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Abstract 

Football is a dynamic team sport that requires intermittent effort levels from low to high 

intensities, indicated by a substantial volume of motor actions and unpredictable movement 

patterns. In football, physical performance is reflected in the quality of play and skill, while 

functional movement influences technique and prevents sports injuries. 

The purpose of this work was to evaluate the effects of an eight-week combined  

RE program integrating self-loading, balance, and plyometric on anaerobic and balance 

performance in well-trained young male football players aged 14-16 years competing at 

regional and national levels. The study was conducted in the Riga region, Latvia, from 2022 to 

2024. 

In the first and second studies, we conducted a pilot to analyse 1) anaerobic and balance 

performance based on playing position, and 2) detection of asymmetry between the dominant 

(D) and non-dominant (ND) leg. 43 players (age = 15.81 ± 1.33 years, height 

(H) = 179.50 ± 6.14 cm, and body mass (BM) = 69.73 ± 9.35 kg) participated. They had more 

than five years of football experience, 7–8 hours of regular training per week, and competed 

regularly. The players were classified into 4 groups: Goalkeeper (GK) (N: 5, H: 185.42 ± 2.20 

cm, BM: 76.20 ± 9.85 kg), Defenders (DEF) (N: 12, H: 182.48 ± 2.20 cm, BM: 73.70 ± 4.73 

kg), Midfielders (MD) (N: 20, H: 174.89 ± 5.03 cm, BM: 63.77 ± 6.92 kg), and Forwards (F) 

(N: 6, H: 184.0 ± 3.69 cm, BM: 75.28 ± 12.25 kg). 

1) a significant difference in peak power output (PPO) was observed across playing 

positions (p = 0.018, η² = 0.226), where F significantly greater in power output compared to 

MD (p = 0.03). Vertical jump characteristics, including jump height, flight time, and peak force, 

showed no significant differences across playing positions (p = 0.11–0.31). Average  

medial-lateral speed (AMLS) showed significant differences between ND (p = 0.025, 

η² = 0.211) and D leg (p = 0.033, η² = 0.198) based on the players’ positions. AMLS showed 

statistically significant better results (slower movement speed) in GK compared to F in their 

ND (p = 0.022) and D leg (p = 0.040). However, other parameters of static and dynamic balance 

showed no statistical significance in the D/ND leg for 30s one-leg stance across groups. 

2) no significant differences were found between the D and ND leg in all parameters of 

static balance, p = 0.33–0.72. Similarly, dynamic balance results revealed no significant 

differences between the D and ND legs for the parameters: total stability index (TSI) (p = 0.736) 

and total trunk deviation (TTD) (p = 0.789). In addition, no correlation was found between 

static and dynamic balance tests, although minor links existed between TTD and EA (r = 0.332; 

p = 0.03), TTD and MLD (r = 0.335; p = 0.02), and TTD and TD (r = 0.423; p = 0.01).  
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In the third and fourth studies, we evaluated the effect of various RE on 3) anaerobic 

and 4) balance performance, ankle mobility, and explosive strength. 30 young players were 

randomly allocated to an intervention (IG) and a control (CG) group. The IG (N: 15, age: 

15.8 ± 1.7 years, BM: 67.8 ± 11.9 kg, H: 177.2 ± 5.9 cm), and CG (N: 15, age: 15.7 ± 0.6 years, 

BM: 69.6 ± 4.8 kg, H: 180.3 ± 5.6 cm). 

3) both groups demonstrated significant improvements in PPO during the Wingate 

Anaerobic test (WAnT) and six-second peak power output test (6 PPO), with percentage change 

ranging from 12–31 % (p = 0.000–0.02; d = 0.97–1.5). Absolute mean power (MP) 

significantly increased IG (21.8 %, p = 0.001) and CG (11.8 %, p = 0.01). However, no 

statistically significant improvement was observed in the fatigue index (FI) of participants from 

both groups.  

4) IG significantly improved static and dynamic balance by −12 to −30 %  

(p = 0.001–0.04, d = 0.57–1.14), active ankle ROM in PF and DF by 12–32 % (p = 0.001–0.02, 

d = 1.05–1.19), isometric shin muscle force, torque and relative in PF and DF by 10–24 % 

(p = 0.001–0.03, d = 0.48–1.31), and jump performance by 6–14 % (p = 0.004–0.01, 

 d = 0.82–1.27). No significant changes were observed in the CG, except for peak and relative 

torque DF by 10–19 % (p = 0.01–0.02, d = 0.55–0.91), peak force DF in the dominant leg by 

11 % (p = 0.04, d = 0.71) and jump height by 5 % (p = 0.008, d = 0.82). The statistically 

significant interactions between groups in all balance variables, ankle ROM, and ankle force of 

PF in the dominant leg, peak force and torque of DF in the dominant leg were calculated using 

ANCOVA analysis. 

Based on research findings, variation in peak power output was revealed among player 

positions but not for jump and balance performance. Regularly monitoring physical fitness and 

functional movement is essential to ensure young players reach their peak performance and 

prevent injuries. The implementation of resistance exercises with progression, regularity, 

overload, and supervision is appropriate for young players to enhance their anaerobic and 

balance performance. Therefore, RE should be included in regular training for young footballers 

to improve physical fitness and functional mobility. 

Keywords: resistance exercise, plyometric, self-loading training, balance training, peak 

power output, static and dynamic balance, ankle range of movement, shin muscle peak 

isometric force and torque, explosive strength. 
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Anotācija 

Intensīvu pretestības 

vingrinājumu ietekmes uz 

jauno futbolistu anaerobajām 

darbspējām un līdzsvaru 

novērtējums 

Futbols ir dinamisks komandu sporta veids, kur spēles laikā ir mainīga fiziskās slodzes 

intensitāte: no zemas līdz augstai. To raksturo liela kustību daudzveidība un neprognozējami 

kustību modeļi. Futbolā fiziskā sagatavotība atspoguļojas spēles un prasmju kvalitātē, savukārt, 

laba koordinācija un pareiza sporta kustību tehnika palīdz novērst sporta traumas. 

Šī pētījuma mērķis bija novērtēt intensīvu pretestības vingrinājumu (PV) ietekmi uz 

anaerobo jaudu un līdzsvara spējām jaunajiem futbolistiem. Pētījums tika veikts no 2022. līdz 

2024. gadam Rīgas reģionā, Latvijā. 

Pirmajā un otrajā pētījuma posmā tika veikts pilotpētījums ar mērķi analizēt: 

1) anaerobo darbspēju un līdzsvara atšķirības atkarībā no spēlētāja pozīcijas; 2) dominējošās 

(D) un nedominējošās (ND) kājas asimetrijas noteikšanu. Pētījumā piedalījās 43 spēlētāji 

(vidējais vecums bija 15,81 ± 1,33 gadi, auguma garums (A) – 179,50 ± 6,14 cm, ķermeņa masa 

(ĶM) = 69,73 ± 9,35 kg), viņiem bija vairāk nekā piecu gadu futbola treniņu pieredze, spēlētāji 

trenējās 7–8 stundas nedēļā un regulāri piedalījās sacensībās. Spēlētāji tika sadalīti četrās 

grupās: vārtsargi (GK) (N: 5, A: 185,42 ± 2,20 cm, ĶM: 76,20 ± 9,85 kg), aizsargi (DEF) (N: 

12, A: 182,48 ± 2,20 cm, ĶM: 73,70 ± 4,73 kg), pussargi (MD) (N: 20, A: 174,89 ± 5,03 cm, 

ĶM: 63,77 ± 6,92 kg) un uzbrucēji (F) (N: 6, A: 184,00 ± 3,69 cm, ĶM: 75,28 ± 12,25 kg). 

1) maksimālajā anaerobajā jaudā (PPO) tika konstatētas statistiski ticamas atšķirības 

starp spēlētāju pozīcijām (p = 0,018, η² = 0,226), kur uzbrucējiem (F) bija būtiski lielāka 

maksimālā jauda salīdzinājumā ar pussargiem (MD) (p = 0,03). Vertikālā lēciena raksturlielumi 

(maksimālais lēciena augstums, lidojuma fāzes laiks un maksimālais spēks) būtiski neatšķīrās 

starp spēlētāju pozīcijām (p = 0,11–0,31). Statiskā līdzsvara raksturlielums stāvot uz vienas 

kājas: vidējais ķermeņa spiediena centra novirzes ātrums mediolaterālā virzienā (AMLS) 

statistiski ticami atšķīrās stāvot uz nedominējošās (ND) kāju (p = 0,025, η² = 0,211) un 

dominējošās (D) kājas (p = 0,033, η² = 0,198) dažādu pozīciju futbolistiem. AMLS rādītāji bija 

ticami labāki (lēnāks AMLS) vārtsargiem (GK) nekā uzbrucējiem (F) gan ND kājā (p = 0,022), 

gan D kājā (p = 0,040). Tomēr citi statiskā un dinamiskā līdzsvara raksturlielumi statistiski 

ticami neatšķīrās starp D un ND kāju 30 sekunžu testā stāvot uz vienas kājas starp spēlētāju 

pozīcijām. 

2) starp dominējošās (D) un nedominējošās (ND) kājas statiskā līdzsvara 

raksturlielumiem netika konstatētas statistiski ticamas atšķirības (p = 0,33–0,72). Līdzīgi arī 
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dinamiskā līdzsvara rezultāti neuzrādīja ticamas atšķirības starp D un ND kāju šādos 

parametros: kopējais stabilitātes indekss (TSI) (p = 0,736) un kopējais ķermeņa augšdaļas 

novirzes leņķis (TTD) (p = 0,789). Papildus tam, netika noteikta statistiski ticama korelācija 

starp statiskā un dinamiskā līdzsvara testu rezultātiem, lai gan tika novērotas ticamas vidēji 

ciešas sakarības starp dinamiskā līdzsvara TTD un statiskā līdzsvara kopējo svārstību laukumu 

(EA) (r = 0332, p = 0,03), TTD un statiskā līdzsvara vidējo ķermeņa spiediena centra novirzes 

ātrumu mediolaterālā virzienā AMLD (r = 0,335; p = 0,02), kā arī TTD un statiskā līdzsvara 

ķermeņa novirzes leņķi TD (r = 0,423, p = 0,01). 

Trešajā un ceturtajā pētījumā tika novērtēta dažādu pretestības un līdzsvara 

vingrinājumu (PV) ietekme uz: 3) anaerobo jaudu un 4) statisko un dinamisko līdzsvaru, 

apakšstilba muskuļu maksimālo izometrisko spēku, pēdas locītavas kustību amplitūdu un 

eksplozīvo spēku vertikālajā lēcienā. 

30 jaunie futbolisti tika sadalīti divās grupās pēc nejaušības principa, intervences grupā 

(IG) un kontroles grupā (CG). IG sastāvēja no 15 dalībniekiem (vecums: 15,8 ± 1,7 gadi, 

ķermeņa masa (ĶM): 67,8 ± 11,9 kg, auguma garums (A): 177,2 ± 5,9 cm), savukārt, CG 

veidoja 15 dalībnieki (vecums: 15,7 ± 0.6 gadi, ĶM: 69,6 ± 4,8 kg, A: 180,3 ± 5,6 cm). 

3) abās dalībnieku grupās tika novērots statistiski ticams anaerobās jaudas (PPO) 

palielinājums Vingeita 30 sekunžu anaerobās slodzes testā (WAnT) un sešu sekunžu 

maksimālās anaerobās jaudas testā (6 PPO) uz veloergometra, ar procentuālo uzlabojumu 

robežās no 12 % līdz 31 % (p = 0,000–0,02, d = 0,97–1,5). Absolūtā vidējā jauda (MP) būtiski 

palielinājās gan intervences grupā (IG) (pieaugums par 21,8 %, p = 0,001), gan kontroles grupā 

(CG) (pieaugums par 11.8 %, p = 0,01). Tomēr noguruma indeksa (FI) rādītājos abās grupās 

netika konstatētas statistiski ticamas izmaiņas.  

4) intervences grupā (IG) tika novērots statiskā un dinamiskā līdzsvarā statistiski ticams 

uzlabojums par −12 līdz −30 % (p = 0,001–0,04, d = 0,57–1,14), palielinājums aktīvajā pēdas 

kustības amplitūdā plantārās fleksijas (PF) un dorsālās fleksijas (DF) virzienā par 12–32 % 

(p = 0,001–0,02, d = 1,05–1,19), maksimālajā izometriskajā apakšstilba muskuļu spēkā, 

absolūtajā un relatīvajā griezes momentā par 6–14 % (p = 0,004–0,01, d = 0,82–1,27). 

Kontroles grupā (CG) netika konstatētas ticamas izmaiņas, izņemot maksimālo un relatīvo DF 

griezes momenta pieaugumu par 10–19 % (p = 0,01–0,02, d = 0,55–0,91), DF maksimālā spēka 

palielinājumu dominējošajā kājā par 11 % (p = 0,04, d = 0,71) un vertikālā lēciena augstuma 

palielinājumu par 5 % (p = 0,008, d = 0,82). Statistiski ticamas atšķirības starp grupām tika 

noteiktas visos līdzsvara raksturlielumos, pēdas locītavas kustību amplitūdā, PF muskuļu spēkā 

dominējošajā kājā, kā arī DF muskuļu maksimālajā spēkā un griezes momentā dominējošajā 

kājā, kas tika noteikts, izmantojot ANCOVA analīzi. 
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Pamatojoties uz pētījuma rezultātiem, tika konstatētas ticamas atšķirības maksimālajā 

anaerobajā jaudā starp spēlētāju pozīcijām, taču netika novērotas ticamas atšķirības vertikālo 

lēcienu un līdzsvara raksturlielumos. Regulāra fiziskās sagatavotības, koordinācijas un kustību 

tehnikas uzraudzība ir svarīga, lai nodrošinātu jauno futbolistu snieguma uzlabojumu un 

samazinātu traumu risku. Pretestības vingrinājumu iekļaušana ar atbilstošu slodzes intensitātes 

un apjoma progresiju, regularitāti un uzraudzību ir pareiza pieeja, lai uzlabotu anaerobo jaudu 

un līdzsvara spējas jaunajiem futbolistiem. Pretestības un līdzsvara vingrinājumi ir jāiekļauj 

ikdienas treniņu programmās, lai veicinātu fizisko sagatavotību un uzlabotu koordinācijas 

spējas un sporta kustību tehniku. 

Atslēgvārdi: pretestības vingrinājumi, pliometrija, pretestības treniņi ar savu ķermeņa 

masu, līdzsvara vingrinājumi, maksimālā anaerobā jauda, statiskais un dinamiskais līdzsvars, 

pēdas locītavas kustību amplitūda, apakšstilba muskuļu maksimālais izometriskais spēks un 

griezes moments, eksplozīvais spēks. 
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TD Trunk deviation  

TF Time flight 

TP Time to peak 

TSI Total stability index  

TTD Total trunk deviation  
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Introduction 

Football is a team sport that involves numerous actions over a 90-minute period, during 

which players undergo 1000 to 1400 unpredictable locomotor activity changes every 3 to 

6 seconds (Castellano et al., 2011). Physical performance is one aspect of predicting team 

success, as a study by Redkva et al. (2018) proved that less fit players tend to perform fewer 

high-intensity actions throughout a match. During football matches, low-intensity movements 

comprised 70–84.1 %, moderate 8.3 %, and high-intensity 7.6 % of the total game (Bangsbo  

et al., 2006; Hoff, 2005; Hulton et al., 2008; Njororai, 2012). However, based on blood lactate 

(LA), heart rate (HR), and Rate of Perceived Exertion (RPE) responses, young elite football 

players experienced greater physiological stress during the first half of matches than in  

the second half (Aslan et al., 2012), but similar physiological stress during match play according 

to playing position (Aslan et al., 2012).  

In addition to the high aerobic demands of football, analyses reveal that players sprint 

between 1 % and 11 % of the total game time. Each sprint lasts 2 to 4 seconds, with repetitions 

occurring every 60 to 90 seconds, resulting in approximately 60 to 90 sprints per match 

(Shalfawi, 2015). These sprints indicate a high energy demand on the anaerobic system and 

require repeated high-velocity sprints throughout the game. Anaerobic process becomes 

important when players perform intense actions (e. g., sprinting and shooting), transition 

between activities (e. g., backward running followed by a header), and during shifts to higher 

intensities (e. g., jogging to high-speed running) (Hostrup & Bangsbo, 2022; Nilsson & 

Cardinale, 2015). Brief intense actions occur over 250 times during a game that relies on  

the anaerobic energy system (Bangsbo et al., 2006). These actions are crucial to a game’s final 

performance and results . Nikolaidis et al. (2018) in their study reported that the main effect of 

age on anaerobic test results (WAnT, 20-m sprint, SJ, and CMJ) was observed among male 

football players, with older age groups showing better performance. However, peak power 

(p = 0.32), mean power (p = 0.54), 20m (p = 0.07), SJ (p = 0.65), and CMJ (p = 0.34) were not 

significantly different in playing position. 

