regardless of the weight class the general trend is increased electric activity 
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of the left (working) arm’s muscles and reduced of the right arm’s muscles. However, if the heavyweight 

and lightweight boxers had biceps muscle activity less than triceps, then the middleweight had the 

opposite. After preliminary stress 96.67% of the lightweight boxer's muscles increased their activity, 

83.33% of the middleweight boxer's muscles, and only 13.33% of the heavyweight boxer's muscles. 

At the same time, the activity of the lightweight boxer’s extensor muscles of the working arm 

increased maximally, and in heavyweight boxer’s case the activity of the left triceps sharply decreased 

when the activity of bicep increased. This explained a significant increase of the lightweight boxer jab’s 

speed and its heavyweight’s jab speed reduction. That is, the athletes after exercise had different 

effectiveness of movement. 

The greatest increase of muscle activity was observed in the characteristics of the middleweight 

boxer after the vestibular stress, associated with the left-right head tilt (60% of the muscles), but it didn’t 

lead to an increase in the speed of punch. And, on the contrary, in jab after tilting the head back and forth, 

where the lowest duration indicators were recorded, the highest indicators were recorded with maximum 

activation of only the left deltoid muscle.  

Analysis of the boxer’s muscles reciprocity allowed to establish the causes of the identified trends. 

It was revealed that differences on adaptation capabilities determine both different degrees of freedom of 

body joints and excessive stiffness, tension, which are causes of unreasonable muscle activation and 

excessive energy expenditure, and, as a result, a reduction in the speed of punches (Kirchgassner & 

Wagner, 1971; Kuznetsov, Mutaeva, & Kuznetsova, 2017; Kuznetsova, Kuznetsov, Mutaeva, Khalikov, 

& Zakharova, 2015). So, heavyweight and middleweight boxers in 54% and 79% of cases (respectively) 

had higher muscle reciprocity, which did not contribute to the long-term high dynamics of techniques and 

implementation of tactical plans.  

   

7. Conclusion 

Statistical analysis of the reliability of changes in the jab speed after stress confirmed that each 

weight class is characterized by instability to certain vestibular stresses. The most resistant is 

middleweight boxer. The analysis of the electric activity values during the performance of the basic 

punch showed that, despite having common movement technique structure, athletes of different weight 

classes demonstrate different specifics in muscle activation. In this case, the preliminary functional stress 

affects intramuscular coordination of boxers in different ways. This fact confirmed the differences in 

technical preparedness, reaction of different weight classes boxers to stress and the degree of their 

adaptation to it. In the course of the study, the need for differentiated approach to improvement of 

preparedness of highly skilled athletes of different weight classes was confirmed, taking into account the 

specifics of their intramuscular coordination and level of adaptive abilities to vestibular stress. 
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