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RESUMO 

O objetivo deste estudo foi investigar os efeitos da ingestão aguda de cafeína (5 mg.kg-1) no salto, força isométrica e 

desempenho de sprints repetidos em atletas amadores de futebol americano. Doze jogadores (24,6 6 ± 3.66 anos e 115,18 ± 

24.35 kg de peso corporal) ingeriram uma dose de cafeína (5 mg.kg−1) ou placebo 60 minutos antes de uma sessão de testes 

que consistia em: 1) Salto contramovimento (CMJ); 2) Meio-agachamento isométrico (IMTP); 3) Corrida de agilidade em L 

(3-line drill = corrida de agilidade de 200 jardas com 2 minutos de repouso entre os sprints). Duas sessões de teste foram 

realizadas usando um delineamento cruzado duplo-cego durante o período de pré-temporada de treinamento. Resultados 

indicaram: A ingestão de cafeína melhorou o desempenho do CMJ (p = 0,035), mas não foram observadas diferenças na força 

no IMTP (p = 0,22) e no desempenho do exercício de agilidade em L (tempo total: p = 0,65 e fadiga (%): p = 0,75) quando em 

comparação com a condição placebo. Conclusão: A ingestão aguda de cafeína melhorou o desempenho no salto, mas não na 

força isométrica e no desempenho de sprints repetidos com mudança de direção em atletas amadores de futebol Americano.   

Palavras-chave: Recursos ergogêncios. Desempenho. Sprints repetidos. Salto contramovimento.  

ABSTRACT 
The aim of this study was to investigate the effects of acute caffeine ingestion (5 mg.kg-1) on jump, isometric strength and 

repeated sprint performance in amateur American football athletes. Twelve players (24.6 ± 3.66 years and 115.18 ± 24.35 kg 

of body weight) ingested a dose of caffeine (5 mg.kg−1) or placebo 60 min prior to a testing session consisting of: 1) 

countermovement jump (CMJ); 2) isometric mid-tight pull (IMTP); and 3) 3-line drills (200-yd shuttle runs with a 2-minute 

rest between sprints). Two testing sessions were performed using a double-blind, counterbalanced, crossover design during a 

pre-season training camp. Results indicated: Caffeine ingestion improved CMJ performance (p = 0.035), but no differences 

were observed on IMTP strength (p = 0.22) and line drill performance (total time: p = 0.65, and fatigue (%): p = 0.75) when 

compared to placebo condition. Conclusion: Acute caffeine ingestion improved jump performance, but not isometric strength 

and repeated sprint with change-of-direction performance in amateur American Football athletes. 

Keywords: Ergogenic aids. Performance. Repeated sprints. Countermovement Jump.  

 

 

Introduction 

 

Caffeine – 1,2,3-trimethylxantine – is commonly found in drinks, foods and medicines 

and is also popularly consumed as a nutritional supplement. Studies dating from the 1970s 

demonstrated that acute caffeine ingestion could enhance e performance1. While most studies 

have focused on endurance-type exercise, in recent years the focus has shifted to investigate the 

effects of acute caffeine ingestion on high-intensity and intermittent exercise performance2. For 

example, Wellington et al3 demonstrated that caffeine ingestion (300 mg) resulted in improved 

performance during repeated high-intensity sprints in semiprofessional rugby league athletes. 

Similarly, Glaister et al4 demonstrated that the ingestion of caffeine (5 mg/kg) before repeated 

6-s sprints on a cycle-ergometer resulted in higher maximal power output in the caffeine 

condition compared to placebo in trained men. A meta-analysis published  by Salinero et al5 

assessed the effects of caffeine on team sports performance. The authors found that acute 

caffeine ingestion increased single and repeated jump performance, repeated sprint velocity, 

and agility, with small but significant magnitudes when compared to placebo. 
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American football is the United States’ most popular sport and is growing in popularity 

with amateur leagues in South America, Europe, and Asia. The game is comprised of repeated 

short and maximum-intensity bouts during four 15-minutes quarters6. American football is a 

demanding sport that places significant physiological and physical demands on its players. 