In line with the previously mentioned, one fundamental neuromuscular attachment skill 

that may also contribute to successful football performance is balance (Paillard et al., 2006; 

Ricotti et al., 2013). The balance performance is related to the improvement of sport-specific 

skills, movement technique in football and injury prevention. The study by Mitrousis et al. 

(2023) revealed that improvements in static and dynamic balance after specific balance training 

enhance shooting accuracy with the dominant leg in young football players. Moreover, regular 

football training combined with balance training improved dynamic balance performance and 

reduced lower limb injuries by over 25 % (Gebel et al., 2018). Balance performance relies on 
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the central processing of ankle proprioceptive sense acuity. It contributes to reducing  

the incidence of falls and sports injuries (Han et al., 2015). Balance supported by ankle mobility 

and explosive strength of the lower extremity muscles is the most important contributor to 

various movements, particularly change of direction (COD) (Guzman et al., 2022). Ankle 

dorsiflexion plays a role in absorbing and transferring force, while balance ability may enable 

faster COD performance at various angles from 45° to 180° (Rouissi et al., 2018). Moreover, 

precise ankle rotation was linked to balance proficiency (stability of the supporting limb) and 

accuracy of ankle movements during shooting or passing (Cameron & Adams, 2003; Cè et al., 

2018). 

Paediatric fitness programmes should include various neuromuscular exercises to 

enhance motor skills and fitness, which are critical for football practice (Hammami et al., 2023). 

Resistance exercise (RE) is considered a key approach for improving football performance 

because of the link between strength levels and high-intensity actions (Nuñez et al., 2019; 

Swinton et al., 2014). RE is one of the prominent training methods to include in the regular 

training sessions of various sports due to its safety, effectiveness, and injury-prevention 

(Faigenbaum & Myer, 2010; Lloyd et al., 2014). RE refers to a conditioning method that 

gradually incorporates a variety of resistive loads, different movement velocities, and various 

training modalities aimed at improving health, fitness, and sports (Faigenbaum et al., 2009). RE 

methods include body weight, free weights, weight machines, elastic bands, medicine balls, and 

manual resistance. However, the term RE should be distinguished from the sport of 

weightlifting, which involves performing the snatch and clean and jerk (Faigenbaum et al., 

2019). The fundamental principles of RE for youth are known as PROCESS (Progression, 

Regularity, Overload, Creativity, Enjoyment, Socialization, and Supervision) (Faigenbaum  

et al., 2016). 

Integrative neuromuscular training is a multimodal form of exercise that implements 

resistance exercises, dynamic stability, core exercises, and plyometric and agility training 

performed in short intervals with intermittent rest (Myer et al., 2011). In the clinical report, 

which was reaffirmed in November 2024 by the American Academy of Pediatrics (Stricker  

et al., 2020), the authors suggested that RE can begin with 1–2 sets of 8–12 repetitions at a low 

intensity (i. e., 60 % 1 RM) as proper technique is developed. Afterward, the RE program can 

be progressed from 2–4 sets of 6–12 repetitions with a low to moderate intensity (≤ 80 % 1RM). 

Young athletes can be introduced to periodic phases of lower repetition ranges (< 6) at higher 

training intensity (> 80 % 1RM) provided that resistance training skill competency (RTSC) is 

high (Lesinski et al., 2016).  
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The integrative neuromuscular training, including balance, strength, plyometric, and 

COD exercises, has been implemented to improve physical fitness in youth male soccer players 

(Hammami et al., 2023). Moreover, RE programs incorporating various training strategies and 

modalities have been shown to enhance overall physical fitness among young football players 

(Chaouachi et al., 2017; Hammami et al., 2016, 2023; Muehlbauer et al., 2019). However,  

RE protocols such as training duration, intensity, frequency, and exercise selection remain 

inconsistent in the existing literature. Another limitation of the current literature is the lack of 

investigation into the combined effects of multiple RE modalities on anaerobic and balance 

performance within a single structured training session. In addition, the potential contribution 

of underlying physiological and neuromuscular factors, such as ankle flexibility and shin 

muscle strength, to improvements in postural stability has received limited attention in youth 

football players. Therefore, further research is required to clarify the effectiveness of integrated 

RE programs that combine different neuromuscular training modalities in improving anaerobic 

and balance performance in young football players. 

Aim of the Thesis 

To evaluate the effects of an eight-week combined RE programs integrating  

self-loading, balance and plyometric on anaerobic and balance performance in well-trained 

young male football players aged 14–16 years competing at regional and national levels. 

Objective of the Thesis 

To achieve the aim of doctoral thesis, the following objectives are established: 

1 To conduct a literature review related to the effects of RE on anaerobic and balance 

performance in young male football players. This review aims to map the existing 

scientific evidence on different RE modalities and their effectiveness in improving 

anaerobic and balance, including training protocols such as duration, intensity, 

frequency, set, and repetitions. 

2 To analyse anaerobic and balance characteristics according to playing position in 

well-trained young male players aged 14–16 years (Tanner stage 3–4), with 

approximately 8 years of training experience, and competing at regional and national 

levels. Anaerobic measures include the six-second peak power output (6PPO) and 

the Wingate Anaerobic test (WAnT) with variables peak power output (PPO), mean 

power (MP), fatigue index (FI), and countermovement jump (CMJ) test (HJ, TF, and 

MF). Balance measures include static and dynamic balance tests. This analysis is 

conducted prior to designing the RE programs to determine whether training 

intervention for young players should be tailored according to the physical demands 
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of different playing positions: Goalkeepers (GK), Defenders (DEF), Midfielders 

(MD) and Forwards (F). 

3 To identify asymmetry between D and ND legs during a 30-second one leg stance in 

static and dynamic balance assessments. Static balance variables include EA, P, 

APD, MLD, AAPS, and AMLS. Dynamic balance variables include TTD and TSI. 

The findings will be used to inform the appropriate design of dose-response of RE 

programs based on individual characteristics of the participants. 

4 To evaluate the effects of an eight-week combined self-loading, balance, and 

plyometric exercises on: (a) anaerobic performance indicators, (b) balance-related 

variables, (c) ankle range of motion (plantar and dorsiflexion), and (d) peak isometric 

lower-leg muscle strength in well-trained male young football players. 

Hypothesis of the Thesis 

An eight-week combined RE programs integrating self-loading, balance and plyometric 

training will significantly improve anaerobic and balance performance in youth male football 

players aged 14–16 years. 

Novelty of the Thesis 

Although numerous resistance exercise (RE) programs have been widely studied in youth 

footballers, limited research has examined how specific RE protocols and modalities affect 

anaerobic performance and balance-related variables, including ankle flexibility and peak 

isometric shin muscle strength in young population. Considering the high anaerobic demands 

of football matches (Nobari et al., 2023) and the high percentage of lower-extremity injuries in 

youth players (71–80 %) (Read et al., 2016), with a 20 % proportion of ankle instability 

(Francia et al., 2022; Park et al., 2024), targeted development of anaerobic capacity, balance, 

and ankle mobility is essential during this age period stage. This thesis addresses this gap by 

investigating the effects of RE programs based on the PROCESS training principles on 

anaerobic performance and balance in youth football players aged 14–16 years, thereby 

contributing to improved training strategies for enhancing physical fitness and functional 

movement in young athletes. 
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1 Literature review 

1.1 Characteristic physical demands of young football players during 

a football match 

Football is a dynamic team sport where players connect within a complex system 

defined by technical and tactical elements, supported by physical and physiological attributes 

(Baptista, 2020; Mota et al., 2021; Pillitteri et al., 2023). Football involves varying effort levels 

from low to high, reflected by a large number of motor actions and unpredictable movement 

patterns (Bangsbo, 1994; Bradley et al., 2009; Pillitteri et al., 2023; Tereso et al., 2021). During 

football matches, low-intensity movements comprised 70–84.1 %, moderate of 8.3 %, and 

medium-intensity activities made up 7.6 % of the total game (Bangsbo et al., 2006; Hoff, 2005; 

Hulton et al., 2008; Njororai, 2012). The predominant actions in a football match consist of 

low-intensity activities, including walking and running (Stølen et al., 2005), while  

high-intensity actions are represented by sprinting, jumping, and changing direction (Di Salvo 

et al., 2009; Fang et al., 2021). During a match or training, global positioning systems (GPS) 

and video analysis identify players involved in standing (0–0.6 km/h-1), walking  

(0.7–7.1 km/h-1), jogging (7.2–14.3 km/h-1), running (14.4–19.7 km/h-1), high-speed running 

(19.8–25.1 km/h-1), and sprinting (> 25.1 km/h-1) (Bush et al., 2015; Nilsson & Cardinale, 

2015). 

The physical aspect of football is expressed in the contest for ball possession, running 

off the ball, dribbling, tackling, counter-attacking, overlapping, and jumping to head the ball 

and long tactical kicks (Helgerud et al., 2011; Hostrup & Bangsbo, 2022; Reilly et al., 2000; 

Stølen et al., 2005). Players experienced a change in physical activity every 4 to 6 seconds, 

depending on the positions of different players on the pitch (Chmura et al., 2018; Krustrup  

et al., 2005). Regarding the level of physical performance (amateur versus top level) and  

the maturity status (adolescent versus adult), there is a positive correlation between physical 

performance and distance covered, competitive ranking, quality of play, ability to sustain  

high-intensity activity, number of touch of the ball in the match, maintaining physical condition 

at a peak level during a match-play, and ability to speed up recovery process (Aquino et al., 

2020; Atan et al., 2023; Bradley et al., 2013). According to the quality of competition  

(e. g., amateur, semi-professional, and professional), the physical demands imposed on football 

players intensify along with the level of competition (Bekris et al., 2021; França et al., 2022; 

Miguel et al., 2022; Tereso et al., 2021).  

The adolescent period is the phase between childhood and adulthood in males aged  

14 to 18 years, corresponding to Tanner stages 3 and 4 of sexual maturation (Beunen et al., 

1992; Marshall & Tanner, 1970). In youth sports, athletes must develop a range of physical 
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abilities to achieve elite status (Eime et al., 2013; Janssen, 2007; Zwolski et al., 2017). 

Moreover, the successful physical football performance requires information processing to 

compete in dynamic environments and manage complex mobility (Eime et al., 2013; Malina, 

2011; Malina et al., 2015), emphasizing the importance of cognitive skills in young football 

players. Previous studies revealed a positive correlation between motor skills, academic 

achievement, and the physical success of youth football players (Eime et al., 2013; Hermassi  

et al., 2022; Silva et al., 2022).  

Muscle power and strength development immediately increase during maturity progress 

until age 20 years old (McMorris et al., 2000), particularly during early maturing male phase 

(Brown et al., 2017; Sweeney et al., 2023). Thus, the growth and maturation stages are crucial 

in evaluating the physical and technical abilities of youth football players (Hermassi et al., 2024; 

O’Brien-Smith et al., 2020). Given the rapid development of neuromuscular and sensorimotor 

control in youth (Dost et al., 2016; Malina et al., 2024), it is advisable to initiate training in 

football at an early age. Therefore, understanding the physical demands of a football match is 

crucial for coaches and sports trainers to formulate training programmes that effectively 

develop physical performance and reduce injuries in young players. 

1.2 Effectiveness of youth resistance exercise (RE) on anaerobic and 

balance performance in young football players 

Implementing resistance exercise (RE) has considerable interest as a strategic approach 

to improve the physical performance of young athletes (Suchomel et al., 2018). The National 

Strength and Conditioning Association (NSCA) defines RE as a specialised form of 

conditioning distinguished by the progressive incorporation of resistive loads, different 

movement velocities, and a diverse range of training modalities meticulously designed to 

improve health, fitness, and sports performance (Faigenbaum et al., 2009; Faigenbaum, 2000; 

Zwolski et al., 2017). Furthermore, scientific studies have consistently shown that RE positively 

impacts muscle strength, power and motor skill performance, as well as being safe and effective 

for young athletes (Behm et al., 2008; Collins et al., 2019; Faigenbaum & Myer, 2010; Harries 

et al., 2012; Slimani et al., 2018). In line with findings, evidence in the literature suggests that 

training-induced gains in muscular strength in children are primarily caused by neural 

adaptation (e. g., improved intra- and intermuscular coordination) rather than muscular factors 

(e. g., muscle hypertrophy) due to a lack of circulating anabolic hormones (e. g., testosterone) 

(Granacher et al., 2011; Ruas et al., 2024). 

The study reviews and position papers published by advisory bodies have delved into 

different RE models, including appropriate exercise selection, sequencing, resistance levels, set 

numbers, and rest intervals between sets, to determine the impact of resistance exercise on 
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young athletes (Lesinski et al., 2016; Suarez et al., 2019). The volume and intensity are key 

characteristics of resistance exercise that are routinely manipulated within a training session or 

general phase of training (Lesinski et al., 2016; Lloyd et al., 2014; McQuilliam et al., 2020). 

The relationship between volume and intensity is inverse, where the greater the load (intensity) 

, the lower number of repetitions that can be completed (volume) (Haff & Triplett, 2008). Both 

variables must be considered synergistically, as excessive exposure to high volume and 

intensity of sport-specific training may result in injury (Jayanthi et al., 2015; Post et al., 2017). 

Faigenbaum et al. (1999) (2009), Lloyd et al.(2014), Behringer et al. (2011) suggested that  

the minimal threshold to elicit enhancement in motor skill performance in children and 

adolescents lies at around 50 % of the one repetition maximum (1RM). According to their 

findings, RE at low-to-moderate load intensity and high movement velocity appears to be  

an adequate and effective stimulus to enhance performance in youth athletes. Furthermore, 

smaller doses of RE (e. g., 2–3 sets per exercise) may be sufficient to improve muscular strength 

in less-trained individuals, while larger doses of RE (e. g. 4–6 sets per exercise) may be required 

to achieve the same level of improvement in well-trained athletes (Suchomel et al., 2018). 

A comprehensive search of the Scopus, Sport Discus, and Web of Science databases 

was performed to identify studies evaluating RE programmes on anaerobic and balance 

characteristics in adolescent football players. Fourteen studies that met the criteria and were 

published within the last five years up to 31 December 2023 were examined for inclusion.  

The search syntax included combined sets of terms related to RE (i. e., plyometric, 

weightlifting, and eccentric training) for the specific population (i. e., youth footballers or 

soccer). The total sample size across all the studies considered in this analysis was 568 young 

male adolescent football players (age = 15.27 ± 0.4 years). The maturity status of  

the participants (pre-peak height velocity (PHV) −0.25 ± 0.3 years from PHV, approaching 

peak height velocity − 1.95 ± 0.3 years from PHV, and late post-peak height velocity (2.5 ± 0.6 

years from PHV, while the puberty stage of the players (puberty stages 3–4) according to  

the Tanner method (Beunen et al., 1992). 

The study presented different resistance exercise models for multiple activities.  

The variety of jumps in varied heights (20–80 cm) (Jlid et al., 2019), running with resistance 

(Chaalali et al., 2022), various balance exercises (Muehlbauer et al., 2019), weight lifting 

(Zghal et al., 2019), small-sided games (Arslan et al., 2021), core strength training (Gasim  

et al., 2022), and change of direction drills (Aloui et al., 2021). All studies indicate that 

integration of RE into regular training improves anaerobic and balance performance among 

adolescent footballers. The studies conducted the programmes for 2 to 15 weeks, with  

an average duration of 7.71 ± 2.68 weeks, 2 or 3 times weekly (2.64 ± 0.97) on alternate days. 
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The volume of training consists of 2–3 sets of 6–12 repetitions of each activity, at moderate to 

high intensity. The type of plyometric training was applied with 54–144 ground contacts per 

session. Integrating RE into regular football training significantly improved anaerobic 

characteristics (i. e., jump, sprint, change of direction) and balance performance in young 

footballers. 

1.3 Optimization of balance characteristics supported by ankle 

mobility and implementation of different resistance exercises in 

young male football players 

Balance refers to the human ability to maintain the centre of pressure (CoP) vertically 

aligned on the base of support (Pollock et al., 2000; Shumway-Cook A, 2017; Winter, 1995). 

