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Abstract

	 Background and Study Aim: 	 Strength training is often considered a key element in preparing athletes for combat sports, as it allows them to in-
crease their power capabilities and, through the interaction of motor skills, affects endurance and speed. The pur-
pose of this study it was broaden knowledge about the level of strength of the upper and lower limbs of kickbox-
ing competitors fighting in the K1 formula and to determine its impact on the level of technical-tactical training.

	 Material and Methods: 	 The study was conducted on a group of 15 high-level kickboxing athletes who regularly participate in K1 
competitions. In the study, the level of isometric strength of the extensors and flexors of the upper and low-
er limbs (elbow and knee joints, respectively) of the left and right sides was measured. For this purpose, the 
BTE PrimusRS system was used for objective evaluation and functional training (BTE USA, New Hampshire), 
which in this case served as a dynamometer. 

	 Results: 	 The strength of the upper limbs of the examined athletes, both extensor and flexor muscles of the elbow joint, 
showed similar levels of development between limbs (p>0.05). A similar trend was observed for the lower limbs 
regarding the strength of the knee flexor muscles. Different levels were demonstrated for extensor strength, 
with a predominance effect for the right lower limb (p<0.001). A statistically significant very strong and pow-
erful positive relationship was found between the effectiveness and efficiency index of the attack and the 
strength of the extensors and flexors of the lower right limb (r = 0.62 to 0.80; p<0.001).

	 Conclusions: 	 Kickboxers exhibit a symmetric profile of upper limb strength. The lead leg of athletes in this profession showed 
a higher level of muscular strength and offensive activity. The juxtaposition of the results of strength tests 
and indicators of technical-tactical training shows the need to develop the level of strength of extensors and 
flexors of the lower limbs, which may translate into the development of the fighter’s starting condition.
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INTRODUCTION

Combat sports are a group of disciplines in which 
participants compete with each other through 
physical contact [1]. Many people believe that 
muscular strength is one of the most impor-
tant factors determining success in these dis-
ciplines [2-6]. Strength can be defined as the 
ability to apply pressure or generate power, 
which can manifest itself in various forms, such 
as punching power, kicking [7], grabbing and 
explosive strength [8, 9].

Strength training is often considered a key ele-
ment in preparing athletes for combat sports, 
because it allows them to increase their strength 
capabilities through the combination of motor 
skills affecting endurance and speed  [10]. 
The improvement of strength variables is also 
related to the effectiveness of technical activ-
ities  [11]. Some combat sports, such as box-
ing and kickboxing, require particularly high 
punching power  [12, 13], while others, such 
as judo or wrestling, require grip and take-off 
power [14]. Regardless of what combat sport 
you practice, strength training can be very ben-
eficial for better performance. Through reg-
ular strength training, which, as mentioned, 
increases power and endurance, one can better 
cope with the demands of training and competi-
tion [15]. However, it is worth remembering that 
strength training is only one element of an ath-
lete’s preparation and should be combined with 
other forms of training, such as endurance or 
technical training, to achieve optimal results [3].

In kickboxing, as in many other combat sports, 
the strength of the strike is one of the most 
important elements determining the success 
of the competitor, because, among others, it 
decides about the end of the fight before time 
by knockout [12, 16, 17]. Strength training allows 
to indirectly increase speed, which is an element 
of the fighter’s dynamics ultimately translating 
into the strength of the blow [18, 19]. 

A review of the literature on strength training in 
kickboxing indicates that there are several ways 
to implement it that can be effective for compet-
itors practicing this discipline [20]. One of them 
is training with external resistance, which con-
sists in performing exercises in series using the 
heavy athletic or bodybuilding method [21, 22]. 
Kickboxing competitors most often use multi-
joint exercises such as squats, deadlifts or barbell 
presses [23]. Another way is functional training, 
which focuses on strengthening muscles in a way 
that corresponds to their natural movements and 
functions (in competing and everyday life) [24]. 
Exercises such as weightlifting in various body 
positions and performing exercises with the use 
of specialist equipment such as TRX, power ban, 
kettlebell, Bulgarian bag, etc. are used here [25].

