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Abstract 
 
Background: Parkour is a sport with alternating energy system in which some 
items such as lower body explosive power, muscular strength, production of 
high levels of power in the shortest period of time and high agility are of 
particular importance.Considering the anabolic and anticatabolic properties of 
beta-hydroxy beta-methyl butyrate (HMB), the aim of this study is to 
investigate the effect of taking this supplement along with plyometric training 
on body composition, agility and standing jump power of parkour athletes. 

Materials and Methods: For this purpose, forty parkour trained men (19-26 
years old) have been chosen and randomly categorized into four groups: HMB 
group, Plyometric group, HMB and Plyometric group and control group. The 
training program was performed for plyometric and plyometric-HMB group, 
three sessions per week for eight weeks which took one hour each Session. 
Also HMB and plyometric-HMB groups consumed three grams of HMB per day 
for eight weeks. Body composition analysis and Illinois test and standing jump 
power test were conducted before and after eight weeks of plyometric training 
and HMB supplementation. Research data was analysed by ANCOVA statistical 
test. 

Results: The results of statistical analysis of each group showed that 
performing eight weeks of plyometric training significantly improves the 
standing jump power, agility and body fat percentage of the parkour athletes 
(p <0.05). 
 
Conclusion: These findings indicate that plyometric training increase the 
standing jump power and agility and reduce the body fat percentage in 
parkour athletes, but taking HMB supplement along with plyometric training 
only helps to burn more fat in the parkour athletes. 
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For a long time, the issue of adopting an 

appropriate training method and dietary 

supplement in order to prepare athletes in 

order to achieve better results and perform 

sports skills to the desired level, has been 

considered by coaches and athletes (1). To this 

end, the heroes of ancient Greece greatly 

consumed meat and ate the hearts and 

testicles of animals to gain more power (2). 

One hundred years before Christ, Roman 

horsemen used substances made from honey 

and alcohol to increase the performance of 

their horses, and gladiators used stimulants 

and hallucinogens to reduce fatigue and injury 

(3). Today, ergogenic materials are available to 

athletes in a variety of materials and doses, 

such as capsules, tablets, or powders (4). 

Amino acids, proteins, creatine and caffeine 

are the most commonly used substances in the 

manufacture of ergogenic products (5). 

Leucine is a branched-chain amino acid, about 

5% of which is converted to HMB. This 

substance is converted in the liver to a 

precursor called beta-hydroxy beta-methyl-

glutraryl coenzyme A, which is required for 

cholesterol biosynthesis (6). According to 

research, skeletal muscle cells that are 

damaged during exercise need an external 

source of coenzyme A to produce cholesterol in 

cell membranes to restore normal structure 

and function (7). Conversion of leucine to HMB 

also activates muscle protein synthesis and 

reduces muscle protein breakdown (8). Some 

studies show that taking HMB has more 

benefits such as the ability to increase 

strength, musculoskeletal hypertrophy and 

aerobic function in both groups of trained and 

untrained individuals (9). 

 

HMB is present in two forms, calcium 

monohydrate (HMB-Ca) and its calcium-free 

form. Supplementation is the only practical 

way to get 3 grams of HMB per day Because 

otherwise, you will need to consume more 

than 600 grams of high-quality protein to get 

enough leucine (60 grams) to convert to 

HMB (10). 

A review of safety data from 9 studies has 

shown that consumers tolerate HMB well 

and consume 3 grams daily for 3 to 8 weeks 

in younger people (18-47 years old) and 

older people (62 to 81 years old) does not 

cause any side effects in both men and 

women who exercise or do not exercise (11). 

