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Background: The resistance exercises underpin the strength and power development of muscle
activation in adolescent footballers. Objective: The study purposed to review the effectiveness
of different resistance exercise models on improving anaerobic and balance characteristics
among young football players. Methods: A systematic search of Scopus, SPORT Discus,
and the Web of Science was undertaken to identify the study content using a combination of
searches related to resistance exercise, balance, and anaerobic performance. Titles and abstracts
were used to search for keywords, and data were extracted using the subject characteristics,
training intervention, measurement, and outcomes. Results: Fourteen studies were identified
that investigated the effects of resistance programs on the anaerobic and balance characteristics.
A combination of plyometric and regular football training significantly improved the anaerobic
characteristics, and balance performance in young footballers. Based on high-quality evidence,
anaerobic and balance performance enhancement appears after conducting resistance exercises
for approximately eight weeks, with two to three sessions on alternate days a week. The
volume consists of 2-3 sets per exercise, 6-12 repetitions per set, and intensity was classified
as moderate to high, with one repetition maximum. Conclusion, Integrating resistance exercise
into the regular training sessions improves the anaerobic performance of young footballers, such
as jumping, sprinting, and changing direction, while improving balance ability, indicated by
reducing the center of pressure area side-asymmetry and sway speed during unipedal and bipedal

leg stance.

Key words: Resistance Exercise, Anaerobic, and Balance Performance, Young Football

Players

INTRODUCTION

Resistance exercise has been a priority of attention for improv-
ing physical performance and preventing injury in young ath-
letes. Resistance training is defined as a training method that
focuses on gradually increasing levels of resistance and using
different training types to improve overall health, fitness, and
athletic performance (Faigenbaum et al., 2009; Harries et al.,
2012; Lloyd et al., 2014; Zwolski et al., 2017). Moreover,
resistance exercise intervention is related to changing teenag-
ers’ body composition, physical fitness, and lifestyle behavior
(Duarte Junior et al., 2024). The effectiveness of various resis-
tance exercises, levels of resistance, numbers of sets and repe-
tition, and the interval between sets of work (Gonzalez-Badillo
et al., 2015; Naclerio et al., 2013) have proved to enhance and
maintain the physical and physiological adaptation of adoles-
cent athletes (Harries et al., 2012).

Implementing resistance exercise into regular training
can considerably affect the physical demands of football
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players (Fernandez-Galvan et al., 2022; Nuifiez et al., 2022).
For instance, a combination of resistance exercises enhanced
muscle strength in various jumps and sprints (linear or
changing direction) for young footballers (Otero-Esquina
et al., 2017; Zghal et al., 2019). Furthermore, several train-
ing methodologies have been employed to improve body
composition (Suarez-Arrones et al., 2019), vertical jump,
and sprinting abilities by using a combination of plyomet-
ric (Falces-Prieto et al., 2021), jumping, sprinting, and peak
power in power training (Loturco et al., 2020), and electro-
stimulation to improve jumping and kicking skills (Billot
etal., 2010).

As mentioned above, consistent scientific studies have
revealed that resistance exercise positively impacts ado-
lescent athletes’ muscular power and motor skill perfor-
mance. Developing muscular strength to enhance anaerobic
performance (Nikolaidis et al., 2018) and postural balance
(Steinberg et al., 2016) is crucial throughout the puberty
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phase. Nobari et al. (2021) raised attention to the evidence
that anaerobic profiles might substantially impact the per-
formance of elite young football players. Football matches
require the performance of anaerobic characteristics like
sprints, jumps, and cutting maneuvers (Evangelos et al.,
2016). Anaerobic capacity and power play a crucial role,
where high-intensity action occurs 150 to 250 times through-
out a match (AlTaweel et al., 2022; Bangsbo et al., 2007).

Along with anaerobic characteristics, balance is import-
ant for successful actions and technique in a football match
(Butler et al., 2012). Balance performance is needed for
duels with opponents, maintaining balance on a slippery
field, adjusting to the ball’s trajectory, and changing direc-
tion (Evangelos et al., 2012). Studies by Bishop et al. (2018),
Brown et al. (2018), Paillard (2017), and Zemkova and
Zapletalova (2022) have shown that football players who
can maintain their balance on the field are better in their
match performance, minimizing injuries and falling during
games. The strong correlation between anaerobic parameters
and balance performance (Cinarli et al., 2022; Falces-Prieto
et al., 2022; Lockie et al., 2018; Wilczynski et al., 2021)
emphasizes the crucial role of lower limb strength and
power. Furthermore, repetitive anaerobic activities can lead
to general and localized fatigue, which can subsequently
cause disruptions in balance performance (Pau et al., 2014;
Steinberg et al., 2016).