Balance depends on rapid and continuous feedback from the somatosensory, visual, and 

vestibular systems to produce smooth and coordinated neuromuscular actions (Hrysomallis, 

2011; Shumway-Cook A, 2017). The CoP characteristics comprised the amplitudes and  

the mean velocity of CoP movements in anteroposterior (AP) and mediolateral (ML) directions, 

and their standard deviations (SD) (Chen et al., 2020; Freitas et al., 2005; Moghadam et al., 

2011). Balance is a complex process that requires the synchronised functioning of several 

sensory, motor, and biomechanical mechanisms (Palmieri et al., 2002). Balance quality is 

influenced by morphology, muscle strength, power, proprioception, and hemisphere laterality 

(Bishop et al., 2018; Brachman et al., 2017). Other factors, such as anthropometry, age, sex, 

and physical activity level, influence balance performance (Alonso et al., 2012; Eriksrud et al., 

2019). Balance is typically categorised into two types: static and dynamic. Both types of balance 

are essential for daily and sports movements. Static balance is defined as the capacity to 

maintain the centre of mass above the base of support with minimal movement (Hrysomallis, 

2011) in unperturbed environments (Macpherson et al., 2012). In contrast, dynamic balance 

refers to maintaining or adjusting equilibrium during movement or successfully maintaining 

body balance in changing postural conditions (Davlin, 2004; Paillard, 2019b).  

The ability to maintain balance is significantly related sports performance. Research 

data indicated that the most successful athletes, in terms of competitive level, showed superior 

postural stability in both ecological and non-ecological circumstances (Paillard, 2019a; 

Zemková, 2014). Better neuromuscular control of postural and core stability contributes to more 

efficient functional movements specific to sports performance (Bressel et al., 2007; Paillard, 

2017; Zemková & Zapletalová, 2022). On the other hand, a review of the literature found that 

balance deficits are associated with an increased risk of falls and injuries, including ankle 

sprains, muscle tears, tendon and ligament injuries among athletes in various sports (Brachman 

et al., 2017). Balance is the fundamental skill of neuromuscular attachment that contributes to 
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successful football performance (Meiners & Loudon, 2020; Ricotti, 2011). In particular 

techniques in football, the dominant leg is used for most techniques, such as shooting, passing, 

juggling, dribbling, and receiving the ball (Barone et al., 2011; Chew-Bullock et al., 2012), 

while the non-dominant leg is used to support the body weight (Barone et al., 2011; Zouhal  

et al., 2018). Furthermore, considerable differences in balance ability observed among players 

at various technical levels suggest that balance performance varies depending on the level of 

competition (Butler et al., 2012; Paillard et al., 2006) and the playing position (Jadczak et al., 

2019; Mahmoudi et al., 2023). 

Balance capacity is supported by the central processing of ankle proprioceptive senses 

to enhance sport performance and injury prevention (Han et al., 2015). A prior study revealed 

that ankle strength and range of motion (ROM) are associated with balance control ability  

(Kim & Kim, 2018; Trajković et al., 2021). Kim & Kim (2018) reported that ankle ROM had 

the greatest influence on centre of pressure (COP) amplitude and sway velocity in  

anterior-posterior (AP) and medial-lateral (ML) directions during single leg-quite stance in 

young, and trained athletes. Moreover, the increased strength of the shin muscle enhanced static 

and dynamic balance. The activities, such as running and jumping, ankle plantar flexor (PF), 

support the body weight and propel the body backward in the late stance of running activity 

(Kawakami et al., 2008; Sakanaka et al., 2018). Ankle dorsiflexion (DF) ROM improves  

take-off and landing stability (Dowling et al., 2018; Patti et al., 2024; Taylor et al., 2021; Yun 

et al., 2016). A study by Akbari et al. (2023) found that reduced ROM ankle DF correlates with 

an increased number of landing errors during soccer-specific tasks. 

Each sports discipline induces specific postural and training adaptations related to  

the muscles involved in the sport-specific movements. Pontaga (2024) concluded that  

the training program, which includes the development of sports-specific skills and integrates 

balance and plyometric exercises, influences balance performance more than the sex of athletes. 

Consistent with this, a literature review by Ramachandran (2021) revealed that plyometric jump 

training is an effective method for improving various measures of balance performance 

(dynamic and static), regardless of participants’ gender and age. Furthermore, a current study 

shows that balance and proprioceptive training can improve balance and technical skills among 

young football players (Gidu et al., 2022; Mitrousis et al., 2023). Nevertheless, the positive 

effect of an RE program on postural stability supported by ankle mobility in adolescent athletes 

remains unexplored. This is a crucial age period for the development of specific skills, and 

performance at this age can be linked to success in adulthood. Therefore, one of the objectives 

of this dissertation is to investigate the effects of combined balance and plyometric training on 
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balance improvement and its determining factors, such as ankle range of motion and shin 

muscle strength, in young football players. 

1.4 Optimisation of anaerobic characteristics and implementation of 

different resistance exercises in young male football players 

Anaerobic, in physiological terms, refers to the capacity of all living organisms’ organs 

and systems, particularly the central nervous system, to perform at high intensity for a short 

period (Chamari & Padulo, 2015; Green, 1994), but it is also connected to technique and  

the degree of economy in movement (Sporiš et al., 2014). Anaerobic is defined as the maximal 

amount of adenosine triphosphate (ATP) resynthesized through anaerobic metabolism  

(by the whole organism) during a specific mode of maximal short-duration exercise (Green & 

Dawson, 1993; McArdle et al., 2006). The anaerobic system (non-mitochondrial) responds 

immediately to exercise energy demands and may help maintain high muscle force and power 

production (Baker et al., 2010). Furthermore, anaerobic energy production through glycolysis 

leads to lactic acid production and the accompanying H+ accumulation in muscle fibres, causing 

a decrease in calcium (Ca2+) concentration in sarcoplasm, which leads to a reduction of  

the rate of ATP resynthesizes in anaerobic glycolysis reaction (Hostrup & Bangsbo, 2017; 

Nogueira et al., 2013). As a result, the anaerobic system has limitations, and thus, prolonged 

intensive exercise either stops or reduces power output. 

A distinction must be made between anaerobic power and capacity. Anaerobic power 

represents the highest rate of anaerobic energy release. In contrast, anaerobic capacity refers to 

the maximal anaerobic energy production an individual can achieve during intensive, prolonged 

exercise performed to exhaustion (Hostrup & Bangsbo, 2017). Anaerobic power and capacity 

can be identified during the all-out 30s test on a cycle ergometer, commonly known as the 

Wingate anaerobic test (WAnT). This test provides three main variables: peak power output 

(PPO), mean power (MP), and fatigue index (FI). PPO is known as ‘anaerobic power’ and is 

determined by the peak mechanical power recorded during the test, which usually occurs in the 

first 5 to 10 seconds (Nikolaïdis, 2014; Nikolaidis & Knechtle, 2021). This score demonstrates 

the power generation capacity of the ATP- Creatine phosphate (PCr) system. MP is considered 

the ‘anaerobic capacity’ and represents the average mechanical power maintained during the 

30 seconds (Bar-Or, 1987; Castañeda-Babarro, 2021). This score demonstrates the ability to 

produce energy through the ATP-PCr system and glycolytic metabolism. Fatigue index (FI) 

represents the loss of power experienced from the moment maximum power is reached at the 

end of the test (Beneke et al., 2002) and is related to the total capacity to produce ATP-PCr and 

glycolytic metabolism.  
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The contribution of anaerobic performance becomes crucial when football players 

perform intense actions (e. g., sprint and shooting), in transition between activities  

(e. g., backwards running followed by a header), and during shifts to higher intensities  

(e. g., jogging to high-speed running) (Buchheit et al., 2015; Hostrup & Bangsbo, 2022; Sporiš 

et al., 2014). As mentioned in the literature, competitive match-play requirements include  

an all-out sprint every 90 seconds on average and high-intensity efforts every 30 seconds for 

each player. Although sprinting and high-intensity actions occur only in 8–12 % of covered 

running distance, these actions are considered match outcomes (Krustrup & Bangsbo, 2001; 

Rampinini et al., 2007; Reilly et al., 2000). Approximately 150–250 short bursts of intense 

action such as repetitive sprints, demonstrate that anaerobic play a significant role, particularly 

in crucial moments of the match (AlTaweel et al., 2022; Bangsbo et al., 2007). The current 

study by França et al. (2024) concluded that lower-body power is a significant positive predictor 

of jump, sprint, and agility in young football players. Furthermore, anaerobic performance in 

young players strongly correlates with anthropometric characteristics, maturity state, and 

training load (Nobari et al., 2020, 2023). Young players can achieve greater anaerobic power 

and capacity during the training season if their coaches provide the appropriate workload of 

exercises, considering their peak growth velocity (growth spurt), and maturity offset.  

A review of the scientific literature conducted by the author (ARS and IP) in 2024 found 

that combining plyometric with sprint training (Aloui et al., 2021), change direction 

(Michailidis et al., 2023), or combining RE with a small side game (Arslan et al., 2021), and 

plyometric (Zghal et al., 2019). These are excellent strategies to improve anaerobic power in 

young football players. This evidence showed that RE combination is more effective than solely 

plyometric exercises for improving anaerobic parameters, such as strength, sprinting, and 

jumping performance. In this context, various modalities of resistance exercise (RE) 

interventions enhance different neuromuscular attributes (e. g., force and power development 

rate, stretch-shortening cycle function). Further research is needed to evaluate the effects of 

resistance exercise on morphological, metabolic, and functional changes in young footballers 

to improve anaerobic performance, which is the objective of the present study.  
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2 Material and methods 

2.1 Study design and population criteria 

The study was conducted in the Riga region, Latvia, from 2022 to 2024. The research 

protocol was prepared in accordance with all National regulations and institutional policies and 

followed the Declaration of Helsinki. It was approved by the Ethics Committee of the Latvian 

Academy of Sport Education (meeting Protocol No. 6, Decision No. 1/51813, 24 February 

2023). The study protocol was implemented and reported in accordance with the Standard 

Protocol Items: Recommendations for Intervention Trials (SPRIT) statement. Parental and 

participant consents were obtained after a thorough explanation of the study’s purpose, 

procedures, risks, and benefits. The participants read and signed a consent form approved by 

Latvian Academy of Sports Education Ethics Committee. 

Forty-three young male football players (age = 15.81 ± 1.33 years) participated in  

the first and second studies. However, the third and fourth studies were based on 30 players 

who were eligible for further analysis. Participants were randomly assigned to an intervention 

(IG) and control (CG) groups (Figure 2.1). We used Microsoft Excel (Microsoft Corporation, 

Redmond, WA, USA) to randomly assign 30 players to each group using the formula 

= SORTBY(SQUENCE(30), RANDARRAY(30, 1, 1, 30, TRUE)). No statistically significant 

differences were detected between IG and CG at the mean age, training experience, volume, 

and anthropometric data. 

 

Figure 2.1 CONSORT diagrams of the full recruitment 

and randomization process 
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They played soccer regularly, about four to five training sessions per week (each lasting 

around 90 minutes), on natural and synthetic grass. They have about eight years of experience 

as players and have competed in regional and national competitions. The participants’ 

maturation was estimated using the Tanner method (Beunen et al., 1992), as assessed by  

the same sport physician. Participants classified as Tanner stages 3 and 4 to exclude  

the influence of a growth spurt on the footballers’ performance. Players were excluded if they 

had any of the following conditions: painful legs during the test, vestibular disorders, treatment 

for inner ear disease, or a concussion within three months before the start of this study, as 

determined by direct inquiry. 

2.2 Intervention of combined resistance exercise that included regular training 

The CG participants conducted a regular football training program during the 8-week 

intervention. They had five 90-minute-long training sessions per week. The regular training 

sessions of both the CG and IG included 40 minutes of plyometric exercises twice per week 

during the preparation period and once per week during the competition season. The RE 

interventions were structured so that players in one group were not under the impression that 

they did not receive a specific intervention. 

The subjective intensity of internal training load, which included the volume and 

intensity of each session, as well as the weekly training load, was evaluated after the training 

session using the perceived exertion rating scale (RPE) based on the methods proposed by 

Impellizzeri et al. (2004) and previously used in soccer with the CR 10 scale. Approximately 

30 minutes after each training session, players were asked to rate the global intensity of  

the exercise performed during the previous session based on the category ratio: 10 RPE scale. 

The resistance exercise program consisted of balance and plyometric training, as well 

as self-loading training. The third study on anaerobic performance implemented RE that 

combined plyometric and self-loading. Similarly, in the fourth study on balance, ankle mobility 

and explosive strength, resistance exercises were implemented as a balance and plyometric 

training (Figure 2.2). Subjects were carefully instructed before intervention, received a practical 

demonstration, and performed a familiarization exercise. In an anaerobic study, IG performed 

plyometric (hurdle jumps, lateral hurdle jumps, bouncy strides, and single-leg hop jumps) 

followed by a 20-meter sprint and self-loading training (isometric squat and deep squat, lunge, 

side lateral lunge, single-leg squat left/right, weight displacement, maximal speed with partner 

resistance).  

On the other hand, the experimental study on balance, ankle mobility, and explosive 

strength on intervention groups (IG), performed a RE modality that combines balance and 
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plyometric training. The balance training consisted of four types of exercises: 1) maintaining  

a static position with semi-squatted legs: both or single leg and holding a medicine ball in  

the hands, 2) squat and throwing the medical ball vertically upwards, then standing up and 

catching the ball, 3) standing and keeping a balance position on the balance wobble board with 

a resistance band positioned around the thighs above the knee, 4) standing and keeping  

a balance position on the roller balance board with a resistance band positioned around the shins 

below the knee. The dose-response for balance training followed the protocol outlined by Gebel 

et al (Gebel, Prieske, et al., 2020). Each exercise lasted 20–40 seconds, with 3 repetitions per 

set. A 30-second break was given between sets, and the rest periods between different exercises 

were 120 seconds. 

Figure Type balance training Figure Type plyometric training 

 Maintaining a static 
position with  
semi-squatted legs:  
both or a single leg, and 
holding a medicine ball 
in the hands 

 

Counter-movement 
jump on both legs over 
the hurdle 

 Performing a squat and 
throwing the medical 
ball vertically upwards, 
then standing up and 
catching the ball. 

 

Hops on the right and 
left leg above the hurdle 

 Standing and keeping  
a balance position on  
the balance wobble 
board with a resistance 
band positioned around 
the thighs above  
the knee 

 

Single leg jumps forward 
and backwards, side to 
side in front of the cone. 

 Standing and keeping  
a balance position on  
the roller balance board 
with a resistance band 
positioned around  
the shins below  
the knee. 

 

Skipping the jump rope 
on both legs and a single 
leg 

Figure 2.2 Balance and plyometric training 

The plyometric training consisted of four types of exercises: 1) countermovement jump 

on both legs over the hurdle, 2) hops on the right and left legs above the hurdle, 3) single-leg 

jumps forward and backward, side to side in front of a cone, 4) skipping the jump rope on both 

legs and a single leg. Based on the recommendations of Bedoya et al. (2015), plyometric 

exercises were performed in 2–4 sets of 6–15 repetitions per set. The rest intervals between 
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each set and different exercises were 60–120 seconds. The initial number of ground contacts 

per session was set at 50–60, with progression leading to a maximum of 80–120 contacts per 

session.  

During the intervention, balance training was performed before plyometric exercises to 

achieve optimal functional movement and muscular fitness outcomes (Behm et al., 2008; 

Granacher & Behm, 2023). The intensity of training increased biweekly by adjusting 

repetitions, duration, and difficulty (Annex 1). Throughout the training session, coaches 

provided instructions on proper technique and movement. The coach verbally encouraged  

the players to exert maximal effort during the training. 

2.3 Assessment 

 Assessment design 

The evaluation was performed in the afternoon (from 4 to 6 pm) using the equipment 

available in the RSU Latvian Academy of Sport Education (LASE) sport science laboratory. 

All testing was scheduled in the afternoon to control diurnal variations. All football players 

participated in a familiarization session before the formal testing, during which they were 

informed of all procedures. The participants practiced 2–3 trials of each test to avoid any 

learning effects during the experimental session. The ambient temperature range in the room 

was 18–20°C, and the humidity was 35–50 %. The players were consistently asked to wear 

indoor sportswear during the tests in the laboratory.  

Baseline measurements were performed 4 days after the end of the familiarization 

session. The evaluation included anthropometric and physical fitness performance (Six-second 

peak power test (6PPO), Wingate anaerobic endurance test (WAnT), countermovement vertical 

jump test (CMJ), static and dynamic balance, and ankle mobility. The dominant leg was 

determined by asking participants which leg they would use to kick a soccer ball as far as 

possible with maximal force (Baldon et al., 2012; Kollock et al., 2015). 

