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Abstract:

Problem statement: There is a need to assess the effectiveness of integrating static-dynamic exercises into the
training routines of elite Brazilian Jiu-Jitsu athletes to enhance their strength performance. This study aims to
determine whether such exercises can lead to enhancements in strength, endurance, or other pertinent physical
attributes crucial for Brazilian Jiu-Jitsu athletes. The authors aim to address potential gaps in existing training
methodologies and advocate for evidence-based strategies to optimize athletic performance in this specific
context. The purpose of this study is to examine the impact of static-dynamic exercises on the strength of
Brazilian Jiu-Jitsu athletes. Material and Methods: the study involved 20 elite athletes. They were divided into
two groups: a control group comprising 10 athletes (age: 20.06£1.02 years; weight: 81.494+3.83 kg; height:
178.5£4.27 cm) and an experimental group comprising 10 athletes (age: 19.97+1.09 years; weight: 81.99+3.55
kg; height: 177.4£3.85 cm). The training program for the experimental group included static-dynamic exercises.
Results: at the end of the study, a 50% reliable improvement in results was observed among the athletes in the
experimental group: pull-ups for 20 seconds (U=81.0, p<0.05), sit-ups for 20 seconds (U=78.5, p<0.05), pull-ups
(U=79.0, p<0.05), push-ups (U=77.0, p<0.05), and bent-arm hang (U=77.5, p<0.05). These tests are indicative of
muscle strength in the abdominal and shoulder girdle. Conclusions: the use of static-dynamic exercises has been
found to enhance the strength performance of elite Brazilian Jiu-Jitsu athletes. The increase in strength
performance results among athletes in the experimental group ranged from 4.5% to 22.0%, while the increase in
the control group ranged from 0.5% to 3.2%. It is recommended to incorporate the developed training programs
into the preparation of Brazilian Jiu-Jitsu athletes’ performance.
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Introduction

Sports play a significant role in our lives, not only as a source of entertainment but also as a powerful
tool for maintaining health, developing physical and psychological qualities, and achieving high performance in
competitions. In modern society, sports have become an integral part of culture, bringing together people of
different ages and nationalities. One of the key aspects of successful engagement in a particular sport is effective
training. The optimization of the training process, along with the use of advanced methods and technologies, has
become a crucial factor in achieving high athletic performance. In this regard, scientific research in sports plays a
decisive role, providing coaches and athletes with new knowledge and methods to enhance their performance
(Simion et al., 2010; Potop & Cretu, 2018).

Modern sports are characterized by intense competition and the pursuit of maximum results, which
place high demands on various types of athlete preparation. In a highly competitive environment, where minimal
differences in an athlete's preparation can determine success, the importance of meticulous training cannot be
overstated (Chaouachi et al., 2009; Volodchenko et al., 2017).

In modern combat sports, only talented athletes can achieve high competition results (da Silva et al.,
2015; noctaButh Tropin et al., 2022). The ability of a combat athlete to perform well in competitions depends on
the optimal correlation of their anthropometric data, technical-tactical mastery, and physical and psychological
qualities (Manolachi et al., 2022; Korobeynikov et al. 2023).

To effectively design the training process, it is necessary to understand the main characteristics of
competitive activity. The specificity of the sport determines its influence on the morphofunctional features of
athletes. These factors should be considered when selecting and predicting success in combat sports (Dulceanu,
& Mihailescu, 201; Podrigalo et al., 2022).
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Tropin et al. (2021) identified the features of basic combat styles among wrestlers based on an analysis
of competitive activity: playing combat style, tempo combat style, and strength combat style. The analysis also
allowed the authors to develop profiles and training tasks for wrestlers of each combat style. Similar studies have
been conducted in kickboxing, where a methodology for individualizing training for qualified kickboxers was
developed and implemented based on the characteristics of each fighting style (Pityn et al., 2017).

Plush et al. (2022) investigated the physical and physiological characteristics of mixed martial arts
(MMA) fighters. The authors found that MMA has several potential competitive styles, and the aforementioned
characteristics can vary among successful athletes and influence training program design.

James et al. (2016) identified the characteristics of striking and grappling combat athletes and
determined that different physiological profiles exist for wrestlers and striking athletes. They recommended that
wrestlers develop speed-strength qualities with exercises that increase maximum strength while striking athletes
use light loads with more rapid movements.

Slimani et al. (2017) analysed and evaluated anthropometric, physiological, physical, and psychological
characteristics of kickboxers with consideration to activity profile and injury epidemiology. They determined
that these characteristics influence performance and can serve as a guide for training.

Mala et al. (2019) compared morphological symmetry among elite athletes in six combat sports (judo,
karate, fencing, wrestling, tackwondo, and kickboxing). This study revealed morphological differences among
practitioners of different combat sports and contributed to the development of practical recommendations for
improving the training process.

The level of development of physical qualities largely determines the tactical and technical preparation
of athletes. For example, the ability to selectively demonstrate significant muscle effort allows combat athletes to
successfully perform tactical and technical combinations and timely counterattacks, which increases the
reliability of implementing technical and tactical actions (Coswig et al., 2018; Latyshev et al., 2022). It has been
established that specialized physical fitness is one of the key factors in achieving the highest results in
competitive wrestling (Tropin et al., 2023).

Ambrozy et al. (2021) established correlations between specific physical preparedness and indicators of
technical and tactical mastery of Jiu-Jitsu athletes. They found that athletes with higher physical preparedness
were more active and effective in attack.

Andreato et al. (2017) studied competitive Brazilian Jiu-Jitsu matches and found that aerobic power
contributes to maintaining high intensity throughout the entire match, delaying fatigue, and achieving quick
recovery between matches. Speed-strength is used for both offence and defence, particularly in executing throws,
while strength endurance is utilized to maintain the grip on the opponent’s gi, a special clothing used for
training. Given this dynamic of Brazilian Jiu-Jitsu matches, athletes should have a high level of strength
conditioning. These findings are supported by other studies (Detanico et al., 2017; Ambrozy et al., 2021).