The current review (Martinez-Perez & Vaquero-Cristobal,
2021) revealed that resistance training enhances preadoles-
cent and adolescent football players’ physical performance.
Plyometric training, followed by strength and isoinertial
training, has emerged as the predominant type of exercise
for football players due to its effectiveness in enhancing their
physical development and motor skills. Based on our current
understanding, there has yet to be a review of the optimiza-
tion of anaerobic and balance performance through exercise
intervention. Thus, this review aimed to review the resis-
tance exercise model’s effectiveness in improving young
football players’ anaerobic and balance characteristics.

METHODS

Research Design and Ethics

The systematic review was registered on PROSPERO-
CRD42024572885  (https://www.crd.york.ac.uk/prospero/
display_record.php?RecordID=572885) and completed fol-
lowing the PRISMA criteria.

Literature Search

The systematic review search of the Scopus, Sport Discus,
and WOS databases covered papers published in the last five
years. Papers meeting the criteria were considered for inclu-
sion until December 31%, 2023. The search method used by
the operators AND OR, along with the following keywords:
(“resistance training” OR “strength training” OR “traditional
exercise” OR “weight training” OR “ballistic exercise” OR
“plyometric training” OR “eccentric training” OR “weight
lifting” OR “Olympic exercise” AND (“Static balance” OR

“Dynamic Balance” OR “Balance “star excursion” OR
“Y-balance test” OR “Romberg test” OR “single-leg stance”
OR “limits of stability” OR “postural stability” OR “timed
up and go”’) AND (“anaerobic power” OR “anaerobic capac-
ity” OR” peak power” OR “sprint test” OR “vertical jump”
OR “counter movement jump” OR “squat jump” OR “Win-
gate test”) AND (“football” OR “soccer” OR “young” OR
“Adolescent” OR “Children” OR “Youth” OR “Teenager”
OR “boys”). The studies were restricted to the full-text orig-
inal articles written in English.

The references to systematic reviews found in the data-
base were searched manually and carefully. We looked for
articles and published randomized, multi-arm-controlled
trials in all resistance exercise types and their impact on
anaerobic and balance characteristics in young football play-
ers. The retrieved literature was imported into Mendeley
reference manager 1.19.8 to eliminate duplicates. The two
writers (ARS and IP) independently conducted the database
search. The authors conducted parallel screenings of authors,
year of publication, samples, intervention characteristics,
assessment, and outcomes from each paper. If there were
any potential differences between the two authors during the
search and review process, they were resolved through con-
sensus by presenting an external validator.

Eligibility Criteria

Based on Methley et al. (Methley et al., 2014), the study
employed the PICOS tool to establish clear criteria for
including and excluding participants. The study focused on
young males aged 10 to 19 for the population (P). Studies
with neurological or musculoskeletal illnesses such as
Parkinson’s disease, multiple sclerosis, osteoarthritis, or per-
sistent pain were excluded based on specific criteria. Inter-
vention (I) criteria included an experimental group engaged
in resistance exercise, while studies without RE interventions
were excluded. Comparator (C) was an active control group,
where one experimental group and the other performed
regular training. The outcome (O) was testing balance and
anaerobic characteristics. Lack of baseline and follow-up
data before and after intervention was excluded. The study
design (S) was multi-arms trials and randomized control
trials. The systematic review, cohort study, cross-section,
and case-control study were all eliminated.

The current systematic review evaluated only com-
plete original articles that contained full text. References
from books, chapters, and abstracts at the conference were
excluded. Furthermore, cross-sectional studies and RE pro-
grams that deal with athlete physical performance, psycho-
logical intervention, a general sample, and injury prevention
and rehabilitation, were excluded.

Quality Assessment

This review used the Physiotherapy Evidence Database
(PEDro) scale to analyze each article. A “+’ score signifies
the fulfillment of the PEDro scale criteria, whereas a ‘-’ score
indicates non-fulfillment. The PEDro scales of 0-3, 4-5,
6-8, and 9-10 indicate poor, moderate, good, and excellent,
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respectively (Morton de, 2009; Maher et al., 2003; Yamato
et al., 2017). Details of PEDro scoring items are shown in
Table 1.