Research shows that the implementation of 
strength training with external resistance can 
bring benefits to kickboxing competitors, such 
as increasing the strength and power of the lower 
and upper limbs [26]. Whereas functional train-
ing can contribute to improving the quality and 
effectiveness of the athletes’ technique and its 
effectiveness in sports combat [27]. Therefore, 
the purpose of this study it was broaden knowl-
edge about the level of strength of the upper and 
lower limbs of kickboxing competitors fighting in 
the K1 formula and to determine its impact on 
the level of technical-tactical training.

MATERIAL AND METHODS
Participants
The study was conducted on a group of 15 high-
level kickboxing fighters who regularly compete 
in K1 competitions. Sample size was calculated 
using G*Power 3.1.9.7 software (G*Power Team, 
Düsseldorf, Germany). The surveyed athletes 
ranged from 18 to 30 years old. The inclusion 
criterion was the start of the training, coach’s 
opinion and lack of injury. A detailed anthro-
pometric description of the study group is pre-
sented in Table 1.
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Kickboxing – combat sport 
where the form of combat are 
strikes, performed by hands 
and legs [32].

K1 rules – the rules of 
kickboxing fighting, placing the 
least restrictions on the rules. 
In K1, all techniques found 
in kickboxing are allowed, 
performed without any 
limitation on the strength of 
the blows [37]. 

Strength – is the body’s 
ability to overcome 
external resistance or the 
resistance of its own body 
in static conditions or in 
low-speed, high-intensity 
movements [25].

Technical-tactical indicators 
– calculated on the basis 
of specialized formulas, 
characterize the technical-
tactical performance of 
athletes [5].
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Survey design 
The surveys were conducted in the morning 
according to the scheme presented in Figure 1.

Test procedures
Force measurement
The study was conducted in accordance with 
the Declaration of Helsinki and approved by the 
Bioethics Committee at the Regional Medical 
Chamber in Kraków, Poland (No. 287/KBL/
OIL/2020).

In the study, the level of isometric strength of 
the extensors and flexors of the upper and lower 
limbs (elbow and knee joints, respectively) of 
the left and right sides was measured. For this 
purpose, the BTE PrimusRS system for objec-
tive evaluation and functional training (BTE 
Technologies, Hanover, USA) was used, which 
in this case served as a dynamometer. A dedi-
cated 701 tool was used for the measurements. 

The axis of the dynamometer head was set flush 
with the anatomical axis of rotation of the exam-
ined joint individually for each examined person.

The measurement protocol included the follow-
ing measurements:

•	 isometric strength of extensors and flexors of 
the upper limbs performed in a standing posi-
tion in which the examined person had their 
feet slightly hip width apart. The upper limb 
was bent in the elbow joint at an angle of 900, 
the shoulders were parallel to the ground. The 
subjects performed three 4 seconds long max-
imum contractions of the flexors and then the 
extensors of the upper limbs.

•	 isometric strength of extensors and flexors of 
the lower limbs, which was performed in a sit-
ting position using a specialized chair, which is 
part of the BTE PrimusRS system. The lower 

Variable M SD Min Max Q1 Q3

Body mass [kg] 81.63 9.73 68.20 95.40 73.20 91.30

Body height [cm] 179.71 4.85 170.10 188.40 177.50 181.55

Body Mass Index (BMI) 25.35 3.62 21.00 33.00 23.25 27.30

Table 1. General characteristics of the kickboxing, K1 athletes (n = 15) studied.

M arithmetic mean; SD standard deviation; Min minimum; Max maximum; Q1 bottom quartile; Q3 upper quartile
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Survey design  

The surveys were conducted in the morning according to the scheme presented in Figure 1. 
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Figure 1. The course of the study. 

 

Figure 1. The course of the study.



302 |  VOLUME 19 | 2023 www.archbudo.com

Original Article

limb was bent at the knee joint at an angle of 
900, hands on the stomach or chest, while the 
trunk, hips and the middle part of the thigh 
were stabilized with stabilizing straps. The sub-
jects performed three maximal contractions of 
the extensors and then the flexors of the lower 
limb for 4 seconds (Figure 2).