Physiologically, athletes engaged in football must possess cardiovascular endurance to sustain 

the intensity of the game, as matches consist of short bursts of high-intensity activity 

interspersed with periods of rest. For example, Iosia and Bishop7 analysed games from the first 

division of collegiate American football in the United States and found that the plays, on 

average, lasted 5.23 seconds, while the rest periods between plays were on average 46.9 

seconds. Similarly, in the National Football League (the USA professional American Football 

league), average play is reported to be 5.0 seconds in duration, with 26.9 to 36.4 seconds of rest 

interval between plays8. Such results emphasize the intermittent nature of the sport. Regarding 

the predominant energy systems, it is emphasized the significant contribution of anaerobic 

systems (i.e., PCr and glycolytic systems) to ATP regeneration9. As for the components of 

fitness required for the sport, muscular strength and power are crucial for executing explosive 

movements such as sprinting, tackling, and blocking, as well as speed and agility to navigate 

the dynamic and unpredictable nature of the game6. Physically, American football requires 

athletes to be of diverse body types, with linemen typically possessing greater size and strength, 

while positions like wide receivers and cornerbacks prioritize speed and agility9.  

Although caffeine supplementation has been extensively studied in team sports such as 

soccer and rugby5, the effects of caffeine on physical performance in American football players 

has received less attention. For example, it has already been observed that in soccer athletes 

caffeine can be used to improve performance in jumping, sprinting and distance covered during 

the match10. In Rugby athletes, improved performance was observed in the countermovement 

jump and in the Yo-Yo IR-2 test and a reduction in the fatigue index during the repeated sprint 

test11.  Therefore, considering the scarcity of studies on American football players and caffeine 

supplementation, this study aimed to investigate the effect of acute caffeine supplementation (5 

mg.kg-1) on jumping, isometric strength and repeated sprint performance in amateur American 

football athletes. Given the ergogenic effects of caffeine on anaerobic tasks, we hypothesize 

that caffeine ingestion will result in improved performance. 

 

Materials and Methods 

 

Participants  

Twelve male amateur American football athletes (3 defensive linemen, 6 offensive 

linemen, 1 running back and 1 wide receiver) with an average age of 24.6 ± 3.66  and 115.18 ± 

24.35 kg/bw  participated in the study. Athletes have a practical experience of 12.5 ± 3.48 years 

and competing in the Brazilian National Championship (BFA and CBFA first division leagues).  

To reduce the variability of individual response to caffeine due to habitual caffeine 

consumption, only participants with a daily intake of less than 250 mg.d-1 were selected. 

Average daily consumption was assessed using a questionnaire as proposed by Maughan12. This 

study was approved by the Human Research Ethics Committee (protocol number 

55993816.6.0000.5542) and complies with the 1964 Declaration of Helsinki. 

 

Protocol   

 This study used a within-subjects, double-blinded crossover design. The investigation 

aimed to examine the effect of acute caffeine ingestion on vertical jump performance, isometric 

strength, and repeated sprints with change-of-direction. The study was carried out on 3 alternate 

days. On the first day, participants received detailed information about the study and completed 

the testing protocol for familiarization.  On the second and third days (with an interval of 48 
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hours) participants performed the same test protocol but under two different supplementation 

conditions: caffeine (5 mg.kg−1 diluted in 400 mL of flavored solution) or placebo (400 mL of 

flavored solution). The drink was ingested 60 minutes before the test protocol. Participants were 

instructed to maintain the same eating pattern on the two test days but avoid drinks and 

supplements that contained caffeine. The experimental design is illustrated in Figure 1. 

 

 

 

Figure 1. Experimental design used in the study. Caffeine or placebo were ingested in two 

separate days in a randomised and crossover manner with double-blinded design. 

CMJ: countermovement jump; IMTP: isometric mid-tigh pull.  

Source: authors 

 

Lower-limb power performance was assessed with the countermovement jump (CMJ). 

Participants were directed to start by placing their hands on their hips, squatting to a depth they 

chose, and then jumping as high as they could. They made two attempts aof the CMJ, with a 

15-second rest between each trial. The average height of the two jumps was recorded. Jump 

height was determined by measuring flight time using a jump mat (Jump system, CEFISE, 

Brazil).  

The isometric mid-tight pull (IMTP) was utilised as a measure of lower body strength. 

The IMTP was performed using a portable force transducer (PowerDin, CEFISE, Brazil). 

Subjects performed the IMTP on a bar attached to the force transducer with their shoulders 

placed over the bar in a position similar to that of the second pull of a power clean13. Participants 

performed two IMTP trials with 5 minutes of recovery between each trial and were instructed 

to pull as “fast and hard” as possible for 5 seconds and received loud verbal encouragement. 