The International Society of Sports Nutrition 

(ISSN) recommends that healthy adults 

taking HMB supplements, should take 1-2 

grams of HMB-Ca, 60 to 120 minutes before 

exercise or 1-2 grams of HMB-FA, 30 to 60 

minutes before exercise (12). One of the 

important points to increase performance in 

parkour is to increase explosive power in 

muscles and agility. Also, having a better 

body composition improves performance in 

this sport. Plyometrics are exercises that 

enable the muscles to reach their maximum 

strength in the shortest possible time. In a 

short period of time, these exercises take a 

lot of force from the athlete's nervous and 

muscular system and put a lot of pressure on 

the joints. Considering that plyometric 

trainings to increase jump power and agility, 

it can be hypothesized that plyometric 

training can increase performance and 

improve the position and stability of joints in 

parkour (13). 

1. Introduction 
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2. Materials and Methods Although studies on HMB supplementation 

have shown the positive effects of its use on 

sports activities and exercises, but so far no 

study has been done on the quality of the 

effect of this supplement on the performance 

indicators of parkour athletes. Also, the effects 

of taking this supplement along with 

performing plyometric trainings are 

ambiguous. Therefore, due to the increasing 

importance of specific supplementation in 

sports and quality assessment of its effects, 

the present study was designed and 

conducted with the aim of the effect of HMB 

supplementation and plyometric trainings on 

body composition, agility, and standing jump 

power of parkour athletes. 

Subjects 

The present study is a quasi-experimental 

study in the field and laboratory (8 weeks of 

supplementation and plyometric trainings 

and body analysis with In Body body 

composition analyzer in the clinic of a 

nutritionist as a pre-test and post-test and 

standing jump power and Illinois tests before 

and after eight weeks of research) were 

performed to investigate the effect of HMB 

supplementation and plyometric trainings on 

body composition and agility and standing 

jump power of elite parkour athletes aged 19 

to 26 in Tehran. Among the eligible volunteers, 

40 people who did not have any acute or chronic 

disease were selected as a statistical sample and 

were randomly assigned to experimental and 

control groups. In the present study, the following 

items were used as inclusion criteria: 

• At least 6 years of professional 

parkour training experience 

• Young men aged 19 to 26 years 

• Do not smoke any tobacco until at 

least three months ago 

• No history of cardiovascular disease, 

blood, liver, kidney, respiratory 

diseases, which was collected as a 

questionnaire. 

• Do not use androgenic and energy 

supplements for at least three months 

• Parkour training more than three days 

a week 
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First, the participants were selected as a 

sample from people who did not have acute or 

chronic disease or did not take sports 

supplements and special medications. And the 

health questionnaire, consumption of tobacco 

and supplements, consent form and personal 

characteristics, physical activity questionnaire 

and food form consumed in the two days 

before Parkour training were distributed 

among them. In the second step, after filling in 

the medical-sports records form, the subjects 

were homogenized based on individual 

characteristics such as height, age, weight and 

body fat percentage, and then the goals and 

methods of conducting the research were 

explained to the individuals and written 

consent was obtained from them. Illinois and 

standing jump power and body composition 

tests were taken before and after the training 

program. Subjects were also asked to fast for 

the analyze body analysis and also to have not 

exercised or taken a bath before. In addition, 

subjects were asked not to take any sports 

supplements, anti-inflammatory or 

performance-enhancing drugs before the 

Illinois and standing jump power tests, and to 

follow the recommended diet.To measure the 

body composition and weight of the subjects, 

the In Body 230 body composition analyzer 

with an accuracy of one tenth of a kilogram 

was used. The subjects were weighed without 

shoes and socks and with minimal clothing. 

Subjects' height was measured manually. 

Subjects stood against the wall while their 

body weight was equally distributed on their 

foot and their heads parallel to the horizon, So 

that the back, shoulders, head, and heels feel 

the wall. Then, using a meter with an accuracy 

of one centimeter and the distance from the 

ground to the marked place was measured. 

To measure the body mass index (BMI) of the 

subjects, the method of dividing weight (kg) by 

height squared (m) was used. Body composition 

was measured by bioelectrical impedance. In 

this method, which is used by hand-held devices 

and body impedance analysis (BIA), a small 

electric current passes through his body. 