The importance of this research is driven by the need to find new effective methods to enhance athletic
performance, including in Brazilian jiu-jitsu. The anticipated results will expand theoretical knowledge in sports
science and provide practical recommendations for coaches and athletes aiming to maximize their physical
capabilities. Consequently, static-dynamic exercises may become a vital tool in the arsenal of modern training
methodologies, contributing to the improvement of strength metrics and physical fitness of elite athletes.

The study will examine various training protocols that include static-dynamic exercises and analyze
their impact on physical fitness. The obtained data will substantiate the inclusion of static-dynamic exercises in
training programs and develop recommendations for their optimal use to achieve the highest sporting results.

Based on this information, the purpose of this study was to investigate the influence of static-dynamic
exercises on the strength performance of elite Brazilian Jiu-Jitsu athletes.

Material & methods
Participants

The study involved 20 elite Brazilian Jiu-Jitsu athletes. All participants held purple belts and competed
in national and international tournaments. To be included in the sample, athletes were required to have practised
Brazilian jiu-jitsu for a minimum of 9 years, train at least 10 times per week, and fall within the weight range of
75 kg to 85 kg. Additionally, athletes were not allowed to have any limitations or restrictions that would hinder
or impede the execution of any procedures in this study, such as recent injuries or illnesses.

Those who did not pass all evaluations or had an attendance frequency of less than 75% in the training
sessions were excluded. A total of 25 elite athletes were invited to participate in the study, out of which 4 were
excluded for failing to meet the 75% attendance frequency requirement in the training program, and 1 left the
study for personal reasons. Therefore, the participants were divided into two groups: a control group of 10
athletes (age: 20.06+1.02 years; weight: 81.49+3.83 kg; height: 178.5+4.27 cm) and an experimental group of 10
athletes (age: 19.97+1.09 years; weight: 81.99+3.55 kg; height: 177.4+£3.85 cm). The groups were formed
randomly. Informed consent to participate in the study was obtained from all participants. The study program
and design were discussed and approved at a meeting of the Bioethics Committee of the Kharkiv State Academy
of Physical Culture.
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Organization of research

The study lasted for 8 weeks. Pre- and post-testing of the athletes’ strength was conducted using a
battery of tests. The control group continued their formal training without any intervention, while the
experimental group was doing static-dynamic sets of exercises. The protocol of static-dynamic exercises
consisted of two complexes. The first set included push-ups, barbell squats, and dumbbell lateral raises
(performed on Mondays, Wednesdays, and Fridays). The second set included pull-ups, sit-ups, and
hyperextensions (performed on Tuesdays, Thursdays, and Saturdays).

During the push-up exercise athletes assumed a prone position with their hands placed shoulder-width
apart, fingers and toes on the floor, and body forming a straight line. Athletes performed full-range-of-motion
push-ups with their elbows bent to a 90-degree angle and maintained the position with their arms flexed at a 90-
degree angle. The starting position for the barbell squats was with the barbell on the shoulders, feet shoulder-
width apart, toes slightly turned out, and the back and legs straight. The weight of the barbell was evenly
distributed on both legs. The athlete squatted and then stood up with the barbell on the shoulders, returning to the
starting standing position. The angle of knee flexion should be 90 degrees, and the position should be held with
the knees bent at a 90-degree angle. The weight of the barbell was 50% of the maximum.

The dumbbell lateral raises involved starting with the feet shoulder-width apart, a straight back, slightly
bent arms, and the dumbbells almost touching the legs with palms facing the thighs. The athlete raised the arms
to the sides (with a 90-degree angle between the arms and the torso) and lowered them back to the starting
position (strictly in the plane of the torso). The elbows do not bend while doing the exercise. The position should
be held with raised arms at a 90-degree angle relative to the torso. The weight of the dumbbells was 5 kg.

The starting position for the pull-ups was hanging from a bar with arms slightly wider than shoulder-
width, a straight back, and a slightly raised chin. The athlete performed a pulling movement upwards until the
chin reached the bar, and then lowered back to the starting position. The position should be held with the arms
bent at a 90-degree angle.

The sit-ups assumed the starting position of lying on the back with knees bent, feet flat on the floor, and
hands behind the head. The athlete raised the upper part of the torso towards the knees and then returned to the
starting position. The exercise involved holding the position with the torso bent.

The hyperextension was performed on a Roman chair. The starting position involved the athlete
pressing the thighs against the support and securing the legs while being bent over with the head down. Then the
athlete began to lift the torso and arms by contracting the muscles that straighten the spine. The exercise
involved holding the position with a straightened torso.

The exercises were distributed in such a way as to ensure alternating loads on the muscles of the legs,
arms, back, abdomen, and overall effect. Each exercise was performed in sets of 3 repetitions (Ist set: 10
seconds — performing the exercise, 10 seconds — holding the position in the tense phase, 10 seconds — performing
the exercise, 30 seconds — rest; 2nd set: 10 seconds — performing the exercise, 10 seconds — holding the position
in the tense phase, 10 seconds — performing the exercise, 30 seconds — rest; 3rd set: 10 seconds — performing the
exercise, 10 seconds — holding the position in the tense phase, 10 seconds — performing the exercise). The rest
between exercises lasted 3 minutes. This time of recovery was arbitrarily chosen based on material and technical
support for education. The exercise tempo was moderate. The sets were performed at the end of the main part of
the training session. The time to complete one set was 14-15 minutes. The pause intervals were composed of
passive recovery. Along with performing the entire protocol, athletes received verbal encouragement, and the
intervals were monitored using a pre-set stopwatch. An example of performing the first set of exercises is as
follows: the exercise routine consists of three sets of three exercises. Each exercise consists of a series of three
movements: 10 seconds of performing the exercise, followed by 10 seconds of holding the position in a tense
phase, and another 10 seconds of performing the exercise. This is followed by a rest period of 30 seconds
between each exercise and a longer rest period of 3 minutes between each set.