All devices and platforms used in this research have demonstrated validity and 

reliability in measuring peak power output on the bicycle ergometer (Herbert et al., 2015; 

Wehbe et al., 2015), short-term strength endurance on the bicycle ergometer (Nikolaidis & 

Knechtle, 2021; Nikolaidis et al., 2016), vertical jump for muscle strength and power 

investigation (Bellicha et al., 2022; Glatthorn et al., 2011), static and dynamic balance (Srishti 

et al., 2023), ankle range of motion (Lind et al., 2022), shin muscles’ peak isometric strength 

(Kolber & Cleland, 2005). 
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 Anthropometric assessments 

Anthropometric data were collected by the same experienced evaluator, who assessed 

height and body mass. Anthropometric measurements of young football players wearing briefs 

were taken using a SECA 220 for height (accuracy of up to 1 mm) and SECA 874 scales for 

weight (accuracy of up to 0.05 kg) (SECA, Hamburg, Germany). Body mass index (BMI) was 

calculated by dividing weight in kilograms (kg) by the square of height in meters (m2). 

 Six-second peak power output test (6PPO) 

The six-second peak power output test was performed on a cycle ergometer (Wattbike 

Pro, Nottingham, UK). The saddle heights were individually adjusted to each subject, and  

the toe clips supported the feet. During two minutes of warm-up, players performed  

a steady-state ‘easy spin’ at a self-selected cadence with the air and magnetic resistance fixed 

at the lowest settings (level 1and 1), respectively (Wehbe et al., 2015). Air and magnetic 

resistances are used and increased during the test. The Wattbike was ‘zeroed’ before testing to 

ensure reliability, as recommended by the manufacturer. The investigator selects the resistance 

levels based on the subject’s body mass. The test was initiated following a 5-second countdown, 

followed by a firm verbal command “GO”. The completion of the test was indicated with 

another verbal command, ‘STOP’. The investigator stabilised the Wattbike throughout the test 

to prevent the ergometer shift (Herbert et al., 2015; Hopker et al., 2010). Immediately following 

one minute of active recovery, ‘easy spin’ was conducted at self-selected cadence with both 

resistance settings returning to level 1. The highest power value recorded during the six-second 

test was analysed from two trials in our investigation. 

 Wingate anaerobic test (WAnT)  

The WAnT was conducted according to widely accepted recommendations for 

standardization (Inbar et al., 1996) (Bar-Or, 1987). The test was initiated with a standardised  

5-minute cycling warm-up at a resistance of 50W. The test included two 3-second sprints at  

the end of the 3rd and 5th minutes as preparation for the sprint. The resistance settings (the air 

and magnetic) on the Wattbike monitor were based on each football player’s body mass. After 

a 10-minute rest, the subjects were instructed to pedal as fast as possible (Beneke et al., 2002). 

Strong verbal encouragement was given to help the player keep a high pedalling rate during  

the 30 seconds. After the test was completed, the subjects were supervised during a 30-minute 

rest in a sitting position.  

The Wattbike Pro cycle ergometer’s performance computer calculated power via a load 

cell next to the chain. As force is exerted through the cranks, the load cell calculates the power 

by the sum of all forces applied during one complete pedal revolution. After completing  
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the test, the power output in Watts (W) shown on the Wattbike monitor is calculated using  

the following equation: P (W) = [F(N)* 1(m)] / T(s), where F the force applied in N multiplied 

by the distance covered in meters (m) and divided by the time in seconds (s). The peak power 

(W), mean power (W), relative peak and mean power (W/kg) (absolute divided by the body 

mass), and fatigue index (%) were analysed. 

 Countermovement jump test (CMJ) 

The participant stood on a vertical jump force platform, with their hands placed at their 

waist, jumping vertically upward as high as possible after a quick squat. Participants had to 

remain upright before performing the vertical jump, starting with a countermovement until  

the legs were bent to an angle of 90° (Petrigna et al., 2019) and both hands were positioned on 

the hips. Subjects began a countermovement jump in one motion after a verbal command.  

The best jump test result (the highest jump) was used for analysis after three jump trials.  

The Optojump (Microgate, Srl., Bolzano, Italy) measured jump height and time flight. The force 

plate BTSP-6000 (BTS Bioengineering, Garbagnate Milanese, Italy) measured the maximum 

ground reaction force production. 

 Static balance test 

Static and dynamic balance were evaluated using the ProKin 252 stabilometric platform 

(TecnoBody, Dalmine, Italy). The trunk sensor was attached to the chest in the middle of  

the sternal bone. Balance characteristics were measured in a one-leg stance. The longitudinal 

axis of the leg was determined by establishing a tangent line connecting the midpoint of  

the middle toe to the central point of the heel. Participants placed their hands on their hips, and 

the unweighted leg was maintained at 45° of knee flexion during the test. Contact was not 

allowed between the raised and stance limbs (Mauch et al., 2011). 

Players were instructed to maintain a one-leg stance for 30 seconds with their eyes open 

and focus on a stationary target. After 30 seconds of standing on each leg, the device displayed 

the characteristics: ellipse area (EA) of the body’s centre of pressure (CoP) movements, 

perimeter (P) of the centre of pressure movements area, distances of sway in  

the anterior-posterior (APD), medial-lateral direction (MLD), trunk deviation (TD) angle, 

average anterior-posterior (AAPS) and medial-lateral (AMLS) speed of the CoP. The total 

length of the circumference of the disorganised lines of the sway of CoP was used to determine 

the perimeter of the area of body sway (P). Shorter perimeter length (P) indicates better postural 

balance (Donath et al., 2012). Furthermore, the EA of the body’s centre of pressure sway was 

an established elliptical form that covered at least 90 % or 95 % of the chaotic sway lines. 

Balance performance is better with a smaller ellipse area (EA) (Asseman et al., 2004).  
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 Dynamic balance test 

The players were instructed to maintain balance in a one-leg stance, looking straight 

ahead at the screen with their eyes open for 30 seconds. The movable balance platform of  

the system works with air piston servo motors and performs measurements in every direction 

with an operating angle of 15°. The device presented data on dynamic balance characteristics, 

including a total stability index (TSI) and total trunk deviation (TTD) angle. TSI was classified 

as normative for trained subjects with a value of 0–0.83, normal between 0.84 and 2.32, and 

poor dynamic balance if it exceeded 2.33. A higher score of the total stability index and  

the trunk deviation angle meant a worse sense of trunk position. The normal TSI value for  

the studied age group (18 to 35-year-olds) is 0.82–2.26 (Cachupe et al., 2001). Balance 

instability was considered in participants with a TSI value higher than 2.3 (Finn et al., 1999). 

Based on previous protocols (Meiners & Loudon; 2020, Pizzigalli et al., 2013), two 

trials were performed, one on each lower extremity, with eyes open for a test duration of 

30 seconds and a 30-minute break between balance tests. If subjects did not complete  

the 30-second test without error, one additional trial was given to the participant to complete 

the test. 

 Ankle range of movement plantar and dorsal flexion test 

Participants were seated with a knee flexed to 90° for plantar flexion (PF) and 

dorsiflexion (DF) range of motion (ROM) measurements at the talocrural joint. The ROM was 

measured using a Jamar Plus digital goniometer (Performance Health, United Kingdom), 

following the protocols “A Guide to Goniometry by Norkin and White” (2017). Landmark:  

A dot 2 cm below the tip of the lateral malleolus was marked, and another dot 10 cm above  

the tip of the lateral malleolus on the posterior of the fibula. The pivot point of the goniometer 

was placed on the lateral malleolus. The fixed arm was kept parallel to the lateral midline of 

the fibula, while the movable arm was parallel to the lateral midline of the fifth metatarsal bone 

(Tavares et al., 2017). The average score from three trials was calculated. 

 Shin muscles’ peak isometric strength test 

Strength of the ankle plantar (soleus, gastrocnemius, plantaris, tibialis posterior, 

peroneus longus and brevis) and dorsiflexor muscle (extensor halluces longus, extensor 

digitorum longus, tibialis anterior) were measured. Participants were positioned supine with 

their feet in a neutral position. A handheld dynamometer (MicroFET2 ; Hogan Health Industries 

Inc., Draper, UT, United States) was used to examine the maximal voluntary isometric 

contraction (MVIC) of the shin muscle. The device was positioned against the dorsal surface 

of the foot, just proximal to the metatarsal heads, to measure the peak force of the ankle 
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dorsiflexor muscle. To measure the peak isometric force of the plantar flexor muscle, the device 

was placed on the plantar surface of the foot, just proximal to the first metatarsal heads  

(Spink et al., 2010). The participant pushed the dynamometer against the physiotherapist’s hand 

as hard as possible for 3 seconds with each foot, taking a minute interval between trials 

(Gapeyeva, 2015). The peak muscle-generated force depends on the maximal voluntary effort 

exerted by the participant. Three trials assessed the maximum force, and participants were 

encouraged to push the dynamometer as strongly as possible. Peak force (N) was obtained from 

the highest score from three trials of maximal voluntary contractions (MVC). Peak torque 

(N*m) was calculated from peak force multiplied by the arm length (m) (linear distance from 

the posterior lateral malleolus to the metatarsal heads). The torques were divided by body mass 

(Nm/kg) to obtain relative peak torques (Gapeyeva, 2015). 

2.3.10  Statistical processing of results 

Statistical analysis was performed using SPSS version 26.0 (IBM Corp., USA).  

All variables were expressed as the mean and standard deviation. The Shapiro-Wilk normality 

test was used to assess the data distribution. A purposive sampling strategy was used, and 

participants were selected based on their age (14–16 years), sex (male), experiences as football 

players, and other relevant factors related to the study’s focus, as explained in the inclusion and 

exclusion criteria section. 

In study 1, the Kruskal-Wallis H test was used to compare peak power output, explosive 

lower-limb muscle strength, and balance characteristics according to their playing positions. 

For a significant difference, Post hoc Dunn’s test was conducted to find which group was 

favoured. Eta-squared (η²) was used to calculate the effect sizes: 0.01 small, 0.06 medium, and 

0.14 large (Richardson, 2011). 

In study 2, the Mann-Whitney test was conducted to compare the significance of 

differences between Dominant (D) and Nondominant (ND) legs in static and dynamic and 

dynamic balance tests. On the other hand, Spearman’s rank correlation was used to assess  

the relationship between static and dynamic balance characteristics.  

The sample sizes for studies 3 and 4 were estimated by G*Power 1.9.4 analysis. Based 

on an effect size (f) > 0.80 from a previous study (Hammami et al., 2023) with 80 % statistical 

power (β = 0.8) and α = 0.05, the analysis indicated a minimum requirement of 12 participants 

per group. To account for a potential dropout rate of 20 %, 30 well-trained adolescent male 

players were recruited for this study. Within-group changes (pre- (t0) to post- (t1) test were 

calculated using the paired t-test. Effect size calculated by Cohen’s d (trival = < 0.2, 

small = < 0.5, moderate = < 0.8, large = > 0.8 (Cohen, 2013). Percentage changes were 
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calculated as: [(pre–post)/ pre] x 100. The significance of differences in the characteristics 

between the groups was analysed using ANCOVA (2×2), with effect size reported as partial 

eta-squared (ηp2) with small = 0.01, medium = 0.06, large = 0.15. 
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3 Results 

3.1 Analysis of anaerobic and balance performance in young football players 

by playing position http://dx.doi.org/10.16926/sit.2025.01.05 (Study 1) 

In the first data collection (2023/2024 season), we conducted a pilot study to assess peak 

power output, explosive lower-limb strength, and balance performance in young football 

players across playing positions. Forty-three young male footballers (age = 15.81 ± 1.33 years) 

from football clubs in Riga participated. They had more than five years of football experience, 

7–8 hours of regular training per week, and competed regularly. They players was classified 

into four groups: Goalkeeper (GK) (N:5, H: 185.42 ± 2.20 cm, BM: 76.20 ± 9.85 kg), 

Defenders (DEF) (N;12, H: 182.48 ± 2.20 cm, BM: 73.70 ± 4.73 kg), Midfielders (MD) (N: 20, 

H: 174.89 ± 5.03 cm, BM: 63.77 ± 6.92 kg), Forwards (F) (N:6 H: 184.00 ± 3.69 cm, BM: 

75.28 ± 12.25 kg). 

 Peak power output and jump performance by playing position 

As shown in Table 3.1, significant differences in anaerobic peak power output were 

observed across playing position (p = 0.018, η² = 0.226), indicating a moderate effect size. 

However, neither cadence peak nor time to peak parameters differed significantly among 

groups. The post-hoc Dunn analysis revealed that forwards (F) have significantly greater power 

output production than midfielders (MD) (885.83 ± 77.18 W vs. 690.54 ± 198.97 W, 

p = 0.003). In contrast, vertical jump characteristics (jump height, flight time, and peak force) 

did not differ significantly across playing position (p = 0.11–0.31). 

Table 3.1 

Six-second peak power and counter-movement jump based on playing position 

PPO 6s variables Position Mean 
Std. 

Dev 
95 % CI 

p-value 
Eta-square 

(η²) Lower Upper 

PPO (W) 

GK 855 46.24 797.57 912.42 

0.003* 0.226 
DEF 816.75 109.65 747.08 886.41 

MD 690.54 198.97 597.42 783.66 

F 885.83 77.18 804.82 966.83 

CP (Rpm) 

GK 151.6 14.94 133.04 170.15 

0.904 0.009 
DEF 150.91 10.16 144.45 157.37 

MD 152.55 14.54 145.74 159.35 

F 154.83 14.51 139.6 170.06 

TP (s) 

GK 1.59 0.99 0.35 2.83 

0.782 0.053 
DEF 1.34 0.65 0.93 1.76 

MD 1.33 0.6 1.05 1.61 

F 1.78 1 0.72 2.84 

 

  

http://dx.doi.org/10.16926/sit.2025.01.05
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Table 3.1 continued 

CMJ variables Position Mean 
Std. 

Dev 
95 % CI 

p-value 
Eta- square 

(η²) Lower Upper 

JH (cm) 

GK 42.84 2.56 39.66 46.02 

0.316 0.055 
DEF 40.27 5.19 36.97 43.56 

MD 39.37 5.98 36.57 42.17 

F 38.63 2.81 35.68 41.58 

TF (s) 

GK 0.59 0.02 0.57 0.61 

0.272 0.070 
DEF 0.57 0.04 0.55 0.6 

MD 0.57 0.04 0.55 0.59 

F 0.56 0.02 0.53 0.58 

PF (N) 

GK 1850.14 222.01 1574.48 2125.8 

0.111 0.175 
DEF 1824.36 270.82 1652.29 1996.43 

MD 1571.48 270.38 1444.93 1698.02 

F 1819.3 439.45 1358.12 2280.48 

PPO (Peak power output), CP (cadence peak), TP (Time to peak), W(watt), Rpm (Revolutions per minute,  

JH (Jump height), TF (Time flight), PF (Peak force), cm (centimetres), s (Seconds), N (Newton).  

Notes: * – Significant difference among players position (p = < 0.05) 

 Static and Dynamic Balance by playing position 

The characteristics of static balance, such as ellipse area (EA), perimeter (P), and 

average anterior-posterior movement speed (AAPS) of the centre of pressure, exhibited no 

significant differences among players positions (p = 0.17–0.45). Conversely, average  

medial-lateral movement speed (AMLS) showed a significant difference between  

the non-dominant (p = 0.025, η² = 0.211) and the dominant (p = 0.033, η² = 0.198) legs based 

on the players’ positions (Table 3.2). Additionally, AMLS post-hoc analysis (Dunn’s test) 

identified disparities between goalkeepers and forwards in their non-dominant (27.29 ± 5.34 vs. 

47.21 ± 17.02 (p = 0.022) and dominant leg (31.37 ± 5.94 vs. 52.29 ± 20.5) (p = 0.040). 

Regarding dynamic balance, no statistically significant difference was observed between  

the dominant/non-dominant legs during the 30-second one-leg stance test across players’ 

positions, p = 0.16–0.61. 