Adipose tissue, water and fat disrupt the 

electrical current and thus measure the result 

and present it in the form of a sheet that 

contains the amount of water, fat and muscle all 

over the body (14). The Illinois test was used to 

measure agility. The necessary equipment for 

this test is 8 cones, chronometers and meters to 

measure the dimensions of the earth. In this 

test, on a 10-meter-long and 5-meter-wide 

ground, the runner starts running from the 

beginning, and after a 10-meter course, rotates 

around the cone and then returns to the same 

starting point. Then it goes around again and on 

the way back and forth, it passes the cone in a 

zigzag pattern. Finally, he turns and runs 10 

meters to the next cone, and after rotating the 

cone, he returns to the finish line (15). The 

standing jump test was used to measure the 

standing jump power. This test is used to 

measure the explosive power of the legs. The 

measuring equipment for this test is a meter to 

measure the amount of jump and determine the 

take-off point. The subject stands behind the 

take-off line and puts his legs together. By 

swinging his arms and bending his knees, he 

puts more pressure to move forward and jumps. 

For each subject, the best record is recorded in 

three tests (16). In the third step, the subjects 

were randomly divided into four groups, which 

are: 

 

 

Exercise protocol 
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The first group Eight weeks of 

supplementation and their own parkour 

training routine 

The second group Eight weeks of plyometric 

training and their own parkour routine 

The third group Eight weeks of plyometric 

training and HMB supplementation and their 

own parkour training routine 

The fourth group The control group who 

participated only in pre-test and post-test along 

with their own parkour trainings 

In the fourth step, to acquaint the subjects with 

the plyometric trainings and its intensity, the 

subjects were taught two sessions on how to 

perform the plyometric trainings and were 

given a suggested diet also nutritional behaviors 

and their effects on their performance and 

athletic development were discussed with the 

subjects. All four training groups continued 

training without significant injury (an injury 

that prevented them from continuing their 

activities). The HMB group and the HMB-

plyometric group consumed three grams of 

HMB daily (with three meals a day of HMB 

biotech usa 1000 tablets). plyometric and HMB-

plyometric groups attended plyometric 

trainings at 5 to 6 pm on odd days and 

performed the specified trainings. The training 

program for plyometric trainings was three 

sessions per week for 8 weeks. The training 

sessions  began with a general and specialized 

warm-up of the joints and muscles of the whole 

body for 15 minutes (5 minutes of running to 

warm up the general body and 10 minutes to 

warm up the joints and muscles of the body). 

 

Two sections of descriptive and inferential 

statistics were used to analyze the data. The 

research data were first examined from a 

descriptive perspective to determine the mean, 

standard deviation, the relevant results of which 

are presented in Table 1. Then, Kolmograph-

Smirinov test was used to investigate the 

normal distribution of variables. Also ANCOA 

statistical test was used to analyze the research 

data. results are presented in Table 1. Then to 

investigate the natural distribution of variables, 

the Kolmograph-Smirinov test was used 

(Table2). Also all statistical analyzes were 

performed at the significance level of 0.05 and 

using IBM STATISTICS SPSS 25 statistical 

software. 

 

Statistical analysis 
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The results of 8 weeks of HMB supplementation 

and plyometric trainings on performance and 

body composition of elite parkour athletes in 

Tehran showed that there was no significant 

difference in 8 weeks of HMB supplementation 

on standing jump power, agility, improving 

body fat percentage, weight loss and BMI in 

male parkour athletes (P <0.05). Also, 8 weeks 

of plyometric training or taking HMB 

supplements along with plyometric training 

caused a significant difference in standing jump 

power, agility, improving body fat percentage, 

weight loss and reducing BMI of male parkour 

athletes (P <0.05). There are no significant 

differences between the pre-test and post-test 

measured in any of the dependent variables of 

the research in the control group (P <0.05). 