The exercises included are:

1) push-ups, where the individual performs the exercise by bending and straightening the arms while in
a lying position, followed by the tense phase hold, with a total duration of 30 seconds per set;

2) barbell squats, where the individual performs the exercise by bending and straightening the legs
while holding a barbell, followed by the tense phase hold, with a total duration of 30 seconds per set;

3) lateral raises with 5kg dumbbells, where the individual performs the exercise by raising the arms
laterally with dumbbells, followed by the tense phase hold, with a total duration of 30 seconds per set.

Example of performing the second set of exercises:

— Pull-ups (10s - exercise execution, 10s - hanging position on bent arms, 10s - exercise execution), rest
(30s); pull-ups (10s - exercise execution, 10s - hanging position on bent arms, 10s - exercise execution), rest
(30s); pull-ups (10s - exercise execution, 10s - hanging position on bent arms, 10s - exercise execution), rest (3
minutes).

— Sit-ups (10s - exercise execution, 10s - holding the tension phase, 10s - exercise execution), rest (30s);
sit-ups (10s - exercise execution, 10s - holding the tension phase, 10s - exercise execution), rest (30s); sit-ups
(10s - exercise execution, 10s - holding the tension phase, 10s - exercise execution).
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— Hyperextension (10s - exercise execution, 10s - holding the tension phase, 10s - exercise execution),
rest (30s); hyperextension (10s - exercise execution, 10s - holding the tension phase, 10s - exercise execution),
rest (30s); hyperextension (10s - exercise execution, 10s - holding the tension phase, 10s - exercise execution).
Measurement

To assess the level of strength fitness all tests used were verified for accuracy and reliability (Ambrozy
et al., 2022; Wasacz et al., 2022) and were tested in the previous study. (Tropin et al., 2021). Before each testing,
athletes from both groups participated in a standard 15-minute warm-up consisting of exercises to prepare the
body for physical exertion. The warm-up included static and dynamic movements of the arms, torso, abdomen,
back, and legs.

—100 m Sprint Test. This test provides information on an athlete’s speed-strength abilities. Test
participants take a position in a high starting stance behind the starting line and maintain a motionless state.
Upon the coach’s signal, they must cover a distance of 100 meters as quickly as possible. Two attempts were
given, with a two-minute rest period between each attempt. The result of the test is the best time taken to
complete the distance with an accuracy of a tenth of a second.

— Pull-ups for 20 s. This test characterizes the speed-strength abilities of the muscles in the shoulder
girdle. The subject grabs the bar with an overhand grip and hangs. Upon a signal, the subject flexes arms at the
elbows and pulls the body up high enough for the chin to be above the bar, and then returns to a relaxed hanging
position without resting. The athlete performed the maximum number of movements possible at a maximum
pace for 20 seconds. The number of complete pull-ups (chin above the bar) within 20 seconds was recorded. The
test was performed only once.

— Push-ups for 20 s. This test assesses the speed-strength capabilities of the shoulder girdle muscles.
The subject assumes a front plank position with hands shoulder-width apart. Upon a signal, the subject performs
push-ups (lowering until touching the ground) with full arm extension, aiming for maximum speed and the
highest possible number of repetitions within 20 seconds. The number of repetitions within 20 seconds was
recorded. The test was conducted only once.

— Sit-ups for 20 s. This test delivers information on the speed-strength abilities of the core muscles. The
subject lies on a mat with legs spaced 30 cm apart and knees bent. The hands are clasped, resting against the
back of the head, while the legs are hooked onto a ladder or any stable object to maintain contact with the
ground. Upon a signal, the participant sits up, touching the elbows to the knees, and then returns to the starting
position. The athlete performed the maximum number of movements possible at a maximum pace for 20
seconds. The number of repetitions in 20 seconds was recorded. The test was performed only once.

— Standing Long Jump Test. This test indicates the speed-strength abilities of the leg muscles. The test
participant stands with the toes at the line, swings the arms backwards, then forcefully brings them forward,
propelling oneself with the legs and jumping as far as possible. Two attempts were given, with a two-minute rest
period between each attempt. The result of the test is the distance jumped in centimetres in the best of two
attempts. The length of the jump was measured as the distance from the starting point to the nearest point of
landing.

— Pull-ups Test. This test characterizes the muscular endurance of the shoulder girdle muscles. The
athlete performed the maximum number of repetitions possible at a self-determined optimal pace. Measurement
was conducted based on the number of completed repetitions.

— Push-ups Test characterizes the muscular endurance of the shoulder girdle muscles. The subject
assumes a front plank position with hands shoulder-width apart. Upon a signal, the subject performs push-ups
(lowering until touching the ground) with full arm extension. The athlete performs as many repetitions as
possible. The optimal pace of exercise execution is determined by the individual. Measurement is done based on
the number of completed repetitions. The test was conducted only once.

— Squats with a Partner of Equal Weight. This test provides information on the muscular endurance of
the leg muscles. The subject begins performing exercises from a standing position, with feet shoulder-width
apart. A partner sits on the subject’s shoulders. The athlete performed the maximum number of repetitions
possible at a self-determined optimal pace. Measurement was conducted based on the number of completed
repetitions. The test was performed only once.

— Hanging Leg Raises Test. This test shows the muscular endurance of the core muscles. The subject,
starting from a hanging position on a gymnastic wall, performs leg raises until hands can grip the wall. The
athlete performed the maximum number of repetitions possible at a self-determined optimal pace. Measurement
was conducted based on the number of completed repetitions. The test was performed only once.

— Bent-Arm Hang Test. This test determines the static endurance of the arm muscles. The athlete
performs a chin-up on a bar and holds the position for the maximum amount of time possible. The duration of
maintaining the position was evaluated in seconds as long as the subject’s chin remains above the bar, and the
stopwatch was started when the independent hanging began. The test was conducted only once. The hanging
time is measured with a precision of 0.1 seconds.