Table 3.2 

Static and dynamic balance performance according to playing position 

Static balance 

variables 
Position Mean Std. dev 

95 % CI 

Lower    Upper 
p-value Eta- (η²) 

EA (mm2) ND 

GK 860.4 214.96 593.49 1127.3 

0.324 0.109 
DEF 743.22 320.5 539.58 946.85 

MD 847.02 401.06 659.32 1034.72 

F 1172.82 593.81 549.65 1795.99 

EA (mm2) D 

GK 985.62 331.99 573.4 1397.84 

0.456 0.042 
DEF 823.11 221.02 682.68 963.53 

MD 896.3 432.26 694 1098.6 

F 1034.64 254.33 767.73 1301.54 
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Table 3.2 continued 

Static balance 

variables 
Position Mean Std. dev 

95 % CI 

Lower    Upper 
p-value Eta- (η²) 

P (mm) ND 

GK 1215.62 190.36 979.26 1451.99 

0.171 0.171 
DEF 1476.71 369.31 1242.06 1711.35 

MD 1596.23 520.65 1352.56 1839.91 

F 2036.29 793.06 1204.02 2868.56 

P (mm) D 

GK 1369.26 235.62 1076.7 1661.82 

0.423 0.089 
DEF 1639.68 509.22 1316.14 1963.22 

MD 1584.23 454.16 1371.68 1796.78 

F 1923.35 666.94 1223.44 2623.26 

AAPS (mm/s) ND 

GK 24.18 3.24 20.16 28.2 

0.406 0.09 
DEF 29.33 8.06 24.21 34.45 

MD 31.89 11.9 26.33 37.46 

F 36.87 17.25 18.76 54.98 

AAPS (mm/s) D 

GK 26.24 5.34 19.61 32.87 

0.307 0.102 
DEF 32.34 9.25 26.46 38.22 

MD 29.46 9.46 25.03 33.88 

F 37.32 13.7 22.94 51.69 

AMLS (mm/s) ND  

GK 27.29 5.34 20.66 33.92 

0.025* 0.211 
DEF 32.94 9.05 27.19 38.69 

MD 35.43 10.65 30.44 40.41 

F 47.21 17.02 29.34 65.08 

AMLS (mm/s) D 

GK 31.37 5.94 23.99 38.75 

0.033* 0.198 
DEF 36.77 13.11 28.44 45.1 

MD 36.77 9.97 32.11 41.44 

F 52.29 20.5 30.78 73.81 

TSI (0) ND 

GK 2.57 0.87 1.5 3.65 

0.571 0.047 
DEF 2.18 0.73 1.72 2.64 

MD 2.33 0.83 1.94 2.72 

F 2.67 0.66 1.98 3.36 

TSI (0) D 

GK 2.7 1.25 1.14 4.25 

0.619 0.027 
DEF 2.37 1.01 1.73 3.01 

MD 2.23 0.91 1.81 2.66 

F 2.4 0.43 1.95 2.85 

TTD (0) ND 

GK 2.01 0.8 1.02 3.01 

0.168 0.12 
DEF 3.43 2.61 1.77 5.09 

MD 2.31 1.35 1.68 2.94 

F 3.86 2.47 1.27 6.45 

TTD (0) D 

GK 3.29 2.53 0.15 6.43 

0.483 0.06 
DEF 3.03 2.43 1.49 4.57 

MD 2.28 1.85 1.41 3.14 

F 3.62 2.04 1.48 5.76 

EA (Ellipse area), P (Perimeter), AAPS (Average Anterior – Posterior speed), AMLS (Average Medial – Lateral 

speed), TSI (Total Stability Index), TTD (Trunk Total Deviation), (0) (Degree). ND (non-dominant leg), D 

(dominant leg). * – Significant difference among players position (p = < 0.05). 
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3.2 Identification of asymmetries between the dominant (D) and nondominant (ND) 

leg and the relationship between static and dynamic balance parameters. 

https://doi.org/10.5114/hm/186752 (Study 2)  

The results shown in Table 3.3 were obtained from the best value of each parameter of 

static and dynamic balance in a 30-second one-leg stance with eyes open. No significant 

differences were found between the dominant (D) and nondominant (ND) legs in all variables 

of static balance p = 0.33–0.72. Similarly, dynamic balance results revealed no significant 

differences between D and ND legs for parameters: TSI (Z = −0.337, p = 0.736), and TTD 

(Z = −0.268, p = 0.789).  

Table 3.3 

Static and Dynamic balance between the dominant and non-dominant leg 

Variables Non-dominant Dominant Z p-value 
Partial 

Eta-Squared 

Static Balance 

EA (mm2) 858.09 ± 383.88 905.56 ± 347.33 −0.816 0.414 0.004 

P (mm) 1580.02 ± 534.23 1622.02 ± 490.72 −0.428 0.669 0.002 

APD (mm) 8.46 ± 2.83 8.58 ± 2.50 −0.350 0.726 0.001 

MLD (mm) 5.39 ± 1.15 5.64 ± 1.02 −0.890 0.437 0.013 

TD (°) 1.93 ± 0.90 1.72 ± 0.73 −0.808 0.419 0.017 

AAPS (mm/s) 30.97 ± 11.36 30.98 ± 9.89 −0.229 0.819 – 

AMLS (mm/s) 35.43 ± 11.81 38.31 ± 13.36 −0.967 0.333 0.013 

TSI (°) 2.35 ± 0.78 2.35 ± 0.90 −0.337 0.736 – 

TTD (°) 2.72 ± 1.97 2.87 ± 2.09 −0.268 0.789 0.001 

Abbreviation: EA (Ellipse area), P (Perimeter), APD (Anterior-Posterior deviation), MLD (Medial-Lateral 

Deviation), TD (Trunk Deviation), AAPS (Average Anterior – Posterior speed), AMLS (Average Medial-Lateral 

speed), TSI (Total Stability Index), TTD (Trunk Total Deviation), (o) (Degree). ND (non-dominant leg),  

D (dominant leg). 

Data Table 3.4 was obtained from each parameter’s average score of the D and ND legs 

during 30 seconds with eyes open. In general, no statistically meaningful relationship was 

detected between static and dynamic balance for the parameters: TSI and EA (r = 0.13, 

p = 0.38), TSI and PA (r = −0.06, p = 0.69), TSI and APD (r = 0.14, p = 0.34), TSI and MLD 

(r = 0.10, p = 0.51), TSI and TD (r = 0.16, p = 0.30), TSI and AAPS (r = −0.00, p = 0.96),  

TSI and AMLS (r = −0.03, p = 0.83), TTD and PA (r = 0.04, p = 0.77), TTD and APD (r = 0.26, 

p = 0.08), TTD and AAPS (r = 0.09, p = 0.55), TTD and AMLS (r = 0.04, p = 0.78). 

Statistically significant relationships were demonstrated among TTD and EA (r = 0.33, 

p = 0.03), TTD and MLD (r = 0.33, p = 0.02), and TTD and TD (r = 0.42, p = 0.05, with small 

to moderate effects.  

  

https://doi.org/10.5114/hm/186752
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Table 3.4 

Correlation between dynamic and static balance parameters 

Variables 
EA 

(mm2) 
P (mm) 

APD 

(mm) 

MLD 

(mm) 
TD (°) 

AAPS 

(mm/s) 

AMLS 

(mm/s) 

TSI (°) 
0.136 −0.062 0.147 0.101 0.161 −0.006 −0.032 

0.386 0.693 0.345 0.518 0.301 0.969 0.837 

TTD (°) 
.332 0.045 0.267 .335 .423 0.092 0.043 

0.03 0.773 0.083 0.028 0.005 0.557 0.784 

Abbreviation: EA (Ellipse area), P (Perimeter), APD (Anterior-Posterior deviation), MLD (Medial-Lateral 

Deviation), TD (Trunk Deviation) AAPS (Average Anterior – Posterior speed), AMLS (Average Medial – Lateral 

speed), TSI (Total Stability Index), TTD (Trunk Total Deviation), (o) (Degree). ND (non-dominant leg),  

D (dominant leg). 

3.3 Effects of 8-week combined resistance training and regular training 

on anaerobic performance (Study 3) 

The data were collected during the 2023/2024 season. Importantly, the improvement in 

anaerobic performance resulted from incorporated resistance training (plyometric and  

self-loading) and regular training. The resistance exercises consisted of plyometric (hurdle 

jumps, lateral hurdle jumps, bouncy strides, and single-leg hop jumps) followed by a 20-meter 

sprint and self-loading training (isometric squat and deep squat, lunge, side lateral lunge,  

single-leg squat left/right, weight displacement, and maximal speed with partner resistance). 

Therefore, we acknowledge this improvement not solely in the experimental (intervention) 

group but also in the control group as part of the training routine. We observed that during 

regular training sessions, the coach of the control group implemented sprint training  

(e. g., interval sprint training, sprint with resistance) and small side games, which resulted in 

significant improvement in anaerobic performance. 

IG and CG demonstrated significant improvements in peak power output during  

the Wingate Anaerobic test (WAnt) and six-second peak power output test (PPO 6s), with 

percentage change ranging from 12–31 % (p = 0.000–0.02; d = 0.97–1.5) (Table 4.5, Figure 

3.1A). Absolute mean power significantly increased IG (453.46 ± 53.46 vs. 552.61 ± 94.49) 

and CG (541.92 ± 59.65 vs. 605.84 ± 75.69). While only IG showed a significant improvement 

in relative power output, neither group exhibited statistically significant changes in relative 

mean power. No significant improvement was detected in fatigue index (percentage of power 

lost from the beginning to the end of the test) and in the rate of power development (time to 

peak) in both groups. The analysis of covariance (ANCOVA) revealed no significant  

group-by-time interaction effects for all parameters of anaerobic performance (p = 0.12–0.90) 

(Figure 3.1 B). 
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Table 3.5 

Anaerobic performance before (pre-) and after (post-test) 

Variables 
Intervention Groups Control Groups ANCOVA 

x̄1 x̄2 % p d x̄1 x̄2 % p d F P ηp
2 

P
P

O
 3

0
  

W
a

n
T

 (
W

) 

6
6

5
 ±

 1
0

3
.4

7
 

8
5

4
.3

8
 ±

 1
4

0
.8

4
 

2
8

.4
8
 

0
.0

0
*
 

1
.5

3
 

7
8

5
.4

6
 ±

 9
1

.2
2
 

8
8

4
.0

7
 ±

 9
7

.3
0
 

1
2

.5
5
 

0
.0

2
5

*
 

1
.0

4
 

0
.1

5
7
 

0
.6

9
6
 

0
.0

0
7
 

R
el

a
ti

v
e 

 

P
P

O
 (

w
/k

g
) 

1
0

.1
0
 ±

 1
.0

7
 

1
1

.7
9
 ±

 1
.1

2
 

1
6

.7
3
 

0
.0

0
6

*
 

1
.5

4
 

1
1

.1
6
 ±

 0
.9

7
 

1
2

.0
4
 ±

 1
.4

9
 

7
.8

9
 

0
.1

1
2
 

0
.6

9
 

0
.7

3
6
 

0
.4

0
0
 

0
.0

3
1
 

M
ea

n
  

P
o
w

er
 (

W
) 

4
5
3
.4

6
 ±

 5
3

.4
6
 

5
5
2
.6

1
 ±

 9
4

.4
9
 

2
1
.8

7
 

0
.0

0
1
*
 

1
.2

9
 

5
4
1
.9

2
 ±

 5
9

.6
5
 

6
0
5
.8

4
 ±

 7
5

.6
9
 

1
1
.8

0
 

0
.0

1
8
*
 

0
.9

3
 

0
.0

2
0
 

0
.8

8
9
 

0
.0

0
1
 

R
el

a
ti

v
e 

 

M
P

 (
w

/k
g
) 

6
.9

4
 ±

 0
.8

3
 

7
.6

2
 ±

 0
.8

8
 

9
.8

0
 

0
.1

0
5
 

0
.7

9
 

7
.7

0
 ±

 0
.5

8
 

8
.2

4
 ±

 1
.1

3
 

7
.0

1
 

0
.1

3
7
 

0
.6

0
 

2
.6

1
4
 

0
.1

2
0
 

0
.1

0
2
 

F
a
ti

g
u

e 
 

In
d

ex
 (

%
) 

4
5
.7

6
 ±

 7
.9

2
 

4
9
.3

0
 ±

 7
.8

1
 

7
.7

4
 

0
.2

2
7
 

0
.4

5
 

4
7
.4

6
 ±

 3
.7

9
 

4
9
.3

8
 ±

 5
.5

9
 

4
.0

5
 

0
.2

4
9
 

0
.4

0
 

0
.0

1
4
 

0
.9

0
6
 

0
.0

0
1
 

6
 P

P
O

 (
W

) 

7
2

3
.0

7
 ±

 1
2
4
.5

0
 

9
5

9
.5

3
 ±

 1
7
2
.7

3
 

3
2

.7
0
 

0
.0

0
1

*
 

1
.5

7
 

8
3

3
.1

5
 ±

 7
8
.8

6
 

9
7

7
.3

8
 ±

 1
1
1
.7

8
 

1
7

.3
1
 

0
.0

0
2

*
 

0
.9

7
0
 

0
.0

2
5
 

0
.8

7
7
 

0
.0

0
1
 

T
im

e 
to

  

p
ea

k
 (

s)
 

1
.3

2
 ±

 0
.6

3
 

1
.2

9
 ±

 1
.0

4
 

−
2

.2
7
 

0
.9

0
0
 

0
.0

3
 

1
.5

3
 ±

 0
.7

9
 

1
.6

7
 ±

 0
.9

9
 

9
.1

5
 

0
.7

4
1
 

0
.1

5
 

0
.9

4
2
 

0
.3

4
2
 

0
.0

4
1
 

Abbreviation: PPO = peak power output, MP = mean power, WAnT = Wingate anaerobic test, 6PPO = six-second 

peak power output test, x̄1 = mean pre-test, x̄2 = mean post-test, Δ % = percentage change from pre to post-test, 

ηp2 = partial eta square. * Significant difference: p < 0.05 between pre- and post-test within groups.  
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Figure 3.1 Change peak power output during Wingate anaerobic and Six-second test 

in intervention (IG) and control groups (CG) (A), relative percentage change among 

variables of Anaerobic test (B) 

3.4 Effects of combined resistance training (balance and plyometric) on balance 

performance and its determining factors in young football players. 

https://doi.org/10.5334/paah.472 (Study 4) 

Thirty male young players were randomly allocated to an intervention (IG) and a control 

(CG) group. The IG (N: 15, age: 15.8 ± 1.7 years, body mass of 67.8 ± 11.9 kg, height of  

177.2 ± 5.9 cm, BMI of 21.9 ± 2.8 kg/m2), and CG (N: 15, age: 15.7 ± 0.6 years, body mass of 

69.6 ± 4.8 kg, height of 180.3 ± 5.6 cm, BMI of 21.8 ± 1.4 kg/m2). No differences between 

groups in the baseline of anthropometric characteristics (p > 0.05). The final sample size for 

analysis was reduced to 26 players: a) two players missed the post-intervention test;  

b) two participants did not fully complete this study due to injury. Obtaining an adherence rate 

of 86.67 %, the data were eligible for further analysis. 

 Effects of integrative balance and plyometric training on  

static and dynamic balance 

A significant group (IG and CG) x time (pre-and post) interaction was observed for 

static balance, with EA dominant (D) leg (F = 6.62; p = 0.017; ηp2 = 0.224) and non-dominant 

(ND) leg (F = 4.6620; p = 0.042; ηp2 = 0.167) (Table 3.6) (Annex 2). The absolute mean value 

of EA decreased significantly to 96–101 mm2 in IG (Figure 3.2A). Furthermore, significant 

interactions were found perimeter (P) of D leg (F = 18.303; p = 0.001; ηp2 = 0.443), and ND 

leg (F = 14.780; p = 0.001; ηp2 = 0.391), average anterior–posterior speed (AAPS) of D leg 

(F = 10.816; p = 0.001;ηp2 = 0.320) and ND leg (F = 10.794; p = 0.003; ηp2 = 0.436), and 

average medial-lateral speed (AMLS) of D leg (F = 10.599; p = 0.003; ηp2 = 0.315) and  

ND leg (F = 13.521; p = 0.001; ηp2 = 0.370). Within-group analysis revealed significant  

pre-to-post changes for all static balance characteristics in the IG (p = 0.001–0.045), with 

relative percentage change ranging from −10 % to −14 % (Figure 3.3A). Conversely, no 

significant change was observed in the CG after eight weeks of training routines.  
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Figure 3.2 Changes of values of the ellipse area in static balance (A), 

and total stability index in dynamic balance (B) before and after the intervention 

Significant between-groups differences were shown in total stability index (TSI) for 

D leg (F = 5.793; p = 0.025; ηp2 = 0.201) and ND leg (F = 7.675; p = 0.025; ηp2 = 0.250) 

(Figure 3.2B). Moreover, IG demonstrated improvement in total trunk deviation (TTD) for 

D leg (2.36 ± 0.67° vs. 1.91 ± 0.59°) and ND leg (2.36 ± 0.67° vs. 1.74 ± 0.72°), with 

significant interaction in D / ND leg (F = 4.506, 4.444; p = 0.045, 0.046; ηp2 = 0.164, 0.162, 

respectively). Within-group analysis showed that IG significantly improved TSI and TTD for 

D leg (∆ = from −25 % to −30 %; p = 0.013; d = 1.89), and ND leg (∆ = from −26 to −30 %; 

p = 0.007; d = 1.89). In contrast, the CG showed no significant improvements in both 

parameters (Figure 3.3 B) 
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Figure 3.3 Relative percentage changes among the variables of static balance (A), 

dynamic balance (B) before and after the intervention 

 Effects of integrative balance and plyometric training on  

the active ankle plantar and dorsiflexion range of motion 

Analysis of covariance (ANCOVA) revealed a significant group (IG and CG) x time  

(pre- and post) interaction for plantar flexion (PF) D leg (F = 4.751; p = 0.040; ηp2 = 0.171), 

and ND leg (F = 5.432; p = 0.029; ηp2 = 0.191). Similarly, a significant interaction was 
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observed for dorsiflexion (DF) in D leg (F = 5.284; p = 0.031; ηp2 = 0.187) and ND leg 

(F = 7.645; p = 0.011; ηp2 = 0.249) (Table 3.7) (Annex 2). 
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Figure 3.4 Change ROM value of plantar flexion (A), Dorsiflexion (B), and relative percentage 

change range of motion PF and DF (C) before and after the intervention 

Within-group analysis showed significant increase from pre-to-post intervention in  

the IG for PF D leg (∆ = 13 %, p = 0.027; d = 1.06) and ND leg (∆ = 12 %; p = 0.002; d = 1.05). 