 

standing jump power index changes 

According to the results, performing  8 weeks of 

plyometric training  program and HMB 

supplementation increases the values 

associated with standing  jump power. 

Increasing the of standing jump power in two 

groups of plyometric training and HMB-

plyometric training are consistent with the 

results of research by Ramirez et al. (17) and 

Azbar et al. (18) and Imani et al. (19) who 

showed that plyometric trainings can increase 

strength and agility. 

3. Results 4. Discussion 
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Variable levels 

groups 

HMB plyometric HMB-plyometric Control 

Age(years) 

Pre-test 22.6±2.3 22.8±1.9 22.5±2.3 22.1±2.2 

Post-test --- --- --- --- 

Height(cm) 

Pre-test 175.4±5.9 176.4±6 174±6 174.9±6.6 

Post-test --- --- --- --- 

Weight(kg) 

Pre-test 68±7.1 70.4±8.2 73±11.4 69.3±8.7 

Post-test 68.4±6.7 69.9±7.6 72.2±10.6 69.6±8.3 

BMI(kg/m2) 

Pre-test 22±1.1 22.5±1.6 24±3.2 22.5±2 

Post-test 22.1±1.1 22.3±1.5 23.7±2.9 22.6±1.9 

BODY FAT 

(%) 

Pre-test 11.5±2.2 11.5±2.3 13.3±5.1 12.6±4.2 

Post-test 11.3±2.2 11±1.8 12.6±4.5 12.7±4 

standing 

jump(CM) 

Pre-test 262.8±12.8 258.8±14.6 254.4±14.9 254.4±12.3 

Post-test 263.7±13.6 262.3±13 258.5±14.8 253.8±11.3 

Illinois 

Test(s) 

Pre-test 16.5±0.6 16±0.9 16.5±1.2 16.3±1.5 

Post-test 16.2±0.6 15.7±0.6 16.1±1.1 16.3±0.9 

Table 1: Descriptive statistics related to physical and functional indicators 
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Variable 
Source of 

changes 

Total 

squares 

Df Average 

squares 

F P Eta 

squared 
standing 

jump(CM) 
group 002/0  1 002/0  010/0  0/741 001/0  

Erorr 5/133 9 253/0     

Total 7223/324 12     

Agility group 002/0  1 002/0  0/020 0/830 0/002 

Erorr 294/4  9 0/650    

Total 500/3597  12     

Body 

composition 
group 0/003 1 002/0  010/0  0/878 001/0  

Erorr 3/875 9 0/439 010/0    

Total 2671/491 12     

Table 2 : Results of one-way analysis of variance in research groups 
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According to a study conducted in 2017, two 

new and experienced groups in parkour were 

compared with each other, and the experienced 

group performed better in jumping (20) .

According to another study conducted in 2015 

by the same researcher, parkour training 

increases jumping power and muscle structure 

related to jumping (21). However, in the 

present study, no significant difference in 

standing jump power was observed for the 

control group who performed only routine 

parkour trainings. The reason for this can be 

attributed to the short study time of the groups 

(8 weeks). This is in line with the results 

presented in (20) in which the dependence of 

the increase in standing jump power of athletes 

overtime after training is mentioned (20). 

agility index changes 

The results of the agility index changes for the 

four groups are consistent with the changes in 

standing jump power presented in the previous 

section. Therefore, the obtained results are 

consistent with the findings of Chile et al. (22) 

and Azbar et al. (18) which show that 

performing plyometric trainings has a positive 

effect on agility. In addition, the control group 

performed better on average in the post-test 

than in the pre-test. The reason for the 

performance improvement in the control group 

was that the subjects practiced the Illinois test 

to record a better post-test record after the pre-

test and complete familiarity with the Illinois 

test. The subjects in the control group, tested 

the Illinois test at least once between pre-test 

and post-test and tried to improve their 

performance. Of course, this also applies to 

other groups who, after full acquaintance after 

the pre-test, in order to improve their 

performance, which was not part of the 

trainings. 