Sparring fights
The contestants were grouped according to 
weight categories, which were determined dur-
ing the body weight measurement using the 
Tanita DC-360S scale (Tanita Corporation, Tokyo, 
Japan). The fights took place in the ring placed in 
a neutral environment which none of the sub-
jects was associated with. The fights were con-
ducted according to K1 rules adopted by the 
World Association of Kickboxing Organizations 
(WAKO). The contestants fought three times for 
2 minutes with one minute breaks. The duel was 
overseen by a qualified licensed referee. In the 
vantage point, a GoPro HERO10 (GoPro Inc, San 
Mateo, USA) camera was placed on a specialized 
frame giving a full view of the ring and recorded 
the material for the analysis of the fight.

Analysis of the fight
The analysis of the fight was carried out by 
two master class trainers and one referee. The 
researchers recorded on special measurement 

cards the techniques that were successful and 
all offensive techniques. Observational data were 
averaged and entered into a  Microsoft Excel 
(Microsoft Corporation, Redmond, USA) spread-
sheet, where technical-tactical training indicators 
(attack activity, attack effectiveness, attack effi-
ciency) were calculated using the specialized for-
mulas listed below (equations 1-3) [28]:

Attack activity (Aa):

Aa = 

 
Figure 2. Photograph of the course of the BTE PrimusRS force test. 

Sparring fights 

The contestants were grouped according to weight categories, which were determined during 
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In the current study, each competitor fought one 
fight.

Attack Effectiveness (Sa):

Sa = 
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Figure 2. Photograph of the course of the BTE PrimusRS force test.
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Assessment criteria 
The following assessment criteria were adopted: 

•	a successful attack is defined as a technical 
action for which a point was awarded; 

•	 the number of all attacks determines all offen-
sive techniques (effective and ineffective).

Statistical analysis
Statistical analysis of the collected empirical data 
was carried out in the PQStat ver. 1.8.4 software 
(PQStat Software, Poznan, Poland). Descriptive 
statistics were calculated: arithmetic mean (M), 
standard deviation (SD or ±), minimum value 
(Min), maximum value (Max), lower and upper 
quartiles (explanations under the tables). The 
normality of the distribution was checked and 
confirmed by the Shapiro-Wilk test. To assess 
statistically significant differences, the Student’s 
t-test for dependent variables was used, p<0.05 
was assumed as the level of statistically signifi-
cant differences. The effect size was calculated 
using d-Cohen assuming the following thresh-
olds: 0.20 weak effect, 0.50 moderate effect, 
0.80 strong effect. To assess the relationship 
between the examined variables, the persona lin-
ear correlation was used in the range of 0.0 to 0.5 

weak correlation, 0.5 to 1.0 strong correlation, 
in the case of negative relationships –0.5 to 0.0 
weak correlation, –1.0 to –0.5 strong correlation.

RESULTS

Regarding the assessment of upper limb exten-
sion strength, it was found that the group of 
examined athletes exhibited a  similar level 
of development for the comparative analy-
sis between the right and left limbs. Marginally 
higher results were noted, with signs of a weak 
effect, concerning the right upper limb (Table 2).

Based on the analysis of mean values, a similar 
trend of development was observed in the level of 
strength of the upper limb flexors. The right limbs 
of the examined athletes (insignificantly, with 
a weak effect) showed a more favourable result 
in the test compared to the left limbs (Table 3).

The results of our own research revealed signif-
icant variability in the level of strength of the 
knee extensor muscles among the examined 
kickboxers. A  significantly higher level, with 
a strong effect, was noted for the right lower 
limb (Table 4).

Variable M SD Min Max Q1 Q3 t p d

upper limb extension-right [N] 162.65 25.92 123.74 214.87 150.95 174.06
0.32 0.75 0.08

upper limb extension-left [N] 160.69 20.94 121.25 192.32 148.02 173.64

Table 2. The level of strength of the upper limbs in extension.

M arithmetic mean; SD standard deviation; Min minimum; Max maximum; Q1 bottom quartile; Q3 upper quartile; 
t Student’s t-test; p level of significance for differentiation; d Cohen effect size for differentiation; N Newton

Variable M SD Min Max Q1 Q3 t p d

upper limb flexed-right [N] 235.99 30.65 179.72 284.35 220.40 256.84
0.69 0.51 0.19

upper limb flexed-left [N] 230.26 28.40 175.50 280.88 218.07 248.84

Table 3. The level of strength of the upper limbs in flexion.