The results of the testing at the beginning and end of the study were recorded in a special protocol.
Statistical Analysis
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The obtained data were analysed using the computer software package Statistica 10.0 (StatSoft, Inc.,
USA) and licensed spreadsheet software Excel (2010). The mean (Mean), standard deviation (SD), and median
(Me) were calculated. To present the data distribution, an interquartile range was used, indicating the first
quartile (25% percentile) (Q;) and the third quartile (75% percentile) (Q;). The statistical significance of
differences was assessed using the Mann-Whitney test (U), with a significance level set at p<0.05. The use of
non-parametric tests to assess differences between groups is justified by the small sample size and the nature of
the data distribution, which deviated from the normal distribution. Non-parametric tests are robust and suitable
for analyzing data with non-normal distributions or small sample sizes.

Results

The results of the assessment of the level of strength training at the beginning and the end of the
pedagogical experiment are presented in Tables 1 and 2.
Table 1. The results of the strength fitness testing at the beginning of the study

Tests Experimental group Control group

Mean SD Me Q; Qs Mean SD Me Q Q;
100 m Sprint Test (s) 1414 046 1425 1390 1447 1401 079 1435 1345 1457
Push-ups for 20's (n) 190 328 185 1700 2075 193 275 195 1725 2175
Pull-ups for 20 s (n) 112 162 110 1025 1200 113 258 110 1000 1175
Sit-ups for 20's (n) 144 288 145 1225 1675 152  3.16 155 1325 1675
Standing Long Jump (cm) 199.6 1137 2015 1910 2072 197.6 1602 2015 1888  209.5
Pull-ups (n) 170 394 165 1425 1875 167 397 155 1425 1850
Push-ups (n) 559 626 555 5000 6150 569 619 565 530 615
Squats with a Partner of Equal 13 1 307 155 1100 1550 135 369 125 1025 1675
Weight (n)
Hanging Leg Raises (n) 141 401 145 1025 1775 136 412 115 1025 1775
Bent-Arm Hang (s) 427 275 420 4100 4375 435 3.03 425 4125 4475

SD — standard deviation, Me — median, Q, — first quartile, Q; — third quartile.

Table 2. The results of strength readiness testing at the end of the study

Tests Experimental group Control group
Mean SD Me Q Q; Mean SD Me Q Qs

100 m Sprint Test (s) 13.16 047 1320 1278 1345 1381 085 1425 1290 1447
Push-ups for 20 s (n) 227 319 225 2025 2575 198 229 200 1825 2175
Pull-ups for 20's () 140 163 140 1325 1500 118 257 110 1025  12.00
Sit-ups for 20's (n) 179 119 180 1725 1900 157 298 160 1425  17.00
Standing Long Jump (cm) 2091 640 2080 2055 2148 1986 1393 2015 1888  209.5
Pull-ups (n) 201 247 195 1825 2100 171 357 155 1500  18.50
Push-ups (n) 617 258 620 5975 63.00 574 566 565 5325 6150
Squats with a Partner of Equal 0o 56y 160 1525 1875 137 347 125 1100 1675
Weight (n)

Hanging Leg Raises (n) 167 204 175 1625 1800 139 384 120 1101 17.75
Bent-Arm Hang (s) 476 341 485 4550 4975 443 283 435 420  46.50

SD — standard deviation, Me — median, Q, — first quartile, Q; — third quartile.

The results of the testing indicate certain dynamics of changes in the indicators obtained during the
study. The increase in the strength training results among athletes in the experimental group is significantly
higher in all tests, ranging from 4.5% to 22.0%, while in the control group, it is lower, ranging from 0.5% to
3.2% (Figure 1).

24.0 B Experimental group Control group
180
120 ——— —,—
0,0 + " d " I : . ; - . ‘
1 2 3 4 5 6 7 8 9 10
Tests

Figure. 1. Dynamics of changes in indicators during the study.
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Tests: 1 — 100 m Sprint Test; 2 — Push-ups for 20 s; 3 — Pull-ups for 20 s; 4 — Sit-ups for 20 s; 5 —
Standing Long Jump; 6 — Pull-ups; 7 — Push-ups; 8 — Squats with a Partner of Equal Weight; 9 — Hanging Leg
Raises; 10 — Bent-Arm Hang

To compare the severity of indicators in two independent samples, the non-parametric statistical Mann-
Whitney test was used. The results of comparing the indicators of the experimental and control groups are
presented in Table 3.

Table 3. Comparison of strength testing results between groups at the beginning and end of the study

Tests Pre-Test Post-Test

U-test p-value U-test p-value
100 m Sprint Test (s) 48 0.9093 27 0.08801
Push-ups for 20 s (n) 45 0.7324 75 0.06272
Pull-ups for 20 s (n) 55.5 0.699 81 0.01984
Sit-ups for 20 s (n) 44 0.676 78.5 0.03202
Standing Long Jump (cm) 51 0.9698 72.5 0.09518
Pull-ups (n) 53 0.8494 79 0.0302
Push-ups (n) 45 0.7306 77 0.04298
Squats with a Partner of Equal Weight (n) 48 0.9092 75 0.06252
Hanging Leg Raises (n) 51 0.9695 69 0.1566
Bent-Arm Hang (s) 42 0.5666 77.5 0.04026

CI - confidence intervals, statistically significant values are bolded.

Based on the comparison of the results of testing athletes in the experimental and control groups, it can
be concluded that at the beginning of the pedagogical experiment, the groups did not have statistically significant
differences (U-test, p-value >0.05). At the end of the pedagogical experiment, the results of the athletes in the
experimental group improved compared to those in the control group. In 50% of the tests, there were statistically
significant differences (U-test, p-value <0.05), specifically in the tests: Pull-ups for 20 s; Sit-ups for 20 s; Pull-
ups; Push-ups; Bent-Arm Hang (Table 3).

Discussion

The objective of the research was to test the effectiveness of the proposed static-dynamic sets of
exercises. An 8-week program was used in the study, which was considered sufficient to improve the level of
preparedness of athletes in various sports. For example, Nesen et al. (2018) found that the use of a set of speed-
strength exercises on a coordination ladder and with punching balls for 8 weeks increased the technical
preparedness of 13-14-year-old handball players.