Also, beta-hydroxy-beta-methylbutyrate 

supplementation on agility in ANCOVA test, 

although not consistent with limited research 

by Mikalski et al. (23) and Miramonti et al. (24), 

but with a study by Connor et al. (25) And many 

other studies have suggested that HMB 

supplementation may be ineffective in 

professional athletes. 

Body composition analysis index changes 

In the present study, the results of ANCOVA 

statistical test showed that 8 weeks of 

plyometric training program and HMB 

supplementation along with plyometric 

trainings significantly improved the values 

related to body fat percentage, but weight loss 

and BMI indices of athletes in all the groups 

remained unchanged. In the control group, all 

indicators of body composition analysis were 

unchanged. 

In the HMB group, body fat percentage in 

athletes did not change significantly, which is 

contrary to the opinion of Benton et al. And 

Mikalski et al. (23) and is in line with the results 

of Hoffman and Creeder (27). According to the 

results of ANCOVA test in the HMB-plyometric 

group compared to the plyometric group, it can 

be said that the combination of HMB 

supplement with plyometric trainings may 

increase the fat burning effect in professional 

parkour athletes. 

 



Research article                        Journal of Sports Physiology and Athletic Conditioning. 2022; 2 (3): 64-75 

73 
 

  

  .5 Conclusion  

 

Funding 

This study did not have any funds. 

Acknowledgements 

The research results of this study on male 

parkour athletes in the four groups show that 

performing plyometric training for 8 weeks 

without affecting the weight and BMI of 

athletes, increases the indicators of standing 

jump power, agility and improves body fat 

percentage. According to the research of this 

study doing routine parkour training alone for 

8 weeks can not significantly increase the 

performance of this training. Also, studies 

show that taking HMB supplement alone does 

not have an effect on dependent variables in 

this research and only along with polymetric 

trainings can it cause more fat burning in 

athletes. 

Therefore, according to the results, this 

research supports plyometric trainings 

compared to routine parkour trainings or  

taking HMB supplements. 

 

The authors would like to thanks all the 

participants who participated in this 

research.  

 

Compliance with ethical standards 

Conflict of interest The authors declare that they 

have no conflict of interest.  

Ethical approval the research was conducted 

with regard to the ethical principles. 

Informed consent Informed consent was 

obtained from all participants. 

 

Author contributions 

 Conceptualization: A.D., M.A.; Methodology: A.D., 

M.A.; Software: M.GH.; Validation: A.D., M.A.; 

Formal analysis: A.D., M.A.; Investigation: A.D., 

M.A.; Resources: A.D., M.GH., M.A.; Data curation: 

A.D., M.A.; Writing - original draft: A.D., M.A.; 

Writing - review & editing: A.D., M.GH.; 

Visualization: A.D.; Supervision: A.D.; Project 

administration: M.A.; Funding acquisition: A.D., 

M.A. 

 



Research article                        Journal of Sports Physiology and Athletic Conditioning. 2022; 2 (3): 64-75 

74 
 

  

1. Bowers LD. Athletic drug testing. Clin Sports Med. 

1998 Apr;17(2):299-318. doi: 10.1016/s0278-

5919(05)70082-x. PMID: 9580843. 

2. Jenkins S. Winning, cheating have ancient roots. 

Washington post. 2007 Aug 3. 

3. Ramlan Abdul Aziz MD, History of doping, 

presented at the WADA Asia Education Symposium, Aug. 

29,2006. 

4. Calfee R, Fadale P. Popular ergogenic drugs and 

supplements in young athletes. Pediatrics. 2006 

Mar;117(3):e577-89. doi: 10.1542/peds.2005-1429. PMID: 

16510635. 

5. Nutrition Business Journal(2016). Supplement 

Business Report (2017). 