Each participant’s best trial, as determined by the highest peak force, was selected for analysis. 

Participants wore the same footwear for each testing session. 

Participants also performed a line drill consisting of sprinting with 180 degrees change 

of direction. As described by Hoffman et al14, subjects sprinted forward from a two point stance 

to the 10-yd (9.1 m) and back to initial line, than to the 20-yd line (18.3 m) and back, to the 30-

yd line (27.4 m) and back, and then to the 40-yd line (36.6 m) and back. The total distance was 

200 yd (182.9 m). Participants performed 3 sets of the line drill with 2 minutes of rest between 

each set. The sprint time of each set, the total sprint time and the fatigue rate (the percentage 

decline from the first to the last sprint) were determined. For time measurement, a photocell 

timing gate system was used (Speed Test, CEFISE, Brazil).  

 

Statistical Analysis   

Sprint times during the three sets of line drill were assessed using a 2-way repeated measures 

analysis of variance (ANOVA).  Bonferroni post hoc analysis was used when a main and/or 

interaction effect was found.Total sprint time and fatigue rate during the line drill, CMJ height 

and IMTP strength were analysed using paired sample t-tests for each variable. A p-value of 

0.05 was used to establish statistical significance.  Cohen’s d was calculated as following: 

(MeanCM - MeanPlacebo) / SDPooled. Partial eta square (partial η2) was calculated using the 

following equation: Sum of squares / (Sum of squares + Residual error). The statistical software 
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GraphPad Prism version 8.2.1 (GraphPad Software, Inc., San Diego, CA, USA) was used for 

all analysis. 

 

 

Results 

 

Caffeine ingestion resulted in improved CMJ performance (placebo: 27.96 ± 5.5 cm; 

caffeine: 29.83 ± 6.7 cm; p = 0.035, Cohen’s d = 0.30; Figure 2A). On the other hand, the 

maximal isometric strength during the IMTP was not different between caffeine and placebo 

conditions (placebo: 203.9 ± 12.71 kgf; caffeine: 206.4 ± 10.25 kgf; p = 0.22, Cohen’s d = 0,26; 

Figure 2B). 

 
Figure 2. Tests: (A) CMJ height. (B) Maximal IMTP strength. * P = 0.035. 
Source: authors 

 

Caffeine supplementation did not improve performance during three sets of the 200m 

line drill when compared to placebo. Sprint time increased from the first to third set in both 

conditions (set main effect: p < 0.001, partial  η2 = 0.78; caffeine main effect: p = 0.65, partial  

η2 = 0.02; interaction: p = 0.80, partial  η2 = 0.02; Figure 3A). When total time to complete the 

drills and the fatigue rate were analysed, there were also no differences observed between 

conditions (placebo: 156.6 ± 22.0 sec; caffeine: 154.8 ± 25.85 sec; p = 0.65; Cohen’s d = 0.07; 

and placebo: 20.99 ± 12.77%; caffeine: 19.30 ± 12.98%; p = 0.77; Cohen’s d = 0.13; Figures 

3B and 3C, respectively). 

 

Figure 3: (A) Performance times on three sets of the line drill in placebo and caffeine 

conditions. a = p < 0.05 vs drill set 1; b = p < 0.05 vs drill set 2; (B) total time of 

three sets of the line drill; and (C) fatigue index during the line drill. 
Source: authors 
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Discussion 

 

The current study investigated whether acute caffeine ingestion enhances vertical jump, 

isometric mid-tight pull and repeated sprint performance in amateur American football players. 

The results suggest that caffeine can promote an increase in CMJ performance, but no effect on 

IMTP or repeated sprint ability.  

A meta-analysis has demonstrated that in team sports athletes, caffeine ingestion can 

result in increased vertical jump height (effect size = 0.19)5. In the present study, acute caffeine 

supplementation led to an average increase of 6.7% in jump height when compared to placebo 

condition. Sabol et al15 tested three doses of caffeine (2, 4 and 6 mg.kg-1) in active men and 

found that all doses promoted an increase from 3.7 to 4.1%. Similarly, Bloms et al16 found an 

increase of 4.1% in CMJ height after the ingestion of 5 mg.kg-1 of caffeine in collegiate athletes.  

Muscular power and rate of force development seems to be one of the major predictive qualities 

for success among high-performance athletes17-19. In sports that involve fast movements, 

changes in direction, jumps, throws and kicks, such as American Football, muscular power 

positively affects the execution of these motor actions20.  