The absolute mean value of DF enhanced significantly in the IG for D leg (11° ± 3° vs. 14 ± 3°) 

and ND leg (11° ± 4° vs. 15° ± 2°) (Figure 3.4A). Significant improvement in DF for D leg 

(∆ = 32 %; p = 0.001; d = 1.19) and ND leg (∆ = 29 %; p = 0.000; d = 1.27). The absolute mean 

value of DF enhanced significantly in the IG for D leg (11° ± 3° vs. 14° ± 3°) and ND leg 

(11° ± 4° vs. 15° ± 2°) (Figure 4.4B). In contrast, the CG showed no significant changes in  

the PF or DF for either the D or ND leg (p = 0.06–0.47). The percentage relative change in PF 

and DF for both groups is shown in Figure 3.4C. 

 Effects of balance and plyometric training on peak isometric shin 

muscle strength 

Pre-and post-test comparisons revealed significant improvement in the IG for peak force 

of plantar flexor (PF) muscles in the dominant (D) leg (136 ± 34 N vs. 151 ± 29 N; p = 0.01), 

and non-dominant (ND) leg (134 ± 35 N vs. 148 ± 22 N; p = 0.03) (Table 4.8) (Annex 2). 

Additionally, the IG showed a significant increase in peak torque for plantar flexion (PF)  

(4–7 N.m), dorsiflexion (DF) in both groups (3–4 N.m) (Figure 3.5 A and B). The CG also 
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demonstrated improvements in peak force and torque of the DF muscles in the D leg, and 

relative torque in both legs (p = 0.01–0.04).  
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Figure 3.5 Change value of peak torque plantar flexion (A), and peak torque dorsiflexion (B) 
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Figure 3.6 Relative percentage change of the shin muscle peak isometric force of plantar flexor 

muscles (A), and dorsiflexor muscles (B) before and after the intervention 

Pairwise comparisons indicated a significant group x time interaction for peak force of 

PF muscles in the D leg (F = 5.246; p = 0.031; ηp2 = 0.186), DF muscles in the ND leg 

(F = 5.144;p = 0.033;ηp2 = 0.183) and peak torque of DF muscles in the ND leg (F = 5.075; 

p = 0.034; ηp2 = 0.181). The changes in percentages in all parameters of the shin muscle peak 

isometric of IG and CG are shown in Figure 3.6 A and B. 

 Effects of balance and plyometric training on counter movement 

jump characteristics 

The countermovement jump (CMJ) revealed significant improvement in height jump 

(HJ) for the intervention group (IG) (∆ = 10 %; p = 0.000; d = 1.27) and control group (CG) 

(∆ = 6 %; p = 0.008; d = 0.82) (Figure 3.7A). The absolute mean values for jump height 

increased in the IG (39 ± 2cm vs. 43 ± 4cm) and CG (39 ± 3cm vs. 42 ± 3cm. Moreover,  

within-group analysis showed significant improvement in flight time (−6 %; p = 0.017; 

d = 0.82) and maximum force (∆ = 14 %; p = 0.004; d = 1.07) for the IG, but no significant 

improvement for CG. Analysis of covariance (ANCOVA) revealed no significant group and 
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time interaction for CMJ characteristics (p > 0.05). The changes in the characteristics of jumps 

in the percentage of jump performance of IG and CG were presented in Figure 3.7B. 

Table 3.9  

Countermovement jump characteristics before and after intervention 

Variables 
Intervention group Control Group ANCOVA 

x̄1 x̄2 % p d x̄1 x̄2 % p d F P ηp
2 

H
ei

g
h
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[c
m
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3
9

.1
5

 ±
 1
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 4
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0
.0
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0
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Abbreviation: x̄1 = mean pre-test, x̄2 = mean post-test, Δ % = percentage change from pre to post-test, Dominant, 

non-dominant, ηp2 = Partial eta square. * – Significant difference: p < 0.05 between pre- and post-test within 

groups; § significant difference: p < 0.05 between intervention and control groups. 
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Figure 3.7 Change value of height jump characteristics (A), and relative percentage change of all 

characteristic countermovement jump (B) before and after the intervention 

The data presented in the results section were derived from the author’s previously 

published articles. It may be causing similarities. 



 

43 

4 Discussions 

4.1 Leg muscle peak power output and explosive strength in 

young football players by playing position 

The peak power output (PPO), based on the maximum and rate of force production, was 

influenced by the growth and maturation of adolescents (Armstrong et al., 2001; Bar-Or & 

Rowland, 2004; Nobari et al., 2023). Our findings revealed that the Forward positions are 

significantly different from the midfielders (p = 0.003), with the leg muscle peak power output 

of forwards being greater than that of midfielders (195 watts higher). There was no significant 

interaction of PPO among goalkeepers, defenders, and forwards. Several prior studies reported 

different peak power outputs based on playing position (defender, forward, or goalkeeper is  

the highest), but all studies agree that the midfielder has the lowest PPO (AlTaweel et al., 2022; 

Joo & Seo, 2016; Nikolaïdis, 2014). One factor determining the influence of power production 

is body composition, including height, weight, and body mass index. In our study,  

the midfielder (height = 174cm, weight = 63 kg, BMI = 20 kg/m²) had the lowest 

anthropometric values among the groups. A study by Nikolaidis et al. (2018) proved that  

the peak power, mean power, squat and countermovement jump (p = 0.001–0.023;  

η2 = 0.34–0.37) in adults were significantly greater than in youth players, highlighting  

the influence of age on anaerobic performance. 

Vertical jump tests are commonly used to evaluate explosive lower-body strength by 

measuring jump height and mechanical power (Hübner et al., 2013). Although similar to  

the cycle ergometer test for determining peak power (Doré et al., 2008), their mechanisms differ 

and cannot be interchanged (Gross & Lüthy, 2020). The current study found no significant 

differences in vertical jump characteristics (height, flight time, and maximum force) among 

player positions (p = 0.11–0.31). These results consistently agreed with previous studies 

performed on elite Slovak football players (Pivovarniček et al., 2015), National Collegiate 

Athletic Association (NCCA) (Harry et al., 2018), and youth footballers (Silva et al., 2022), 

exhibited no significant difference in jump performance across playing positions. In line with 

a previous study by McLellan et al. (2011), we observed a positive effect of maximum force 

production on jump height, with the development of peak reaction force being a significant 

predictor of the vertical jump height. 

4.2 Static and dynamic balance by playing position 

The variation of static and dynamic balance performance was demonstrated among 

professional football players based on their playing position (Jadczak et al., 2019; Mahmoudi 

et al., 2023). Previous studies agree that midfielders have the best postural stability due to their 

ability to cover the greatest distance (approximately 19 km per game) (Baptista et al., 2018) 
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and touch the ball the most frequently when performing activities such as shooting, passing, 

and dribbling. In contrast to our study, no significant differences in static or dynamic balance 

were found according to the playing positions of young football players. We found a minor 

difference in medial-lateral sway speed among groups (p = 0.02), with goalkeepers displaying 

a lower speed (24–27 mm/s) compared to the others. This finding is consistent with that of 

Jadczak et al. (2019), who reported that the static balance of professional football players with 

their eyes open was not influenced by playing position. Furthermore, prior studies have not 

found differences in football players’ dynamic balance performance with eyes open and closed 

across playing position (Ateş, 2019; Böge & Çalişkan, 2023). As an explanation for our finding 

that the playing position does not solely influence balance ability, but rather experiences as 

football players (Teixeira et al., 2011), and the other factors, such as leg muscle strength, power, 

joint mobility, and sensorimotor function, are more important balance performance predictors, 

these characteristics continue to improve until the end of puberty. 

4.3 Identification of asymmetries between dominant (D) and nondominant (ND) leg, 

and the relationship between static and dynamic balance 

Balance performance is influenced by environmental and experimental conditions, as 

well as intrinsic factors such as body somatotype, muscle strength, awareness of body position, 

and brain hemisphere function (Cioncoloni et al., 2016; Paillard & Noé, 2020). The dominant 

leg (leg preference) is primarily used to perform movement or motor tasks that require force 

development and precision (e. g., stepping up, hooping, executing a ball, and picking up), while 

the nondominant (stance) leg supports the body (Huurnink et al., 2014). However, the effect of 

the dominant leg on single-leg postural stability depends on the specific context. Based on our 

findings in young football players: (1) There is no significant difference between the D and ND 

leg in static and dynamic balance. (2) No statistical relationship exists between static and 

dynamic balance parameters. 

The football players consistently use one leg for mobilization and the contralateral leg 

for stabilization tasks (Carey et al., 2001), where players typically use their dominant leg to 

shoot, pass, and dribble the ball, while the non-dominant leg is used to stabilise body position. 

The present study revealed no difference between both legs in static balance variables: ellipse 

area (EA), perimeter (P), average anterior-posterior (AAPS), and medial-lateral (AMLS) sway 

speed p = 0.33–0.72, and dynamic balance characteristics: total stability index (TSI), total trunk 

deviation (TTD) angle p = 0.73–0.78. Our results are in good agreement with the data observed 

by Pau et al. (2015), a negligible difference between D and ND legs in static balance  

(F (4,95) = 0.63, p = 0.641) and dynamic balance characteristics (F (6,93) = 0.80, p = 0.571) 

among Italian professional and youth league football players. Similarly to the healthy 
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population of young adults, there is no difference in unilateral postural stability between D and 

ND lower limbs (the body centre of pressure (COP) sway area p = 0.50, sway path length 

p = 0.89) (Hoffman et al., 1998), and COP speed p = 0.10 in healthy athletes (Huurnink et al., 

2014). In summary, the current study suggests that leg preference has no effect on postural 

stability in young football players. This finding confirms that effective interaction between 

lateralised neural structures is responsible for controlling stability and reducing performance 

asymmetry between legs. 

The static and dynamic balances are related to the control of the body centre of pressure 

displacement, but the two balance expressions are not interchangeable. We observed in our 

study that there was no correlation between static and dynamic balance parameters, except for 

TTD and EA (r = 0.332; p = 0.03), TTD and MLD (r = 0.335; p = 0.02), and TTD and TD 

(r = 0.423; p = 0.01). Similar results are obtained by Pau et al. (2015), revealed no correlations 

were found between static and dynamic balance characteristics except for vertical time to 

stabilization and centre of pressure displacements in the anterior-posterior direction (r = 0.29, 

p = 0.003). Maintaining dynamic balance is more challenging in conditions with a reduced base 

of support and the greater mass of the moving limb (Teixeira et al., 2013). These authors 

suggested that players’ extensive training requiring dynamic unipedal balance in different 

football-related skills leads to a general improvement in balance control, including static 

balance (Teixeira et al., 2013). In our preliminary study, we found that the result of dynamic 

balance performance was categorised as poor if the total stability index value was 2.35 or 

higher. Therefore, our next study will investigate the effect of a combined balance and 

plyometric training program on improving balance performance and its influencing factors in 

young football players. 

4.4 Effects of 8-week combined resistance training and regular training 

on anaerobic performance 

This study investigated the effect of an 8-week combined resistance exercise program 

(plyometric and self-loading) in young football players [the result of the study was presented at 

the Tartu conference, Estonia, 2024]. Intervention group (IG) demonstrated significant 

improvements in peak power output (PPO) during the 30-second Wingate Anaerobic test 

(p = 0.000, d = 1.53) and six-second peak power output test (p = 0.001, d = 1.57). Moreover, 

other anaerobic performance variables, including relative PPO and mean power (MP), also 

improved significantly (p = 0.006, and p = 0.001, respectively). Consistent with IG, CG, which 

engaged solely in standard training, exhibited enhancements in PPO for 30s WAnT (p = 0.025) 

and 6s PPO (p = 0.002). CG participants performed plyometric exercises as part of their routine 

training sessions twice per week, each lasting 45 minutes, during the winter season (November 
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to March) and once per week during the competition period (from April to October). However, 

this study did not monitor the intensity of plyometric exercises performed by the footballers 

from the CG. This finding indicated that regular football training, combined with intensive 

resistance training twice a week, led to a greater enhancement of anaerobic performance.  

Two types of RE programmes (plyometric and self-loading) induce nerve adjustments on 

neuromuscular activation levels, motor intermuscular and intramuscular coordination, and  

the elastic benefits of the stretch-shortening cycle (SSC) (Davies et al., 2015).  

In line with the current study, Assunção et al., (2018) reported that 10 weeks of  

low-volume plyometric training (2x/week) combined with traditional training significantly 

improved mean power (MP) (394.85 ± 76.62 W/kg to 452.88 ± 81.09 W/kg), and PPO 

(520.43 ± 85.31 W/kg to 577.06 ± 100.78 W/kg). This finding proves that plyometric training 

induces muscular efficiency (Spurrs et al., 2003) and lower-body maximal muscle strength  

(de Villarreal et al., 2010). Another explanation for the effect of resistance training on anaerobic 

performance is the improvement in running economy and cadence, as studied by  

Balsalobre-Fernández et al. (2016) and Booth & Orr (2016), which correlated to maximal power 

production. Moreover, plyometric combined with various form of resistance training is more 

beneficial (20 %) for improving maximal strength than stand-alone (Sáez de Villarreal et al., 

2013). Previous studies have shown that a combination of plyometric with a change of direction 

(Aloui et al., 2021; Michailidis et al., 2023), sprint interval training (Aloui et al., 2021; Ferley 

et al., 2020) improves various anaerobic assessments in young football players.  

There is no significant changes in the fatigue index (FI) for both groups (IG = 0.227 and 

CG = 0.249), indicating that while peak power output improved, the ability to sustain  

high-intensity effort throughout the 30-second WAnT remained unchanged. FI can be linked to 

football demands that involve repetitions and/or maintenance of high levels of muscle work, 

such as high-intensity running, jumping performance, and change of direction (Mohr & 

Krustrup, 2016). Therefore, future studies should consider incorporating resistance training 

focused on strength endurance, extending intervention durations, and including variations of 

plyometric exercise to enhance anaerobic power and capacity. Furthermore, to assess 

improvements in fatigue resistance resulting from the training intervention, lactate 

concentration should be included in the evaluation, which is a limitation of the current study. 

4.5 Effects of combined resistance training (balance and plyometric) on balance 

performance and its determining factors in young football players 

We conducted an eight-week combined balance and plyometric training program, which 

led to improvements in static and dynamic balance (p = 0.001–0.045, d = 0.5–1.14) in young 

players. Static balance demonstrated reduced centre of pressure (COP) displacement (EA) 
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( ± 14 %), perimeter length (P) ( ± 14 %), and decreased sway speed anterior-posterior (AP) 

and medial-lateral (ML) directions ( ± 15 %). On the other hand, dynamic balance improved: 

the total stability index (TSI) and sway trunk deviation (TTD) angle p = 0.002–0.013  

(0.62°–0.70° lower than baseline). Dafkou et al. (2021) reported a 33 % reduction in the centre 

of pressure sway after eight weeks of eccentric, balance, and core exercises incorporated into 

football routines. In line with this, improvements in AP and ML COP sway speed (with eyes 

open/closed) have been observed following proprioceptive training in taekwondo poomsae 

athletes (Yoo et al., 2018), and among individuals with functional ankle instability 

(Surakhamhaeng et al., 2020). 