6. Zanchi NE, Gerlinger-Romero F, Guimarães-

Ferreira L, de Siqueira Filho MA, Felitti V, Lira FS, 

Seelaender M, Lancha AH Jr. HMB supplementation: clinical 

and athletic performance-related effects and mechanisms 

of action. Amino Acids. 2011 Apr;40(4):1015-25. doi: 

10.1007/s00726-010-0678-0. Epub 2010 Jul 6. PMID: 

20607321. 

7. Gallagher PM, Carrithers JA, Godard MP, Schulze 

KE, Trappe SW. Beta-hydroxy-beta-methylbutyrate 

ingestion, part II: effects on hematology, hepatic and renal 

function. Med Sci Sports Exerc. 2000 Dec;32(12):2116-9. 

doi: 10.1097/00005768-200012000-00023. PMID: 

11128860. 

8. Knitter AE, Panton L, Rathmacher JA, Petersen A, 

Sharp R. Effects of beta-hydroxy-beta-methylbutyrate on 

muscle damage after a prolonged run. J Appl Physiol 

(1985). 2000 Oct;89(4):1340-4. doi: 

10.1152/jappl.2000.89.4.1340. PMID: 11007567. 

9. Nissen S, Sharp R, Ray M, Rathmacher JA, Rice D, 

Fuller JC Jr, Connelly AS, Abumrad N. Effect of leucine 

metabolite beta-hydroxy-beta-methylbutyrate on muscle 

metabolism during resistance-exercise training. J Appl 

Physiol (1985). 1996 Nov;81(5):2095-104. doi: 

10.1152/jappl.1996.81.5.2095. PMID: 8941534. 

10. Wilson GJ, Wilson JM, Manninen AH. Effects of 

beta-hydroxy-beta-methylbutyrate (HMB) on exercise 

performance and body composition across varying levels 

of age, sex, and training experience: A review. Nutr Metab 

(Lond). 2008 Jan 3;5:1. doi: 10.1186/1743-7075-5-1. 

PMID: 18173841; PMCID: PMC2245953. 

 

 

11. Nissen S, Sharp RL, Panton L, Vukovich M, 

Trappe S, Fuller JC Jr. beta-hydroxy-beta-methylbutyrate 

(HMB) supplementation in humans is safe and may 

decrease cardiovascular risk factors. J Nutr. 2000 

Aug;130(8):1937-45. doi: 10.1093/jn/130.8.1937. PMID: 

10917905. 

12. Wilson JM, Fitschen PJ, Campbell B, Wilson GJ, 

Zanchi N, Taylor L, Wilborn C, Kalman DS, Stout JR, 

Hoffman JR, Ziegenfuss TN, Lopez HL, Kreider RB, Smith-

Ryan AE, Antonio J. International Society of Sports 

Nutrition Position Stand: beta-hydroxy-beta-

methylbutyrate (HMB). J Int Soc Sports Nutr. 2013 Feb 

2;10(1):6. doi: 10.1186/1550-2783-10-6. PMID: 

23374455; PMCID: PMC3568064. 

13. Daneshjoo A, Raeisi S. Effect of Eight Weeks 

Plyometric Training on Some Kinematic Parameters, 

Horizontal Jumping Power, Agility, and Body 

Composition in Elite Parkour Athletes. J Sport Biomech. 

2020; 6 (1) :54-65 

URL: http://biomechanics.iauh.ac.ir/article-1-217-

en.html 

14. Hochberg MC, Lethbridge-Cejku M, Scott WW Jr, 

Reichle R, Plato CC, Tobin JD. The association of body 

weight, body fatness and body fat distribution with 

osteoarthritis of the knee: data from the Baltimore 

Longitudinal Study of Aging. J Rheumatol. 1995 

Mar;22(3):488-93. PMID: 7783067. 