M arithmetic mean; SD standard deviation; Min minimum; Max maximum; Q1 bottom quartile; Q3 upper quartile; 
t Student’s t-test; p level of significance for differentiation; d Cohen effect size for differentiation; N Newton
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In the case of the level of strength of the mus-
cles flexing the lower limbs, higher values were 
recorded for the left limb of kickboxers. However, 
the demonstrated differences were slight, with-
out signs of statistical significance (Table 5).

Effective blows accounted for 58.33 % of the 
share of all offensive techniques inflicted. 

The values of the indicators of technical and tac-
tical preparation in the form of attack activity, 
attack effectiveness and attack efficiency are pre-
sented in Table 6.

Regarding the associations between strength 
proficiency and technical-tactical training of 
the examined kickboxers, statistically significant 
positive correlations were observed in the com-
parison of the right lower limb with the level of 
effectiveness and efficiency of attack. The pro-
ficiency of the flexor muscles of the right knee 
joint showed a very strong association with indi-
cators of attack effectiveness and efficiency. 
Similarly, for extensor strength, a very clear asso-
ciation with effectiveness and a strong one with 
attack efficiency were noted (Table 7). 

Variable M SD Min Max Q1 Q3 t p d

lower limb extension-right [N] 1619.79 269.47 1155.60 1859.09 1427.54 1842.12
3.95 0.001 0.35

lower limb extension-left [N] 1529.03 240.54 1066.20 1815.60 1347.66 1701.88

Table 4. Lower limb extensor strength level.

statistically significant correlation (bold font): M arithmetic mean; SD standard deviation; Min minimum; Max 
maximum; Q1 bottom quartile; Q3 upper quartile; t Student’s t-test; p level of significance for differentiation;  
d Cohen effect size for differentiation; N Newton

Variable M SD Min Max Q1 Q3 t p d

lower limb flexed-right [N] 1135.95 217.98 720.27 1389.87 1029.21 1302.18
0.64 0.52 0.21

lower limb flexed-left [N] 1175.27 153.43 944.61 1471.72 1061.41 1278.21

Table 5. Lower limb flexor strength level.

M arithmetic mean; SD standard deviation; Min minimum; Max maximum; Q1 bottom quartile; Q3 upper quartile; 
t Student’s t-test; p level of significance for differentiation; d Cohen effect size for differentiation; N Newton

Indicators M SD Min Max Q1 Q3

Attack activity (Aa) 116.93 27.91 80.00 196.00 106.50 127.50

Attack effectiveness (Sa) 58.33 15.10 30.00 72.00 47.50 70.00

Attack efficiency (Ea) 46.72 9.43 28.68 57.13 41.90 51.65

Table 6. Values of technical-tactical training indicators.

M arithmetic mean; SD standard deviation; Min minimum; Max maximum; Q1 bottom quartile; Q3 upper quartile
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In terms of quantity, the highest efficiency, illus-
trated by the mean number of strikes with the lower 
limbs, was observed for the right leg. Taking into 
account the type of technique, the highest activity 
was characteristic of the low kick-right technique.

However, concerning defensive actions (defence 
against low kick), the highest utilization was 
demonstrated for the left limb.

A  detailed description of the number of per-
formed kicks and defence against low kick is pre-
sented in Table 8. 

DISCUSSION

In the study, the level of strength fitness of the 
upper and lower limbs of kickboxing competitors 
participating in the K1 formula was diagnosed, 

Indicators Attack activity Attack effectiveness Attack efficiency

upper limb extension-right r = 0.45; p = 0.18 r = 0.18; p = 0.62 r = 0.17; p = 0.64

upper limb extension-left r = –0.02; p = 0.96 r = 0.18; p = 0.61 r = 0.17; p = 0.63

upper limb flexion-right r = 0.28; p = 0.44 r = 0.38; p = 0.27 r = 0.22; p = 0.55

upper limb flexion-left r = –0.25; p = 0.49 r = 0.22; p = 0.54 r = 0.15; p = 0.67

lower limb extension-right r = 0.63; p = 0.82 r = 0.76; p =0.001 r = 0.62; p = 0.02

lower limb extension-left r = 0.11; p = 0.70 r = 0.45; p = 0.09 r = 0.31; p = 0.27

lower limb flexion-right r = 0.22; p = 0.41 r = 0.78; p =0.001 r = 0.80; p<0.001

lower limb flexion-left r = 0.20; p = 0.48 r = –0.14; p = 0.62 r =–0.003; p<0.99

Table 7. Relationship between technical-tactical training indicators and the level of strength.