Current studies provide sports equipment (e. g. wobble board, roller balance board, 

medicine ball, resistance band), variation surfaces (e. g. stable/unstable), level difficulty (Gebel, 

Prieske, et al., 2020; Schedler et al., 2020) effect to sensory components for the displacement 

of the centre of pressure, including a proprioceptive sense (i. e. somatosensory, visual, and 

vestibular systems). Progression of difficulty levels during balance training (Gebel, Lehmann, 

et al., 2020; Schedler et al., 2020), as implemented in our intervention (e. g. bipedal/unipedal 

stance, unstable/stable platform, and sway stability on roller board, with/without arm support), 

enhanced neuromuscular activation, which is necessary for balance performance. Additionally, 

the included plyometric exercises may enhance balance performance, similar to the role of 

balance training (Ramachandran et al., 2021), but with different training characteristics. 

Plyometric training induced improvement in motor control and rate of force development, 

thereby decreasing centre of pressure (COP) displacement and enhanced stability during 

specific movement.  

In the present study, following an eight-week balance and plyometric training, the active 

range of motion for plantar flexion increased by 5° (13 %), and dorsiflexion by 4° (32 %) in  

the IG (p = 0.001–0.02). Similar to a study conducted by Alahmari et al. (2021), a 6-week 

program of strength and balance exercises improved talocrural joint mobility by 3.7° (44.3 %) 

in PF and 3.5° (45.2 %) in DF among individuals with functional ankle instability (FAI). 

Current studies indicate that balance and plyometric training affect ankle proprioception by 

enhancing sensory feedback related to muscle length changes, joint position sense, and 

movement speed (Alahmari et al., 2021). This training regimen also induces muscle relaxation 

and promotes greater stretch magnitudes during balance interventions, increasing dorsiflexion 

ROM, and improved functional movement and stability (Lazarou et al., 2018). 

Maximal voluntary isometric strength of the shin muscle increased in plantar flexor 

muscle absolute peak force ± 14 N (10 %), relative peak force ± 5 N/kg (15 %), and relative 

peak torque ± 0.6 N.m/kg (14 %), with moderate effect size (p = 0.001–0.038, d = 0.45–074). 
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Moreover, IG also improved in dorsiflexion strength because the absolute peak force of the  

DF muscle increased by ± 25 N (19 %), relative peak force ± N/kg (24 %), and relative peak 

torque increased by 0.10 N.m/kg (22 %), with a large effect size. One of the most highlighted 

improvements in shin muscle isometric strength may be explained by combining stable and 

unstable platforms for balance training to enhance muscle strength and coordination, 

particularly for joint stability (Anderson & Behm, 2005). Balance training on stable and 

unstable surfaces, particularly with the addition of band resistance, improved ankle strength and 

reduced valgus deformity of the ankles (Kim et al., 2017). On the other hand, plyometric 

exercises with various jump conditions (CMJ, Hop, leap, skip) also improve force production 

and muscular coordination, which in turn affect ankle joint position sense (Huang et al., 2021). 

The current study agrees that combining plyometric and balance exercises is more effective in 

mitigating ankle joint position sense errors and enhancing neuromuscular control, compared to 

plyometric training alone (Huang et al., 2021), even for athletes with functional ankle instability 

(Park et al., 2024). 

The improvement in jump performance in our study might be attributed to plyometric 

training, which enhanced motor recruitment and the stretch-shortening cycle (SSC) (Davies 

et al., 2015; Sammoud et al., 2024). Incorporating balance and plyometric training over six 

weeks improved jump height in youth football players (p = 0.002, d = 2.21) (Muehlbauer et al., 

2019). As in the previous studies, variation of plyometric (e. g., CMJ, hurdle jump, ankle jump, 

lateral hops) and balance (e. g. standing or squatting on single/ bilateral on a Swiss ball) 

exercises led to improvements in jump performance in young footballers within the eight-week 

intervention (Chaouachi et al., 2017; Hammami et al., 2016; Makhlouf et al., 2018). Plyometric 

training on a stable surface improved neuromuscular adaptation (Granacher & Behm, 2023), 

including enhanced motor unit recruitment, optimised synergistic muscle activation, and 

reduced antagonistic muscle activity (Markovic & Mikulic, 2010). 

4.6 Strengths and limitations of the study 

The present study expands the existing knowledge and aims to fill the gap regarding  

the impact of resistance exercise on anaerobic and balance performance and its influencing 

factors in the lower leg. With respect to balance ability, balance and coordination skills are not 

fully mature in children (Behm et al., 2010). Therefore, balance training may serve as  

an important preliminary phase to enhance movement stability, muscular strength, and power 

when combined with plyometric exercises. A key strength of this study lies in its contribution 

to improving balance performance, supported by the positive effects of ankle range of motion 

and peak isometric shin muscle strength. The present study also dealt with the influence of 
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integrating self-loading and plyometric training on anaerobic performance. Furthermore,  

the interventions lead to improvements in peak and mean power output, as well as jump 

performance. The findings of the present research suggest that balance training can be 

performed for 30–40 seconds per exercise, 2–3 repetitions per balance exercise, on both 

unstable and stable platforms, using resistance bands and a medicine ball in static and dynamic 

conditions. Plyometric exercises may be performed in 2–3 sets of 6–10 repetitions, using 

bipedal and unipedal stances, with approximately 60–140 ground contacts per session, twice 

per week on alternate days, with intensity and difficulty progressively increased every two 

weeks.  

Nevertheless, there are several limitations of the study that need to be mentioned as 

follows: 

1 Study 1. Balance and anaerobic performance according to playing position. This 

study involves only young male players aged 14-16 years and categorized them into 

4 playing positions: GK, DEF, MD and F. 

2 Study 2. Identification of interlimb asymmetries in young football players. Only 

static and dynamic balance assessments are used to determine interlimb asymmetry 

during one-leg stance . To enhance understanding of asymmetry in balance 

performance, additional assessments such as ankle range of motion, peak isometric 

ankle strength, and lower-body explosive strength (e. g., jump tests) should be 

considered. 

3 Study 3. Effects of 8-week regular training on anaerobic performance. A blood 

lactate concentration was not measured during the 30-second Wingate Anaerobic 

test. By analysing blood lactate concentration and ventilatory threshold, researchers 

can investigate varied factors in blood levels and breathing to pinpoint the critical 

exercise intensity at which a player can sustain maximum effort for an extended 

period. 

4 Study 4. Combined balance and plyometric training improves balance, ankle 

mobility, and jump performance. The study was conducted an intensive 8-week 

mesocycle intervention, which did not assess the long-term effects of balance and 

plyometric training. Furthermore, electromyography (EMG) to assess muscle 

activation and electroencephalography (EEG) to evaluate postural sway and cortical 

activity were not utilized. 

Future studies should consider including participants with varying characteristics  

(age, training experience, competition level), a larger sample size, and longer period of 

intervention to investigate long-term training effect. Methodological assessment, such as 
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electromyography (EMG) to analyse muscle activation pattern, and isokinetic ankle strength 

should be incorporated. Additional physiological measures, such as blood lactate concentration, 

and football-specific field tests, such as the Running-Based Anaerobic Sprint Test (RAST), 

should be included to assess anaerobic performance. 
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Conclusions 

1 The literature review identified fourteen studies examining the effects of resistance exercise 

on anaerobic and balance performance in young football players. The evidence indicates that 

combined RE programs, particularly integrating plyometric with regular football training 

significantly improve anaerobic performance and balance-related variables. High-quality 

studies suggested that optimal adaptations occur following approximately eight weeks of 

training, performed 2–3 times per week on non-consecutive days, at moderate-to-high 

intensity, with a volume of 2–3 sets of 6–12 repetitions per exercise. Overall, these findings 

confirm that integrating RE into regular football training enhances key performance 

components, including sprinting, jumping, and change-of-direction ability, while also 

improving balance, as evidenced by reductions in centre-of-pressure displacement and 

postural sway. 

2 Anaerobic and balance performance according to playing position. 

a. PPO significantly differed significantly among playing positions, with forwards position 

demonstrating significantly higher PPO compared to midfielders. 

b. No significant differences were observed among four playing position groups in CMJ 

variables including peak force production, height jump, and flight time. 

c. Although GK position demonstrates slower average medial-lateral speed (AMLS) than  

F position, overall, all groups have similar static and dynamic balance characteristics. 

d. To improve anaerobic and balance performance in young players, these findings suggest 

that RE programs including duration, intensity, volume, set and repetition can be designed 

in a generalized manner for all players, regardless of playing position.  

3 Identification of asymmetries between the dominant (D) and nondominant (ND) legs in 

young football players and the relationship between static and dynamic balance. 

a. Young players in this study showed symmetrical between both legs, with no significant 

differences between D and ND legs in static and dynamic balance. 

b. However, the pre-assessment revealed that participants experienced limited dynamic 

balance proficiency (TSI=2.35). Therefore, the design of RE intervention should be 

included balance, core stability, or proprioceptive training to improve overall balance 

quality. 

c. As static and dynamic balance was uncorrelated, both components should be evaluated 

separately to provide comprehensive information about balance proficiency in young 

population.  
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4 Effects of 8-week combined RE programs integrating self-loading, balance and plyometric 

on anaerobic and balance performance. 

a. The combined RE program (self-loading and plyometric training) alongside regular 

football training significantly enhanced anaerobic performance in young football players, 

as evidenced by improvements in peak power output (PPO) and mean power (MP).  

b. However, no significant changes were observed in fatigue index (FI), indicating that 

while peak power output improved, the ability to sustain high-intensity effort throughout 

the 30-second WAnT remained unchanged. 

c. The combined balance and plyometric training program significantly improved static and 

dynamic balance in young football players, as evidenced by reductions in centre of 

pressure (COP) displacement, sway speed, and improved trunk stability. 

d. Improvements in ankle range of motion and peak isometric strength of plantar and 

dorsiflexion muscles further support the effectiveness of RE in enhancing neuromuscular 

function and proprioceptive feedback. 

e. The integration of plyometric training improved vertical jump performance through 

increased motor unit recruitment and stretch-shortening cycle efficiency. 

Practical recommendation 

This study provides scientific validation for the implementation of intensive RE within  

a structured training program, emphasizing an appropriate dose-response relationship for young 

football players. Coaches are recommended to implement RE programs including balance,  

self-loading, and plyometric training based on an integrative neuromuscular training approach 

with multifarious movement to improve balance and anaerobic performance in young athletes 

aged 14–16 years. To sustain performance improvements, coaches are encouraged to apply 

similar this RE protocols during the preseason, followed by appropriate adjustments in training 

frequency, volume, intensity, and duration throughout the competitive season. 

Prior to implementing balance and plyometric training protocols, practitioners are advised 

to conduct preliminary assessments to evaluate symmetry between dominant and non-dominant 

limbs and to determine an appropriate RE dose-response relationship. In addition, strength and 

conditioning practitioners should emphasize integrative neuromuscular training approaches 

rather than isolated training programs based on playing position.  
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Proposals 

This study proposes an integrated resistance exercise (RE) approach that combines  

self-loading, plyometric, and balance training to enhance anaerobic performance and 

neuromuscular function in young football players. The proposed RE program consists of  

an 8-week intervention, with sessions performed twice weekly on non-consecutive days.  

Each session included 2–4 sets of 6–15 repetitions at moderate to high intensity and lasted 

approximately 30–40 minutes. Progressive overload was applied by systematically increasing 

intensity, volume, level of difficulty, and duration every two weeks. 

The integration of self-loading resistance with balance and plyometric training 

demonstrated improvements in balance, ankle range of motion, shin muscle isometric strength, 

and jump performance in young football players. Furthermore, the combined self-loading and 

plyometric improved peak power output and mean power but did not significantly affect fatigue 

index. Future research should examine additional training components, such as repeated sprint 

or additional strength endurance training, to further enhance fatigue resistance.  

If balance and plyometric exercises are conducted in a single training session, balance 

exercises should be performed before plyometric to optimize functional movement and enhance 

proprioceptive afferent responses, thereby promoting faster and greater neuromuscular 

activation during plyometric exercises. 
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Annex 1 

Description: balance and plyometric training 

 

Materials for 

balance training 

Week 

1, 2 

Week 

3, 4 

Week 

5, 6 

Week 

7, 8 
Training descriptions 

Static and dynamic balance 

Medicine ball 1.5 Kg 

+ hoops  

(static balance 

performance, core 

stabilization +  

leg muscle strength 

endurance)  

 

2 × 40s 3 × 40s 2 × 30s 3 × 30s Semi-squat position on one or both legs while 

holding a medicine ball. Place both legs together or 

stand on a single leg. Stand in a semi-squat position 

(knee flexion angle to 45°). The head, neck, and back 

should be in line. The head should be straight, and  

the gaze should be forward. Hold a medicine ball with 

both hands in front of the body for some time, and  

the eyes should be open.  

Medicine ball 1.5 Kg 

(dynamic balance, 

core stabilization) 

 

2 × 40s 3 × 40s 2 × 30s 3 × 30s Squat while throwing the medicine ball vertically 

upwards, then stand up and catch the ball. Stand 

with feet positioned at shoulder-width to produce 

maximum power. The position of the head, neck, and 

back should be in one line. Bend the hip and knee 

joints to 90° (squat position) and return to a stabilized 

position while throwing the medicine ball vertically. 

Use the core, shoulders, and arms to throw the ball, 

engaging your core muscles. 

Balance wobble board 

+ resistance band 

(dynamic balance) 

 

2 × 30s 3 × 30s 2 × 40s 3 × 40s Standing and keeping a balanced position on  

the balance wobble board with a resistance band 

positioned around the thighs above the knee.  

Put on a resistance band around the thighs above  

the knees and stand on both feet on the balance 

wobble board. Bend the hip and knee joints to 40°. 

Keep the back straight. Distribute the weight on  

the body’s center of pressure.  

Balance board + roller 

+ resistance band 

(dynamic balance) 

 

2 × 30s 3 × 30s 2 × 40s 3 × 40s Standing and keeping a balanced position on  

the roller balance board with a resistance band 

positioned around the shins below the knee.  

Put on a resistance band around the shins below  

the knees and stand on both feet on the balance 

wobble board. Bend the hip and knee joints to 45° 

(squat position). Keep the back straight. Sway your 

body sideways for some time. Shift your weight from 

side to side to move the board in those directions.  

Materials for 

plyometric training 

Week 

1, 2 

Week 

3, 4 

Week 

5, 6 

Week 

7, 8 
Training descriptions 

Plyometric training 

Hurdle jump++ 

resistance band.  

(leg muscle  

explosive power) 

 

2 × 8 

 

2 × 10 

 

3 × 8 3 × 10 Counter-movement jump on both legs over  

the hurdle. Start with hip-width feet apart and knees 

slightly bent. Jump forward and backwards over  

the hurdles. In the landing phase, bend ankles, knees, 

and hips to absorb impact energy. 

Hurdle  

(leg muscle  

explosive power) 

 

2 × 8 

 

2 × 10 

 

3 × 8 3 × 10 Lateral hurdle hop. Perform the jump by pushing off 

the right foot to land on the left foot above the hurdle, 

and vice versa. In the landing phase, bend ankles, 

knees, and hips to absorb the impact energy.  

Cone triangle hop 

(Displace the triangle 

cones by a distance  

of 1 m) 

(leg muscle  

explosive power) 

 

2×6/leg 

 

2×8/leg 

 

3×4/leg 3×5/leg Single leg jumps forward and backwards, and side 

to side in front of the cone. Jump forward by taking 

off on one leg and landing on the opposite leg in front 

of the cone. Bend your knee to 900 to touch the cone 

with the knee of the landed leg while the opposite leg 

hangs. Jump backwards to the starting point. Second 

step: hop to the right from one leg to the other, then 

hop to the left. Repeat the hops starting with  

the opposite leg.  

Skipping Rope  

(leg muscle explosive 

power) 

 

Na Na 3 × 30s 2 × 40s Skipping rope with single and both legs. Stand  

with both legs in the middle of the rope. Feet are  

shoulder-width apart. Jump with a consistent bound 

and steady rhythm. Use wrists to swing the rope over 

the head. Align the upper body, hips, knees, and feet. 