15. Wood R, "Illinois Agility Test." Topend Sports 

Website, 2008. 
https://www.topendsports.com/testing/tests/illinois.ht

m 

16. Wood R, "Standing Long Jump Test." Topend 

Sports Website, 2008. 
https://www.topendsports.com/testing/tests/longjump.

htm 

17. Ramírez-Campillo R, González-Jurado JA, 

Martínez C, Nakamura FY, Peñailillo L, Meylan CM, 

Caniuqueo A, Cañas-Jamet R, Moran J, Alonso-Martínez 

AM, Izquierdo M. Effects of plyometric training and 

creatine supplementation on maximal-intensity exercise 

and endurance in female soccer players. J Sci Med Sport. 

2016 Aug;19(8):682-7. doi: 

10.1016/j.jsams.2015.10.005. Epub 2015 Nov 6. PMID: 

26778661.. 

 

References 

http://biomechanics.iauh.ac.ir/article-1-217-en.html
http://biomechanics.iauh.ac.ir/article-1-217-en.html
https://www.topendsports.com/testing/tests/illinois.htm
https://www.topendsports.com/testing/tests/illinois.htm


Research article                        Journal of Sports Physiology and Athletic Conditioning. 2022; 2 (3): 64-75 

75 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18. Ozbar N, Ates S, Agopyan A. The effect of 8-

week plyometric training on leg power, jump and sprint 

performance in female soccer players. J Strength Cond 

Res. 2014 Oct;28(10):2888-94. doi: 

10.1519/JSC.0000000000000541. PMID: 24852255. 

19. Imani M. The effect of two types of 4-week 

resistance training and plyometric training programs 

on the performance of male football players aged 15 to 

17 years, MSc. Thesis in sport physiology, Available in 

www.ganj.irandoc.ac.ir, 2011. 

20. Grosprêtre S, Ufland P, Jecker D. The 

adaptation to standing long jump distance in parkour is 

performed by the modulation of specific variables prior 

and during take-off. Movement & Sport Sciences-

Science & Motricité. 2018(100):27-37. DOI: 

10.1051/sm/2017022 

21. Grosprêtre S, Lepers R. Performance 

characteristics of Parkour practitioners: Who are the 

traceurs? Eur J Sport Sci. 2016 Aug;16(5):526-35. doi: 

10.1080/17461391.2015.1060263. Epub 2015 Aug 12. 

PMID: 26267256. 

22. Chelly MS, Hermassi S, Aouadi R, Shephard RJ. 

Effects of 8-week in-season plyometric training on 

upper and lower limb performance of elite adolescent 

handball players. J Strength Cond Res. 2014 

May;28(5):1401-10. doi: 

10.1519/JSC.0000000000000279. PMID: 24149768. 

23. Durkalec-Michalski K, Jeszka J, Podgórski T. 

The Effect of a 12-Week Beta-hydroxy-beta-

methylbutyrate (HMB) Supplementation on Highly-

Trained Combat Sports Athletes: A Randomised, 

Double-Blind, Placebo-Controlled Crossover Study. 

Nutrients. 2017 Jul 14;9(7):753. doi: 

10.3390/nu9070753. PMID: 28708126; PMCID: 

PMC5537867. 

24. Miramonti AA, Stout JR, Fukuda DH, Robinson 

EH 4th, Wang R, La Monica MB, Hoffman JR. Effects of 4 

Weeks of High-Intensity Interval Training and β-

Hydroxy-β-Methylbutyric Free Acid Supplementation 

on the Onset of Neuromuscular Fatigue. J Strength Cond 

Res. 2016 Mar;30(3):626-34. doi: 

10.1519/JSC.0000000000001140. PMID: 26418369. 

 

25. O'Connor DM, Crowe MJ. Effects of beta-hydroxy-

beta-methylbutyrate and creatine monohydrate 

supplementation on the aerobic and anaerobic capacity of 

highly trained athletes. J Sports Med Phys Fitness. 2003 

Mar;43(1):64-8. PMID: 12629464. 

26. Pazuki D.M, Dietary supplements with an 

approach to sports performance and health, Hatmi (In 

Persian) ;1397. 

 

 