statistically significant correlation (bold font): a near-complete relationship r>0.90; a very high association r = 0.70 to 
0.90; high association r = 0.50 to 0.70; moderate association r = 0.30 to 0.50

Variable M SD Min Max Q1 Q3

foot kick-left 19.50 15.89 1 46 5.75 24.50

foot kick-right 24.80 7.95 10 39 21.25 28.50

low kick-left 5.90 5.38 0 17 2.25 9.00

low kick-right 14.90 8.98 0 33 10.25 19.25

defence against low kick-right 0.40 0.96 0 3 0.00 0.00

defence against low kick-left 9.40 4.83 5 20 6.00 10.50

all kicks 44.30 15.65 23 69 29.75 53.00

Table 8. Number of kicks and blocks during the fight.

M arithmetic mean; SD standard deviation; Min minimum; Max maximum; Q1 bottom quartile; Q3 upper quartile
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and the level of technical-tactical training was 
assessed. The strength of the relationship 
between the coexistence of the above variables 
was also interpreted.

Scientists associated with the milieu of stand-up 
combat sports (e.g. karate, boxing, kickboxing) 
and mixed combat plane (e.g. sports ju-jitsu) 
unanimously agree about the important role 
of strength skills in these disciplines  [12, 29, 
28, 3, 26]. In our research, we used the BTE 
PrimusRS specialist dynamometer for the first 
time. Analysing the level and differentiation of 
strength abilities of the upper limbs, a non-signifi-
cantly higher effectiveness of the right limb was 
found in relation to the left one in the examined 
athletes. This phenomenon occurred both in the 
case of isotonic contractions of the extensor and 
flexor muscles of the elbow joint.

It can therefore be concluded that in this compari-
son, the subjects are characterized by similar com-
petences, and the above-mentioned aspects of 
motor fitness could most likely be similarly shaped 
and improved in the training process in accordance 
with the broadly understood principle of versatility 
of muscular work [30, 31]. During a fight, a kickbox-
ing competitor spends most of the time in the guard 
from which he performs a series of blows at differ-
ent angles with both upper limbs [32]. As a result, 
he must strongly and symmetrically engage various 
muscle groups of the arms [33]. The slight advan-
tage of the right limb can be explained by the fact 
that it was the subjects’ dominant hand.

The dynamometer measurement showed a varied 
level of development of the strength fitness of the 
lower limbs. In the case of the strength of muscles 
flexing the knee joint, insignificantly higher val-
ues were recorded for the left limb of kickboxers. 
The competitor of the K1 formula defends one-
self from low circular kicks by characteristic blocks 
with the lower limbs (thigh lift with the knee and 
hip joint flexed) strongly engaging the thigh and 
knee flexors [34, 35]. The target of such strikes is 
the thigh, and not blocking them impairs mobil-
ity, can be very painful and may lead to the end of 
the fight [16, 36]. The fighting stance of a right-
handed K1 competitor is characterized by a for-
ward lunge of the left leg, as a result of which it 
becomes a frequent target of attack. The answer 
is increased defence by blocking  [11]. In our 
research, during the observation of three-round 
sparring, the advantage of the low kick block for 

the left limb in relation to the right one was noted, 
which may explain the observed advantage of 
the strength of the left limb flexors. The results 
of own research showed a significant difference 
in the strength of the muscles that straighten the 
knee joint of kickboxers. A higher significant level 
was noted for the right limb. In the case of the left 
limb, this aspect may not be evenly shaped and 
improved in their training structure [17]. It seems 
that the reason should be sought in the specific-
ity of the discipline [32]. A K1 right-handed fighter 
will have his right leg in the back position, which 
means that it is immediately ready for offensive 
actions, especially with low round kicks. With it, he 
will strike more often with greater force, strongly 
exploiting the strength of the extensor muscles. 
To deliver a kick with the left leg of similar poten-
tial, the competitor performs a kind of jump (in 
order to move the left leg back). This technique 
is less commonly used. In our observations of K1 
duels, there was a definite advantage in the num-
ber of kicks with the right leg compared to the left 
leg. This probably has an impact on the kinetics 
of lower limb strength development and indicates 
that the K1 formula puts higher demands on the 
strength competence of the right leg extensors for 
right-handed fighters. The observed asymmetry of 
strength capabilities of the lower limbs may result 
from the technical and tactical style imposed by 
the discipline.