Branco et al. (2022) studied the effects of an additional strength program on the general and specific
physical preparedness of judokas. After 8 weeks of strength training, the results of the general and specific
preparedness were significantly better in the experimental group of judokas.

Cakir & Ergin (2022) found that performing basic exercises for agility, explosive strength, and balance,
three times a week for 8 weeks, had a positive effect on the agility of young female volleyball players.

Geng & Cigerci (2020) determined that using plyometric training three times a week for 8§ weeks had a
positive effect on the motor abilities of 13-14-year-old handball players. Similar research was conducted by
Kurniawan et al. (2021) in judo. The authors found that an 8-week plyometric training program with active-
passive recovery positively affects the endurance and leg strength of male judokas.

Bayrakdaroglu et al. (2020) compared the effects of strength, plyometric, and set training methods on
the movement speed of combat athletes. After 8 weeks of the proposed training methods, a statistically
significant difference was found in the mean velocity (MV), mean propulsive velocity (MPV) and peak velocity
(PV) obtained in the loaded-squat jump exercise (p<0,05).

To assess the effectiveness of a developed program, the dynamics of strength indicators were evaluated.
This research method is commonly used in sports science. It allowed for the establishment of the efficiency of
the developed programs in Greco-Roman wrestling (Tropin et al., 2021), boxing (Bu, 2022), tackwondo
(Strelchuk et al., 2022), and wheelchair basketball (Maksym et al., 2018).

The main objective of the experiment was to increase the strength readiness indicators of Brazilian Jiu-
Jitsu (BJJ) athletes through the implementation of sets of static-dynamic exercises. Various approaches to
increasing strength indicators in BJJ have been previously described. Ovretveit & Toien (2018) identified that
maximal strength training was an effective approach to rapidly increasing maximum strength, power, and
muscular endurance in BJJ athletes.

Da Silva et al. (2015) developed practical recommendations that would be useful for the strength
training of BJJ athletes. These recommendations can be used as a benchmark in diagnosing and developing
individual strength programs, as well as for monitoring the load on the upper limb muscles during training
periods for BJJ athletes.
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Follmer et al. (2021) found that BJJ wrestlers presented greater rapid and maximal strength imbalances
at extreme compared to mid-point angles of range of motion. Results may benefit coaches in developing strength
exercises focusing on these specific angles to potentially reduce the risk of elbow injury and improve the
performance of BJJ wrestlers in competition.

The research procedure involved comparing a control group with an experimental group of Brazilian
Jiu-Jitsu athletes, which is a common research design in sports science. Manolachi et al. (2022) identified the
most effective strength fitness program for preparing female athletes for hand-to-hand combat by comparing the
results of two groups in a pedagogical experiment. This program is expected to enhance athletes’ adaptive
reserves and level of preparation.

Podrihalo et al. (2023) compared the results of tackwondo athletes of different ages using the tapping
test. Therefore, athletes were divided into three age groups. The results of the tapping test were directly related to
the athletes’ age, indicating an increase in the strength of nervous processes among older athletes due to regular
training.

Okun et al. (2020) conducted a study that revealed differences in anthropometric measurements of girls
aged 9-12 who practised canoe slalom and kayaking. The results of the study indicated that kayak girls had
advantages in most measurements compared to their peers who practised canoeing, although the differences
between them were minor.

Podrihalo et al. (2021) performed a comparative analysis of morpho-functional characteristics and
somatotype features of arm wrestling and weightlifting athletes. Specific somatotype features important for
improving the level of expertise in these sports were identified. Grip strength in static and dynamic modes was
found to be a predictor of success in these sports. The authors proposed using these indicators for monitoring the
functional state of athletes.

Sadeghipour et al. (2021) conducted a study on the effects of WB-EMS training and resistance training
on body composition and maximal strength in trained women. The participants were divided into three groups:
the first experimental group performed WB-EMS training, the second experimental group performed resistance
training, and the third control group did not receive any intervention. The results showed that both types of
training could improve maximal strength, although each type of training had its advantages.

Piatysotska et al. (2023) investigated differences in psychomotor abilities among athletes of cyclic
sports (short track), combat sports (karate, tackwondo), and e-sports. It was found that e-sports athletes had
significantly better choice reaction time (p<0.05) than combat sports athletes. The results of short-track speed
skaters did not differ significantly from combat sports athletes and e-sports athletes (p>0.05). In the tapping test,
the total number of movements and the average number of movements in 5 seconds tended to be higher in e-
sports athletes compared to short-track speed skaters and combat sports athletes. Combat sports athletes showed
the fastest reaction time to changes in the size of objects in the Size-test, while short-track speed skaters showed
the slowest reaction time. These findings suggested a trend towards better results in this type of reaction among
combat sports athletes compared to short-track speed skaters and e-sports athletes.

Wasacz et al. (2022) conducted a comparison of the physical fitness profiles of athletes in Thai boxing
and Brazilian Jiu-Jitsu. The study determined that athletes in Brazilian Jiu-Jitsu demonstrated better results in
strength tests, including static strength, relative strength, shoulder girdle strength, and functional strength. For
abdominal strength endurance, push-ups, back muscle strength, barbell squats, and barbell bench press, higher
but insignificant differences were observed in the BJJ group. There were no differences between the groups in
static balance, simple reaction time to a visual stimulus, trunk flexibility, explosive strength of lower limbs, and
the resulting index of maximum anaerobic work and agility test results.

The results of the study indicated that the experiment had a positive impact on the level of strength
training in the experimental group. Significant improvements were observed in tests assessing the condition of
the abdominal and shoulder muscles (p<0.05). Shoulder muscle strength was essential for an athlete to win in
Brazilian Jiu-Jitsu, which was consistent with previously obtained results (da Silva et al., 2015; Wasacz et al.,
2022; Lopes-Silva et al., 2022).

Recent studies have shown that strength training influences the success of combat athletes in
competition. Ambrozy et al. (2021) found that Brazilian Jiu-Jitsu athletes with higher strength training were
more active and effective in attack. Specific strength indicators showed a significant correlation with technical-
tactical parameters.