The IMTP is a safe and time-efficient maximal strength test13, and has been associated 

with jump, sprint, and agility ability in athletes21,22. Previous investigations have reported 

positive effects of caffeine on isometric or isokinetic maximal voluntary contraction (MVC), 

as evidenced by the meta-analysis published by Warren et al23. When a sub-analysis was 

performed assessing the type of contraction, isometric MVC presented a higher effect size 

(0.37), compared to isokinetic MVC (0.2) and isotonic contraction (0.16). Contrary to these 

results, no differences were observed between the caffeine and placebo conditions on the IMTP 

in this study. Similarly, performance during the 200 m line drill was not improved in response 

to caffeine ingestion. The line drill used in this study, and previously by Hoffman et al14, 

involves acceleration, deacceleration and a 180 degrees change of direction in a repeated 

manner. Previous work investigating the effects of acute caffeine ingestion on repeated 

sprinting ability, with or without change of direction, have reported equivocal results. For 

example, Pontifex et al24 demonstrated that caffeine ingestion (6 mg.d-1) improved repeated 

sprint moderately-trained male athletes, corroborating data from Carr et al25 with team-sport 

players. On the other hand, others have failed to find positive effects of caffeine in repeated 

sprints performance in team-sports athletes26-28. Based on the current and previous data, it 

cannot be concluded that acute caffeine ingestion is effective to improve sprint performance in 

team-sports players. The diverging results may be explained by gender, age and training status 

differences among participants. 

 A further evaluation of the individual values in placebo and caffeine conditions 

demonstrated a variability in the effect of caffeine on performance. For example, for CMJ, eight 

participants (66.6%) improved jump performance by more than 3%. However, two participants 

exhibited reduced performance in CMJ (detriment of more than 6%) in caffeine condition and 

another two did not present any meaningful differences between conditions. The existence of 

responders and non-responders to caffeine may can be explained by the presence of 

polymorphisms as in the CYP1A2 gene. For example, Guest et al29 tested the effects of two 

caffeine doses (2 and 4 mg.kg-1) and placebo (no caffeine) in 101 competitive male athletes and 

measured polymorphisms in the CYP1A2 gene. They found that the ingestion of 4 mg.kg-1 of 

caffeine resulted in a mean improvement of 4% in the cycling time. However, when the 

participants were divided according to their genotypes the authors found that the performance 

was improved by 4.8% in those with the AA genotype, with no significant effects on the 

participants with the AC genotype and worsened by 13.7% in the CC genotype after the higher 

dose of caffeine. It is possible that differences in the effects of caffeine ingestion between 

participants could be explained by variations on the CYP1A2 or other genes related to caffeine 
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metabolism and action. However, is important to note that other studies have found no relation 

of CYP1A2 gene polymorphisms and effects of caffeine on performance30,31.   

 

Conclusion 

 

The aim of this study was to investigate the effects of acute caffeine ingestion (5 

mg.kg-1) on jump, isometric strength and repeated sprint performance in amateur American 

football athletes. Acute caffeine ingestion resulted in improved CMJ performance, with no 

effects on IMTP strength and performance during a 200 m line drill consisted of repeated 

sprints with change-of-direction. Caffeine has been used as an ergogenic aid to improve 

performance in team sports5 and enhance strength and power 2,23, but it is not known 

whether this positive effect also extends to the physical performance of American football 

athletes. Therefore, this study contributes to the literature indicating that caffeine ingestion 

can be a safe, practical and legal strategy to improve jump performance, which can be 

important, especially to receivers and defensive backs in American football. In the present 

study caffeine did not improve isometric strength and repeated sprint ability, the individual 

athlete responses should be considered as data suggested a considerably inter-individual 

variability. For athletes from the National Collegiate Athletic Association (NCAA), a 

precaution is needed, as caffeine is considered a controlled substance, with maximal urinary 

caffeine concentration of 15 ug/mL being permitted.   

 

References 

 
1. Costill DL, Dalsky GP, Fink WJ. Effects of caffeine ingestion on metabolism and exercise performance. 

Med Sci Sports 1978;10(3):155–8. DOI:10.1080/02640410500249399  
2. Davis JK, Green JM. Caffeine and anaerobic performance: ergogenic value and mechanisms of action. 