In assessing the level of technical and tacti-
cal skills of the fighters’, specialized formulas 
were used, which are reliable indicators of these 
aspects [37]. While providing the technical and 
tactical characteristics of the examined fighters, 
it was noted that the indicators of activity, effi-
ciency and effectiveness of the attack were much 
higher than those obtained by participants and 
finalists of local tournaments, and lower than 
those obtained by the finalists of the World 
Championships [37].

Long-term sports training requires a continuous 
influx of various types of information. An essential 
issue may include, among others, clear informa-
tion regarding the mutual relationships between 
individual aspects (e.g., strength fitness vs. tech-
nical-tactical performance). Recent research indi-
cates that lower values of indicators characterizing 
fat tissue and growth-weight features, as well as 
body composition of kickboxers, favor the opti-
mization of technical-tactical performance [38]. 
Therefore, one may pose the question: what 
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priority of strength fitness should characterize 
a K1 kickboxer to maximize their chances of suc-
cess in their discipline?

In terms of interrelationships between strength 
fitness and technical-tactical training of the 
examined kickboxers, statistically significant cor-
relations were noted in the case of juxtaposing the 
lower right limb with the level of effectiveness and 
efficiency of the attack. The effectiveness of the 
knee flexor muscles showed a very strong relation-
ship with the effectiveness (r = 0.78; p = 0.001) 
and attack efficiency (r = 0.80; p<0.001) indica-
tors. The same in the case of extensors, there 
was a very clear relationship with effectiveness 
(r = 0.76; p = 0.001) and a strong relationship with 
attack efficiency (r = 0.62; p = 0.02). Attention is 
also drawn to the high value of the extension 
force coefficient for attack activity r = 0.63 (sta-
tistically insignificant). Such results confirm previ-
ous conclusions and also prove that a high level 
of strength fitness of the right lower limb will be 
conducive to optimal efficiency and effectiveness 
of technical and tactical skills in sports combat. It 
is worth noting that Ambroży et al. [17] proved 
that round kicks from above were the most effec-
tive technique and often ended the fight with 
a knockout. Interesting and related conclusions 
were presented in earlier studies that empha-
sized significant interdependencies, among oth-
ers, between the explosive strength of legs and 
technical-tactical training [3]. It is also emphasized 
that in kickboxing, a high level of dynamic strength 
of the lower limbs will determine the effectiveness 
of kicks and the increase in technical and tactical 
indicators [39]. The results of our own research 
correspond positively with the research of Thai 
boxers, which showed a  significant co-occur-
rence of the increase in the level of strength abili-
ties with a prolonged period of training study [40].

It should also be remembered that the outcome 
of a confrontation with an opponent (sports com-
petition, sparring) at the championship level will 
be determined by the comprehensive develop-
ment of the athlete. In addition to aspects such 
as motor preparation, effort abilities, special fit-
ness, and technical-tactical performance, voli-
tional traits and mental readiness immediately 
before the fight are also crucial [41].

CONCLUSIONS

The analysis reveals that the extensor muscles of 
the right leg are statistically significantly stronger 
than those of the left leg, leading to a higher fre-
quency of hits. This disparity in strength between 
the limbs underscores a critical aspect of physical 
conditioning for kickboxing athletes. Moreover, 
the data indicates that kickboxing competi-
tors generally exhibit a comparable degree of 
upper limb effectiveness, suggesting a unifor-
mity in training focus or natural ability across 
participants in this sport. Importantly, the mus-
cle strength of the lower limbs is identified as 
a pivotal factor influencing both the effectiveness 
and efficiency of kickboxers’ attacks, especially 
among those competing under the K1 ruleset. 
This insight underscores the integral role of lower 
limb conditioning in enhancing competitive per-
formance in kickboxing.

Practical implications
The juxtaposition of the results of strength 
tests and indicators of technical-tactical training 
shows the need to develop the level of strength 
of extensors and flexors of the lower limbs, which 
may translate into the development of the fight-
er’s starting condition.
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