Korobeynikov et al. (2023) determined that the ability to perceive and process external information
during a fight was the basis of a boxer’s strength qualities. Elite boxers with high levels of special work capacity
had a higher speed of verbal information recall, which positively impacted the course of the fight.

Manolachi et al. (2022) revealed that accelerated growth of the functional capabilities of mixed martial
arts (MMA) athletes was observed during high-intensity strength training under anaerobic alactic energy supply
conditions. The use of this type of strength training was supposed to strengthen the adaptation reserves of
athletes during the specialized basic training phase. These changes in performance indicators would also improve
the strength training of MMA fighters in the shortest possible time, which was of great importance in preparing
them for competitions.
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Almeda et al. (2023) found that Brazilian Jiu-Jitsu athletes who placed greater emphasis on developing
strength and power in their training process and had greater experience with resistance training consistently
demonstrated better performance in competitive activities.

In conclusion, it can be said that an athlete with a high level of strength training is more successful and
efficient in performing technical-tactical actions in competitions (da Silva et al., 2022; Parraga Montilla et al.,
2022; Wasik et al., 2023). Additionally, strength training is effective in protecting against injuries commonly
associated with contact sports (Ambrozy et al., 2022; Follmer et al., 2021).

Conclusion

The study examined the effectiveness of incorporating static-dynamic exercises into the training
regimen of elite Brazilian jiu-jitsu athletes. The research spanned eight weeks. The results indicated that the
inclusion of static-dynamic exercises has been found to promote an increase in strength performance indicators
among elite Brazilian Jiu-Jitsu athletes. The experimental group demonstrated increasing strength performance
results ranging from 4.5% to 22.0%, while the control group showed an increase ranging from 0.5% to 3.2%.
The obtained results will not only substantiate the inclusion of these exercise routines in the training programs of
Brazilian jiu-jitsu athletes but also develop recommendations for their optimal use to achieve the best athletic
performance in other types of martial arts.

References:

Almeda, C. G., Mangine, G. T., Green, Z. H., Feito, Y., & French, D. N. (2023). Experience, Training
Preferences, and Fighting Style Are Differentially Related to Measures of Body Composition, Strength, and
Power in Male Brazilian Jiu Jitsu Athletes — A Pilot Study. Sports, 11(1), 13.
https://doi.org/10.3390/sports11010013

Ambrozy, T., Rydzik, L., Kwiatkowski, A., Spieszny, M., Ambrozy, D., Rejman, A., Koteja, A.,
Jaszczur-Nowicki, J., Duda, H., & Czarny, W. (2022). Effect of CrossFit Training on Physical Fitness of
Kickboxers. Int. J. Environ. Res. Public Health, 19, 4526. https://doi.org/10.3390/ijerph19084526

Ambrozy, T., Rydzik, L., Spieszny, M., Chwata, W., Jaszczur-Nowicki, J., Jekietek, M., ... & Cynarski,
W. J. (2021). Evaluation of the Level of Technical and Tactical Skills and Its Relationships with Aerobic
Capacity and Special Fitness in Elite Ju-Jitsu Athletes. International Journal of Environmental Research and
Public Health, 18(23), 12286. https://doi.org/10.3390/ijerph182312286

Andreato, L. V., Lara, F. J. D., Andrade, A., & Branco, B. H. M. (2017). Physical and physiological
profiles of Brazilian Jiu-Jitsu athletes: a systematic review. Sports medicine-open, 3, 1-17.
https://doi.org/10.1186/s40798-016-0069-5

Bayrakdaroglu, S., Topsakal, N. & Can, 1. (2020). Dé6viis Sporcularina Uygulanan Direng, Pliometrik ve
Kompleks Antrenman Yontemlerinin Hareket Hizina Etkilerinin Karsilastirilmasi. Spor Bilimleri Arastirmalari
Dergisi, 5 (1), 44-54. https://doi.org/10.25307/jssr.690103

Branco, B. H., Marcondes, V. A., de Paula Ramos, S., Badilla, P. V., & Andreato, L. V. (2022). Effects
of supplementary strength program on generic and specific physical fitness in cadet judo athletes. Journal of
Strength and Conditioning Research, 36(10), 2816-2823. https://doi.org/10.1519/ISC.0000000000003983

Bu, X. (2022). Experimental Study on the Effect of Speed Strength Training on the Special Strikes of
Chinese Female Boxers. Journal of Environmental and Public Health, 2022, 5912231.
https://doi.org/10.1155/2022/5912231

Cakir, M. & Ergin, E. (2022). The Effect of Core Training on Agility, Explosive Strength and Balance
in Young Female Volleyball Players. Spor Bilimleri Arastirmalari Dergisi, 7 (2), 525-535.
https://doi.org/10.25307/jssr.1171779

Chaouachi, A., Coutts, A. J., Chamari, K., Wong, D. P., Chaouachi, M., Chtara, M., ... & Amri, M.
(2009). Effect of Ramadan intermittent fasting on aerobic and anaerobic performance and perception of fatigue
in male elite judo athletes. The Journal of Strength & Conditioning Research, 23(9), 2702-2709.

Coswig, V. S., Gentil, P., Bueno, J. C. A., Follmer, B., Marques, V. A., & Del Vecchio, F. B. (2018).
Physical fitness predicts technical-tactical and time-motion profiles in simulated Judo and Brazilian Jiu-Jitsu
matches. PeerJ, 6(5), e4851. https://doi.org/10.7717/peerj.4851

da Silva, B. V., Simim, M. A., Marocolo, M., Franchini, E., & da Mota, G. R. (2015). Optimal load for
the peak power and maximal strength of the upper body in Brazilian Jiu-Jitsu athletes. Journal of strength and
conditioning research, 29(6), 1616-1621. https://doi.org/10.1519/JSC.0000000000000799

da Silva, L. S., Neto, N. R. T., Lopes-Silva, J. P., Leandro, C. G., & Silva-Cavalcante, M. D. (2022).
Training protocols and specific performance in judo athletes: A systematic review. The Journal of Strength &
Conditioning Research. https://doi.org/10.1519/JSC.0000000000004015