Sports Med 2009;39(10):813–32. DOI:10.2165/11317770-000000000-00000 

3. Wellington BM, Leveritt MD, Kelly VG. The effect of caffeine on repeat-high-intensity-effort performance 

in rugby league players. Int J Sports Physiol Perform 2017;12(2):206–10. DOI:10.1123/ijspp.2015-0689 

4.  Glaister M, Muniz-Pumares D, Patterson SD, Foley P, McInnes G. Caffeine supplementation and peak 

anaerobic power output. Eur J Sport Sci 2015;15(5):400–6. DOI: 10.1080/17461391.2014.962619 

5.  Salinero JJ, Lara B, Del Coso J. Effects of acute ingestion of caffeine on team sports performance: a 

systematic review and meta-analysis. Res Sports Med 2018;1–19. DOI: 10.1080/15438627.2018.1552146 

6.  Hoffman JR. The applied physiology of American football. Int J Sports Physiol Perform 2008;3(3):387–92. 

DOI: 10.1123/ijspp.3.3.387 

7.   Iosia MF, Bishop PA. Analysis of exercise-to-rest ratios during division IA televised football competition. J 

Strength Cond Res. 2008;22(2):332-40. DOI: 10.1519/JSC.0b013e31816607b0 

8.    Plisk S, Gambetta V. Tactical metabolic training, part I. Strength Cond. 1997;19(2):44–53. 

9.   Pincivero DM, Bompa TO. A physiological review of American football. Sports Med. 1997 Apr;23(4):247-

60. DOI: 10.2165/00007256-199723040-00004 

10. Mielgo-Ayuso J, Calleja-Gonzalez J, Del Coso J, Urdampilleta A, León-Guereño P, Fernández-Lázaro D. 

Caffeine supplementation and physical performance, muscle damage and perception of fatigue in soccer 

players: a systematic review. Nutrients. 2019 Feb 20;11(2):440. DOI: 10.3390/nu11020440 

11. Ranchordas MK, Pratt H, Parsons M, Parry A, Boyd C, Lynn A. Effect of caffeinated gum on a battery of 

rugby-specific tests in trained university-standard male rugby union players. J Int Soc Sports Nutr. 2019 Apr 

11;16(1):17. DOI: 10.1186/s12970-019-0286-7 

12. Maughan RJ. Nutritional ergogenic aids and exercise performance. Nutr Res Rev 1999;12(2):255–80. DOI: 
10.1079/095442299108728956 

13. Comfort P, Dos’Santos T, Beckham G, Stone M, Guppy S, Haff G. Standardization and methodological 

considerations for the isometric midthigh pull. Strength Cond J 2018;41:1. DOI: 
10.1519/SSC.0000000000000433 

14.  Hoffman JR, Ratamess NA, Faigenbaum AD, Ross R, Kang J, Stout JR, et al. Short-duration beta-alanine 

supplementation increases training volume and reduces subjective feelings of fatigue in college football 

players. Nutr Res 2008;28(1):31–5. DOI: 10.1016/j.nutres.2007.11.004 



Caffeine and performance in amateur American football athletes  

 J. Phys. Educ. v. 35, e3501, 2024. 

Page 7 of 7 

15.  Sabol F, Grgic J, Mikulic P. The effects of 3 different doses of caffeine on jumping and throwing 

performance: A randomized, double-blind, crossover study. Int J Sports Physiol Perform 2019;1170–7. DOI: 
10.1123/ijspp.2018-0884  

16.  Bloms LP, Fitzgerald JS, Short MW, Whitehead JR. The effects of caffeine on vertical jump height and 

execution in collegiate athletes. J Strength Cond Res 2016;30(7):1855–61. DOI: 

10.1519/JSC.0000000000001280  

17.  Loturco I, Nakamura FY, Kobal R, Gil S, Abad CCC, Cuniyochi R, et al. Training for power and speed: 

effects of increasing or decreasing jump squat velocity in elite young soccer players. J Strength Cond Res 

2015;29(10):2771–9. DOI: 10.1519/JSC.0000000000000951  

18.  Loturco I, Pereira LA, Cal Abad CC, DʼAngelo RA, Fernandes V, Kitamura K, et al. Vertical and horizontal 

jump tests are strongly associated with competitive performance in 100-m dash events. J Strength Cond Res 