Keep the pelvis horizontal. Continue skipping rope on 

the right and left leg, respectively.  
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Annex 2 

Table 4.6 

Static and dynamic balance value before and after intervention 

Variables 
Intervention groups Control groups ANCOVA 

x̄1 x̄2 % p d x̄1 x̄2 % p d F p ηp
2 

Static Balance 

E
ll

ip
se

 a
re

a
 

[m
m

²]
 D

 

7
4

1
.9

4
 ±

 1
7

1
.4

9
 

6
4

5
.4

2
 ±

 1
6

6
.9

5
 

−
1

3
.0

1
 

0
.0

3
3
*
 

0
.5

7
 

7
4

6
.9

5
 ±

 1
7

2
.7

3
 

7
9

9
.5

6
 ±

 1
7

9
.2

7
 

7
.0

4
 

0
.3

3
1
 

0
.2

9
 

6
.6

2
0
 

0
.0

1
7

§
 

0
.2

2
4
 

N
D

 

6
9

9
.2

8
 ±

 1
4

5
.3

 

5
9

8
.7

0
 ±

 1
1

7
.7

6
 

−
1

4
.3

8
 

0
.0

4
5
*
 

0
.7

6
 

6
8

4
.3

9
 ±

 1
5

6
.7

6
 

7
2

3
.4

2
 ±

 1
7

2
.7

5
 

5
.7

0
 

0
.5

4
9
 

0
.2

3
 

4
.6

2
2
 

0
.0

4
2

§
 

0
.1

6
7
 

P
er

im
et

er
  

[m
m

] 
D

 

1
2
5
9
.7

7
 ±

 1
6
9
.3

3
 

1
0
8
1
.7

5
 ±

 1
3
8
.9

 

−
1
4
.1

3
 

0
.0

0
1

*
 

1
.1

4
 

1
2
7
1
.8

7
 ±

 1
6
2
.8

7
 

1
2
9
5
.5

6
 ±

 1
5
5
.0

8
 

1
.8

6
 

0
.6

4
1
 

0
.1

4
 

1
8
.3

0
3
 

0
.0

0
1

§
 

0
.4

4
3
 

N
D

 

1
2
1
3
.6

8
 ±

 1
8
7
.1

 

1
0
3
7
.4

4
 ±

 1
6
6
.8

5
 

−
1
4
.5

2
 

0
.0

0
1

*
 

0
.9

9
 

1
2
8
2
.2

1
 ±

 2
0
1
.0

4
 

1
2
8
8
.1

3
 ±

 1
8
1
.3

3
 

0
.4

6
 

0
.9

0
8
 

0
.0

3
 

1
4
.7

8
0
 

0
.0

0
1

§
 

0
.3

9
1
 

A
n

te
ri

o
r
-

P
o
st

er
io

r 

S
p

ee
d

 

[m
m

/s
] 

D
 

2
4
.7

0
 ±

 4
.1

4
 

2
1
.6

5
 ±

 3
.7

 

−
1
2
.3

7
 

0
.0

1
5

*
 

0
.7

7
 

2
5
.4

4
 ±

 4
.8

 

2
8
.1

4
 ±

 6
 

1
0
.5

9
 

0
.1

7
2
 

0
.4

9
 

1
0
.8

1
6
 

0
.0

0
3

§
 

0
.3

2
0
 

N
D

 

2
3

.9
9
 ±

 3
.6

2
 

2
0

.1
9
 ±

 3
.3

2
 

−
1

5
.8

4
 

0
.0

0
1
*
 

1
.0

9
 

2
5

.3
7
 ±

 6
.1

4
 

2
7

.2
4
 ±

 5
.1

3
 

7
.3

8
 

0
.3

1
2
 

0
.3

3
 

1
7

.7
9

4
 

0
.0

0
1

§
 

0
.4

3
6
 

M
ed

ia
l-

L
a

te
ra

l 

S
p

ee
d

 

[m
m

/s
] 

D
 

2
8

.8
5

 ±
 3

.2
7
 

2
5

.8
8

 ±
 4

.2
3
 

−
1

0
.2

9
 

0
.0

2
3

*
 

0
.7

8
 

3
0

.2
4

 ±
 5

.6
9
 

3
3

.1
5

 ±
 6

.5
5
 

9
.6

2
 

0
.2

8
6
 

0
.4

7
 

1
0

.5
9

9
 

0
.0

0
3

§
 

0
.3

1
5
 

N
D

 

2
7
.5

6
 ±

 6
.5

7
 

2
3
.6

5
 ±

 4
.1

7
 

−
1
4
.2

0
 

0
.0

3
8

*
 

0
.7

1
 

2
7
.8

2
 ±

 8
.5

5
 

3
1
.2

3
 ±

 6
.0

5
 

1
2
.2

3
 

0
.2

5
8
 

0
.4

5
 

1
3
.5

2
1
 

0
.0

0
1

§
 

0
.3

7
0
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Annex 2 continued 

Table 4.6 continued  

Variables 
Intervention groups Control groups ANCOVA 

x̄1 x̄2 % p d x̄1 x̄2 % p d F p ηp
2 

Dynamic Balance 

T
o

ta
l 

st
a

b
il

it
y

 

in
d

ex
 [

°]
 D

 

2
.2

9
 ±

 0
.6

3
 

1
.5

9
 ±

 0
.7

4
 

−
3

0
.2

9
 

0
.0

0
2
*
 

1
.0

1
 

2
.3

3
 ±

 0
.9

 

2
.3

4
 ±

 0
.8

7
 

0
.4

3
 

0
.9

9
4
 

0
.0

1
 

5
.7

9
3
 

0
.0

2
5

§
 

0
.2

0
1
 

N
D

 

2
.1

5
 ±

 0
.7

9
 

1
.5

0
 ±

 0
.4

4
 

−
3

0
.4

1
 

0
.0

1
3

*
 

1
.0

2
 

2
.1

7
 ±

 0
.8

2
 

2
.2

7
 ±

 0
.7

8
 

4
.8

9
 

0
.7

7
1
 

0
.1

2
 

7
.6

7
5
 

0
.0

1
1

§
 

0
.2

5
0
 

T
ru

n
k

 

T
o

ta
l 

D
ev

ia
ti

o
n

 

[°
] 

D
 

2
.5

6
 ±

 0
.6

7
 

1
.9

1
 ±

 0
.5

9
 

−
2

5
.5

9
 

0
.0

1
3
*
 

1
.0

3
 

2
.6

0
 ±

 0
.9

9
 

2
.7

0
 ±

 1
.4

9
 

4
.0

0
 

0
.7

2
1
 

0
.0

8
 

4
.5

0
6
 

0
.0

4
5

§
 

0
.1

6
4
 

N
D

 

2
.3

6
 ±

 0
.6

7
 

1
.7

4
 ±

 0
.7

2
 

−
2
6
.1

4
 

0
.0

0
7

*
 

0
.8

9
 

2
.3

7
 ±

 0
.9

7
 

2
.5

0
 ±

 1
.3

8
 

5
.3

5
 

0
.6

8
5
 

0
.1

3
 

4
.4

4
4
 

0
.0

4
6

§
 

0
.1

6
2
 

Abbreviation: x̄1 = mean pre-test, x̄2 = mean post-test, % = percentage change from pre to post-test, d = Cohen, 

D = Dominant, ND = Non-dominant, ηp2 = Partial eta square. * – Significant difference: p < 0.05 between  

pre- and post-test within groups; § significant difference: p < 0.05 between intervention and control groups. 

Table 4.7 

Plantar and dorsiflexion values before and after intervention 

Variables 
Intervention groups Control Group ANCOVA 

x̄1 x̄2 % p d x̄1 x̄2 % p d F p ηp
2 

P
F

 [
°]

 D
 

4
2
.5

1
 ±

 5
.0

9
 

4
7
.7

1
 ±

 4
.7

6
 

1
2
.2

2
 

0
.0

0
2

*
 

1
.0

5
 

4
2
.4

9
 ±

 5
.7

 

4
3
.9

0
 ±

 3
.7

2
 

3
.3

2
 

0
.4

7
4
 

0
.2

9
 

5
.4

3
2
 

0
.0

2
9

§
 

0
.1

9
1
 

N
D

 

4
3

.1
1

 ±
 6

.6
1
 

4
8

.8
5

 ±
 3

.8
1
 

1
3

.3
1
 

0
.0

2
7

*
 

1
.0

6
 

4
2

.4
7

 ±
 5

.3
8
 

4
4

.5
3

 ±
 5

.8
5
 

4
.8

3
 

0
.3

2
2
 

0
.3

6
 

4
.7

5
1
 

0
.0

4
0

§
 

0
.1

7
1
 

D
F

 [
°]

 D
 

1
1
.0

7
 ±

 2
.5

1
 

1
4
.3

2
 ±

 2
.5

7
 

2
9
.3

7
 

0
.0

0
1

*
 

1
.2

7
 

1
0
.9

9
 ±

 2
.7

5
 

1
2
.0

9
 ±

 2
.2

5
 

9
.9

9
 

0
.1

3
4
 

0
.4

3
 

7
.6

4
5
 

0
.0

1
1

§
 

0
.2

4
9
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Annex 2 continued 

Table 4.7 continued 

Variables 
Intervention groups Control Group ANCOVA 

x̄1 x̄2 % p d x̄1 x̄2 % p d F p ηp
2 

N
D

 

1
1

.3
9
 ±

 3
.5

5
 

1
5

.0
3
 ±

 2
.4

1
 

3
2

.0
3
 

0
.0

0
1
*
 

1
.1

9
 

1
0

.2
8
 ±

 3
.2

9
 

1
2

.0
5
 ±

 2
.5

7
 

1
7

.2
9
 

0
.0

6
7
 

0
.5

9
 

5
.2

8
4
 

0
.0

3
1

§
 

0
.1

8
7
 

Abbreviation: PF = Plantar flexion, DF = Dorsiflexion x̄1 = mean pre-test, x̄2 = mean post-test, % = percentage 

change from pre to post-test, d = Cohen, D = Dominant, ND = Non-dominant, ηp2 = Partial eta square. * – 

Significant difference: p < 0.05 between pre- and post-test within groups; § significant difference: p < 0.05 between 

intervention and control groups. 

Table 4.8 

Shin muscle peak isometric force and torque values before and after intervention 

Variables 
Intervention group Control Group ANCOVA 

x̄1 x̄2 % p d x̄1 x̄2 % p d F p ηp
2 

Plantar flexion 

P
ea

k
 f

o
rc

e
  

[N
] 

D
 

1
3
6
.3

2
 ±

 3
3
.7

9
 

1
5
0
.5

2
 ±

 2
9
.0

4
 

1
0
.4

2
 

0
.0

0
6

*
 

0
.4

5
 

1
3
6
.7

1
 ±

 2
2
.2

5
 

1
4
2
.3

0
 ±

 2
3
.3

5
 

4
.0

9
 

0
.2

5
3
 

0
.2

4
 

5
.2

4
6
 

0
.0

3
1

§
 

0
.1

8
6
 

N
D

 

1
3
3
.5

0
 ±

 3
5
.0

4
 

1
4
7
.8

1
 ±

 2
2
.3

5
 

1
0
.7

2
 

0
.0

3
8

*
 

0
.4

8
 

1
3
3
.7

0
 ±

 2
3
 

1
3
8
.3

4
 ±

 1
4
.6

6
 

3
.4

7
 

0
.4

3
3
 

0
.2

4
 

3
.0

9
6
 

0
.0

9
2
 

0
.1

1
9
 

P
ea

k
 t

o
rq

u
e 

[N
∙m

] 
D

 

2
7
.9

3
 ±

 6
.3

 

3
2
.2

3
 ±

 6
.0

2
 

1
5
.3

8
 

0
.0

0
1

*
 

0
.6

9
 

2
8
.9

4
 ±

 5
.8

3
 

3
1
.0

0
 ±

 6
.0

4
 

7
.1

1
 

0
.1

0
1
 

0
.3

4
 

2
.1

5
6
 

0
.1

5
6
 

0
.0

8
6
 

N
D

 

2
7

.3
7
 ±

 6
.7

7
 

3
1

.6
6
 ±

 4
.5

6
 

1
5

.6
8
 

0
.0

0
5
*
 

0
.7

4
 

2
8

.2
7
 ±

 5
.7

4
 

3
0

.0
5
 ±

 3
.8

8
 

6
.3

1
 

0
.2

3
2
 

0
.3

6
 

2
.3

4
7
 

0
.1

3
9
 

0
.0

9
3
 

R
el

a
ti

v
e 

p
ea

k
 

to
rq

u
e 

[N
∙m

/k
g

] 

D
 

0
.4

6
 ±

 0
.1

1
 

0
.5

2
 ±

 0
.1

0
 

1
4

.1
8
 

0
.0

0
1
*
 

0
.6

2
 

0
.4

6
 ±

 0
.1

0
 

0
.5

1
 ±

 0
.1

3
 

1
1

.7
4
 

0
.1

6
4
 

0
.4

6
 

0
.1

6
0
 

0
.6

9
3
 

0
.0

0
7
 

N
D

 

0
.4

5
 ±

 0
.1

1
 

0
.5

1
 ±

 0
.0

9
 

1
4
.3

6
 

0
.0

1
3

*
 

0
.5

6
 

0
.4

5
 ±

 0
.1

 

0
.4

9
 ±

 0
.1

1
 

1
0
.5

6
 

0
.1

3
9
 

0
.4

5
 

0
.2

6
8
 

0
.6

1
0
 

0
.0

1
2
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Annex 2 continued 

Table 4.8 continued 

Variables 
Intervention group Control Group ANCOVA 

x̄1 x̄2 % p d x̄1 x̄2 % p d F p ηp
2 

Dorsiflexion 

P
ea

k
 f

o
rc

e 

[N
] 

D
 

1
3

5
.2

3
 ±

 2
7

.7
1
 

1
6

0
.6

6
 ±

 2
7

.8
3
 

1
8

.8
0
 

0
.0

0
1
*
 

0
.9

1
 

1
3

6
.1

9
 ±

 1
5

.9
9
 

1
5

1
.6

5
 ±

 2
6

.2
9
 

1
1

.3
5
 

0
.0

4
9
*
 

0
.7

1
 

1
.4

3
4
 

0
.2

4
3
 

0
.0

5
9
 

N
D

 

1
3

1
.3

2
 ±

 2
8

.3
4
 

1
5

7
.5

3
 ±

 3
2

.4
1
 

1
9

.9
6
 

0
.0

0
1
*
 

0
.8

6
 

1
3

3
.3

8
 ±

 2
1

.0
6
 

1
4

2
.7

0
 ±

 2
2

.3
5
 

6
.9

9
 

0
.1

1
9
 

0
.4

2
 

5
.1

4
4
 

0
.0

3
3

§
 

0
.1

8
3
 

P
ea

k
 t

o
rq

u
e 

[N
∙m

] 
D

 

2
7
.8

7
 ±

 5
.8

4
 

3
4
.4

3
 ±

 5
.7

0
 

2
3
.5

1
 

0
.0

0
1

*
 

1
.1

3
 

2
8
.7

2
 ±

 3
.8

0
 

3
2
.9

5
 ±

 6
.1

4
 

1
4
.7

4
 

0
.0

1
4

*
 

0
.8

2
 

1
.4

3
5
 

0
.2

4
3
 

0
.0

5
9
 

N
D

 

2
7
.0

1
 ±

 5
.7

8
 

3
3
.7

2
 ±

 6
.5

2
 

2
4
.8

4
 

0
.0

0
1

*
 

1
.0

8
 

2
8
.1

4
 ±

 4
.8

1
 

3
1
.0

9
 ±

 5
.7

7
 

1
0
.4

7
 

0
.0

2
5

*
 

0
.5

5
 

5
.0

7
5
 

0
.0

3
4

§
 

0
.1

8
1
 

R
el

a
ti

v
e
 p

ea
k

 

to
rq

u
e 

[N
∙m

/k
g
] 

D
 

0
.4

5
 ±

 0
.0

8
 

0
.5

5
 ±

 0
.0

9
 

2
2
.8

1
 

0
.0

0
1

*
 

1
.2

1
 

0
.4

5
 ±

 0
.0

7
 

0
.5

4
 ±

 0
.1

2
 

1
9
.1

9
 

0
.0

1
2

*
 

0
.9

1
 

0
.1

9
1
 

0
.6

6
6
 

0
.0

0
8
 

N
D

 

0
.4

3
 ±

 0
.0

7
 

0
.5

4
 ±

 0
.0

9
 

2
4
.2

2
 

0
.0

0
1

*
 

1
.3

2
 

0
.4

4
 ±

 0
.0

7
 

0
.5

1
 ±

 0
.1

3
 

1
5
.6

6
 

0
.0

2
9

*
 

0
.6

7
 

1
.0

2
8
 

0
.3

2
1
 

0
.0

4
3
 

Abbreviation: x̄1 = mean pre-test, x̄2 = mean post-test, % = percentage change from pre to post-test, d = Cohen, 

Dominant, non-dominant, ηp2 = Partial eta square. * – Significant difference: p < 0.05 between pre- and post-test 

within groups; § significant difference: p < 0.05 between intervention and control groups. 
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Annex 3 

Ethics Committee Permission approved by 
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Annex 4 

Assertion agreement 
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Annex 5 

Form data collection  
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Annex 6 continued 
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Annex 6 continued 
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Annex 6 continued 
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