Detanico, D., Dellagrana, R. A., Athayde, M. S. da S., Kons, R. L., & Goes, A. (2017). Effect of a
Brazilian Jiu-Jitsu-simulated tournament on strength parameters and perceptual responses. Sports Biomechanics,
3141(July), 1-12. https://doi.org/10.1080/14763141.2016.1206143

1159

JPES ®  www.efsupit.ro



YURUI TROPIN, LEONID PODRIGALO, VYACHESLAV ROMANENKO, YULIYA KOVALENKO,
NATALYA BOYCHENKO, OLHA PODRIHALO, OLEKSANDR VOLODCHENKO

Dulceanu, C., & Mihailescu, L. (2011). Contributions regarding sport selection and orientation for the
first formative stage in athletics. Journal of Physical Education and Sport, 11(3), 329-335. ISSN: 2247 - 806X

Follmer, B., Ruas, C. V., Dellagrana, R. A., Pereira De Lima, L. A., Pinto, R. S., & Diefenthacler, F.
(2021). Brazilian Jiu-Jitsu fighters present the greatest rapid and maximal strength imbalances at extreme elbow
angles. Journal of bodywork and movement therapies, 25, 126—132. https://doi.org/10.1016/j.jbmt.2020.11.013

Geng, H., & Cigerci, A. E. (2020). Investigation of the effect of eight weekly pliometric training
program on body composition and some motorical properties in 13-14 age group handball players, JSAR, 2 (1)
34-41. Retrieved from: https://dergipark.org.tr/tr/download/article-file/1145563

James, L. P., Haff, G. G., Kelly, V. G., & Beckman, E. M. (2016). Towards a Determination of the
Physiological Characteristics Distinguishing Successful Mixed Martial Arts Athletes: A Systematic Review of
Combat Sport Literature. Sports Medicine. 46(10), 1525-1551. https://doi.org/10.1007/s40279-016-0493-1

Korobeynikov, G., Korobeinikova, L., Raab, M., Bai¢, M., Borysova, O., Korobeinikova, I.,
Shengpeng, G., & Khmelnitska, 1. (2023). Cognitive functions and special working capacity in elite boxers.
Pedagogy of Physical Culture and Sports, 27(1), 84-90. https://doi.org/10.15561/26649837.2023.0110

Kurniawan, C., Setijono, H., Hidayah, T., Hadi, H., & Sugiharto, S. (2021). The effect of plyometric
training with active-passive recovery for 8 weeks on performance physical abilities male judo athletes. Pedagogy
of Physical Culture and Sports, 25(6), 361-366. https://doi.org/10.15561/26649837.2021.0604

Latyshev, M., Tropin, Y., Podrigalo, L., & Boychenko, N. (2022). Analysis of the Relative Age Effect
in Elite Wrestlers. Ido movement for culture. Journal of Martial Arts Anthropology, 3(22), 28-32.
https://doi.org/10.14589/id0.22.3.5

Lopes-Silva, J. P., Rocha, A. L. S. D., Rocha, J. C. C,, Silva, V. F. D. S., & Correia-Oliveira, C. R.
(2022). Caffeine ingestion increases the upper-body intermittent dynamic strength endurance performance of
combat sports athletes. European  journal of  sport science, 22(2), 227-236.
https://doi.org/10.1080/17461391.2021.1874058

Maksym, M., Oleg, K., Viacheslav, M., Larysa, T., Zhanna, G., Olena, T., ... & Iryna, P. (2018).
Problems and features of technique in the development of coordination abilities of players specializing in
wheelchair  basketball.  Journal  of  Physical  Education  and  Sport, 18, 1016-1020.
https://doi.org/10.7752/jpes.2018.s2150

Mala, L., Maly, T., Cabell, L., Cech, P., Hank, M., & Coufalova, K. (2019). Body composition and
morphological limb asymmetry in competitors in six martial arts. International Journal of Morphology, 37(2),
568-575. https://doi.org/10.4067/S0717-95022019000200568

Manolachi, V., Chernozub, A., Potop, V., Marionda, 1., Titova, H., Sherstiuk, L., & Shtefiuk, 1. (2022).
The effectiveness of using power fitness training loads to increase adaptive reserves of female athletes in hand-
to-hand combat. Pedagogy of  Physical Culture and Sports, 26(5), 319-326.
https://doi.org/10.15561/26649837.2022.0506

Manolachi, V., Chernozub, A., Potop, V., Zoriy, Y., Kulbayev, A., Braniste G., & Savenko, A. (2022).
Increasing the functional capabilities of Mixed Martial Arts athletes in the process of optimizing different
regimes of power load. Pedagogy of Physical Culture and Sports, 26(6), 399-406.
https://doi.org/10.15561/26649837.2022.0606

Nesen, O., Pomeshchikova, 1., Druz, V., Pasko, V., & Chervona, S. (2018). Changes of technical
preparedness of 13-14-year-old handball players to develop high-speed and power abilities. Journal of Physical
Education and Sport, 18(2), 878-884. https://doi.org/10.7752/jpes.2018.02130

Okun, D., Korolova, M., Stadnik, S., Rozhkov, V., Mulyk, K., Grynova, T., ... & Petrenko, 1. (2020).
Selection of girls for canoe slalom based on morphological and functional indicators during puberty. Journal of
Physical Education and Sport, 20(6), 3497-3503. https://doi.org/10.7752/jpes.2020.06472

Ovretveit, K., & Toien, T. (2018). Maximal Strength Training Improves Strength Performance in
Grapplers. Journal of  strength and conditioning research, 32(12), 3326-3332.
https://doi.org/10.1519/JSC.0000000000002863

Parraga Montilla, J.A., Latorre Roman, P.A., Serrano Huete, V., Cabrera Linares, J.C., Lozano
Aguilera, E., & Jiménez Reyes, P. (2022). Differences in the Force-Velocity profile between Judoist and
freestyle wrestlers. Physical Activity Review, 10(1), 141-149. https://doi.org/10.16926/par.2022.10.15