2015;29(7):1966–71 DOI: 10.1519/JSC.0000000000000849 

19.  Meylan C, Malatesta D. Effects of in-season plyometric training within soccer practice on explosive actions 

of young players. J Strength Cond Res 2009;23(9):2605–13 DOI: 10.1519/JSC.0b013e3181b1f330 

20.  Cronin J, Sleivert G. Challenges in understanding the influence of maximal power training on improving 

athletic performance. Sports Med 2005;35(3):213–34. DOI: 10.2165/00007256-200535030-00003 

21.  Kawamori N, Rossi SJ, Justice BD, Haff EE, Pistilli EE, O’Bryant HS, et al. Peak force and rate of force 

development during isometric and dynamic mid-thigh clean pulls performed at various intensities. J Strength 

Cond Res 2006;20(3):483–91 DOI: 10.1519/18025.1 

22.  Wang R, Hoffman JR, Tanigawa S, Miramonti AA, La Monica MB, Beyer KS, et al. Isometric Mid-Thigh 

Pull Correlates With Strength, Sprint, and Agility Performance in Collegiate Rugby Union Players. The 

Journal of Strength & Conditioning Research 2016;30(11):3051–6. DOI: 10.1519/JSC.0000000000001416  

23.  Warren GL, Park ND, Maresca RD, McKibans KI, Millard-Stafford ML. Effect of caffeine ingestion on 

muscular strength and endurance: a meta-analysis. Med Sci Sports Exerc 2010;42(7):1375–87. DOI: 
10.1249/MSS.0b013e3181cabbd8 

24.  Pontifex KJ, Wallman KE, Dawson BT, Goodman C. Effects of caffeine on repeated sprint ability, reactive 

agility time, sleep and next day performance. J Sports Med Phys Fitness 2010;50(4):455–64. PMID: 

21178933   

25.  Carr A, Dawson B, Schneiker K, Goodman C, Lay B. Effect of caffeine supplementation on repeated sprint 

running performance. J Sports Med Phys Fitness 2008;48(4):472–8. PMID: 18997650  

26.  Fernandes-da-Silva J, Castagna C, Teixeira AS, Carminatti LJ, Guglielmo LGA. The peak velocity derived 

from the Carminatti Test is related to physical match performance in young soccer players. J Sports Sci 

2016;34(24):2238–45. DOI: 10.1080/02640414.2016.1209307 

27.  Lara B, Gonzalez-Millán C, Salinero JJ, Abian-Vicen J, Areces F, Barbero-Alvarez JC, et al. Caffeine-

containing energy drink improves physical performance in female soccer players. Amino Acids 

2014;46(5):1385–92. DOI: 10.1007/s00726-014-1709-z 

28.  Puente C, Abián-Vicén J, Salinero JJ, Lara B, Areces F, Del Coso J. Caffeine improves basketball 

performance in experienced basketball players. Nutrients 2017;9(9). DOI: 10.3390/nu9091033 

29.  Guest N, Corey P, Vescovi J, El-Sohemy A. Caffeine, CYP1A2 Genotype, and endurance performance in 

athletes. Med Sci Sports Exerc 2018;50(8):1570–8. DOI: 10.1249/MSS.0000000000001596 

30.  Puente C, Abián-Vicén J, Del Coso J, Lara B, Salinero JJ. The CYP1A2 -163C>A polymorphism does not 

alter the effects of caffeine on basketball performance. PLoS ONE 2018;13(4):e0195943. DOI: 
10.1371/journal.pone.0195943 

31.  Salinero JJ, Lara B, Ruiz-Vicente D, Areces F, Puente-Torres C, Gallo-Salazar C, et al. CYP1A2 genotype 

variations do not modify the benefits and drawbacks of caffeine during exercise: A pilot study. Nutrients 

2017;9(3). DOI: 10.3390/nu9030269 

 

ORCID 

Felipe M. Carvalho: https://orcid.org/0009-0009-1132-5824 

Mauro A. Guerra Jr: https://orcid.org/0000-0001-5291-7804 

Adriano F. Maia: https://orcid.org/0000-0003-1880-3998 

Lucas Guimarães-Ferreira: https://orcid.org/0000-0002-2970-7355 

Leonardo C. Caldas: https://orcid.org/0000-0001-8936-1061 

Editor: Moacir Marocolo 

 Received on Oct 30, 2023. 

Reviewed on Feb 02, 2024. 

Accepted on Feb 05, 2024. 
 

Corresponding author: Leonardo C. Caldas, e-mail: leocaldas03@gmail.com 