Piatysotska, S., Mulyk, V., Huba, A., Dolgopolova, N., Yefremenko, A. & Zhernovnikova, Y. (2023).
Study of the psychomotor abilities of athletes in cyclic sports, martial arts and esports. Slobozhanskyi Herald of
Science and Sport, 27(1), 19-25. https://doi.org/10.15391/snsv.2023-1.003

Pityn, M., Okopnyy, A., Tyravska, O., Hutsul, N., & Ilnytskyy, 1. (2017). Dynamic indexes of technical
and tactical actions of qualified kickboxer individual fighting style. Journal of Physical Education and Sport, 17,
1024-1030. https://doi.org/10.7752/jpes.2017.s3157

Plush, M.G., Guppy, S.N., Nosaka, K., & Barley, O.R. (2022). Exploring the Physical and Physiological
Characteristics Relevant to Mixed Martial Arts. Strength and Conditioning Journal, 44(2), 52-60. https://doi.org/
10.1519/SSC.0000000000000649

1160

JPES ®  www.efsupit.ro



YURUI TROPIN, LEONID PODRIGALO, VYACHESLAV ROMANENKO, YULIYA KOVALENKO,
NATALYA BOYCHENKO, OLHA PODRIHALO, OLEKSANDR VOLODCHENKO

Podrigalo, L., Ke, S., Podrihalo, O., Olkhovyi, O., Paievskyi, V., & Kraynik, Ya. (2022). Justification of
the Selection Techniques in Martial Arts using Wald's Sequential Analysis. Physical Education Theory and
Methodology, 22(4), 576-582. https://doi.org/10.17309/tmfv.2022.4.17

Podrihalo, O., Podrigalo, L., Kiprych, S., Galashko, M., Alekseev, A., Tropin, Y., Deineko, A.,
Marchenkov, M., & Nasonkina, O. (2021). The comparative analysis of morphological and functional indicators
of arm wrestling and street workout athletes. Pedagogy of Physical Culture and Sports, 25(3), 188-193.
https://doi.org/10.15561/26649837.2021.0307

Podrihalo, O., Romanenko, V., Podrigalo, L., lermakov, S., Olkhovyi, O., Bondar, A., Semyzorova, A.
& Galimskyi, V. (2023). Evaluation of the functional state of tackwondo athletes 7-13 years old according to the
indicators of the finger-tapping test. Slobozhanskyi Herald of Science and Sport, 27(1), 3-9.
https://doi.org/10.15391/snsv.2023-1.001

Potop, V, & Cretu, M. (2018). Analysis of physical training influence on the technical execution of the
dismounts off the uneven bars. Pedagogics, psychology, medical-biological problems of physical training and
sports, 22(1), 28-34. https://doi.org/10.15561/18189172.2018.0104

Sadeghipour, S., Mirzaei, B., Korobeynikov, G., & Tropin, Y. (2021). Effects of Whole-Body
Electromyostimulation and Resistance Training on Body Composition and Maximal Strength in Trained
Women. Health, sport, rehabilitation, 7(2), 18-28. https://doi.org/10.34142/HSR.2021.07.01.02

Simion, G., Mihaila, I., Cretu, M., & Rosu, D. (2010). Sport as means of social integration for less
favored ethnic groups. Citius Altius Fortius, 26(1), 101-104. ISSN: 2066-2483

Slimani, M., Chaabene, H., Miarka, B., Franchini, E., Chamari, K., & Cheour, F. (2017). Kickboxing
review: anthropometric, psychophysiological and activity profiles and injury epidemiology. Biology of Sport,
34(2), 185-196. https://doi.org/ 10.5114/biolsport.2017.65338

Strelchuk, S., Lukina, O., Savchenko, V., Cynarski, W., Bai¢, M., Barbas, 1., & Korobeynikov, G.
(2022). Peculiarities of the competitive activity of tackwondo players aged 12-13 years before and after the
changes in the rules. Health, Sport, Rehabilitation, 8(3), 75-88. https://doi.org/10.34142/HSR.2022.08.03.06

Tropin, Y., Boychenko, N., & Kovalenko, J. (2021). Improving the methodology of development of
strength qualities of 15-16-year-old judokas. Slobozhanskyi Herald of Science and Sport, 2(82), 17-22.
https://doi.org/10.15391/snsv.2021-2.003

Tropin, Y., Latyshev, M., Saienko, V., Holovach, 1., Rybak, L., & Tolchieva, H. (2021). Improvement
of the Technical and Tactical Preparation of Wrestlers with the Consideration of an Individual Combat Style.
Sport Mont, 19(2), 23-28. https://doi.org/10.26773/smj.210604

Tropin, Y., Romanenko, V., Korobeynikova, L., Boychenko, N., & Podrihalo, O. (2023). Special
physical training of qualified wrestlers of individual styles of wrestling. Slobozhanskyi Herald of Science and
Sport, 27(2), 56-63. https://doi.org/10.15391/snsv.2023-2.001

Volodchenko, O., Podrigalo, L., Aghyppo, O., Romanenko, V., & Rovnaya, O. (2017). Comparative
Analysis of a functional state of martial arts athletes. Journal of Physical Education and Sport, 17(3), 2142-
2147. https://doi.org/10.7752/jpes.2017.s4220

Wasacz, W., Rydzik, L., Ouergui, L., Koteja, A., Ambrozy, D., Ambrozy, T., Ruzbarsky, P., & Rzepko,
M. (2022). Comparison of the Physical Fitness Profile of Muay Thai and Brazilian Jiu-Jitsu Athletes concerning
Training Experience. International journal of environmental research and public health, 19(14), 8451.
https://doi.org/10.3390/ijerph19148451

Wasik, J., Mosler, D., Gora, T., & Scurek, R. (2023). The conception of effective mass and effect of
force — measurement of tackwon-do master. Physical  Activity  Review, 11(1), 11-16.
https://doi.org/10.16926/par.2023.11.02

1161

JPES ®  www.efsupit.ro