Data Analysis and Synthesis

The studies included in the review were sourced from
restricted subjects (only adolescents of football play-
ers), applying different resistance exercise interventions,
and employing a range of various dosages of training that
might affect the outcome. The strength of the evidence was
assessed using the best evidence synthesis method (Burns
et al., 2011; Yu et al., 2023). Quantity of studies, method
quality, and consistency of findings throughout all evidence
were assessed. 1) substantial evidence from more than two
high-quality studies with consistent significant results;
2) intermediate evidence using one high-quality research and
several low-quality trials with consistent results; 3) limited
evidence if only one study was available or two contained
contradictory outcomes; 4) conflicting evidence when more
than two studies had incompatible results; and 5) no evi-
dence when there were no case-control analyses.

RESULTS

Study Selection

The search approach identified a total of 668 studies across
three databases. The PRISMA flow employed the study
selection approach (Page et al., 2021)(see Figure 1). Fol-
lowing the reduction of duplicate research (n = 82), a total
of 586 were re-examined. After evaluating the abstract and
title, 299 papers were excluded. After thoroughly reading
287 publications, 211 studies were rejected for selected rea-
sons, including the absence of RE intervention. In the end,
14 publications were selected as eligible for inclusion in this
systematic review.

Population Characteristics, Puberty Stage, and
Maturity Status

The cumulative sample size of the research considered
in this analysis was 568 young male adolescent football
players. The sample sizes ranged from 6 to 104 partici-
pants. The study included participants with an average age
of 15.27+0.4 years. The participants’ maturity status and
puberty stage were not reported in the largest number of
studies (n =8 studies). Subjects’ biological maturity in pre-
peak height velocity (PHV) n =1 study (-0.25+0.3 years
from PHV), approaching -peak height velocity n = 3 studies
(-1.95+0.3 years from PHV), and n =2 studies were late post-
peak height velocity (2.5+0.6 years from PHV). Furthermore,
a study conducted by Zghal et al. (2019) reported the puberty
stage of players (puberty stages 3-4) according to the Tan-
ner method (Beunen et al., 1992), before and after interven-
tion resistance exercise by the same investigator (a medical
doctor). The maturity offset was estimated by operating the
formula developed by Moore et al. (2015), anthropometry
assessment (Mirwald et al., 2002), and the puberty stage was
determined by the Tanner method in observing pubic hair
growth and genital development (Beunen et al., 1992).

Study Quality Assessment

Table 1 explains how the PEDro scale evaluates the quality of
research. Out of the total number of studies, n=1 received 5
points on the PEDro scale, indicating moderate quality, while
n=13 received a score of 6-8 points, a score considered excel-
lent quality. Across the board, the studies met the threshold
for minimal risk of bias (mean quality score = 6.85 + 0.83).
The rating score reveals a varied quality of research, with a
significant proportion of studies being of high quality. Most of
the analyzed trials failed to fulfill the blinding of the subjects,
therapists, and assessors. Given this situation, future studies
must be performed at a higher quality and evidentiary level.

Table 1. Physiotherapy evidence database ( PEDro) scores of reviewed studies

Study 1 2 3 4 5 6 7 8 9 10 11 Total score
(Aloui et al., 2022) + - + - - - + + + 7
(Muehlbauer et al., 2019) + + - + - - - + - + + 6
(Hammami M. et al., 2020) + + + + - - - + - + + 7
(Chaalali et al., 2022) + + - + - - - + + + + 7
(Zghal et al., 2019) + + + + + - - - - + + 7
(Barbalho et al., 2018) + + - + - - + + + + + 8
(Jlid et al., 2019) + + - + - - - + + + + 7
(Hammami R. et al., 2023) + + - + - - - + + + + 6
(Seong et al., 2022) + - - + - - - + + - + 5
(Arslan et al., 2021) + + + + - - - + + _ n 7
(Aloui et al., 2021) + + - + - - + + + + + 8
(Makhloufet al., 2018) + + - + - - - + + + + 7
(Dafkou et al., 2021) + + - + - - + + + + + 8
(Gasim et al., 2022) + + - + - - - + + - + 6

1. Eligible to participate, 2. Radom allocation, 3. Concealed allocation, 4. Group similar at baseline, 5. Blind subject, 6. Blind Therapist,
7. Blind assessor, 8. Dropout<15%, 9. Intention to threat method, 10. Comparison between groups, 11. Point measure and variability
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Figure 1. The flowchart is based on the process of searching and
selecting studies

The Intervention of Resistance Exercise Characteristics

The study included 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), diverse balance exercises (Muehl-
bauer 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 into exercise
models enhances anaerobic and balance performance among
adolescent footballers. Regarding the characteristics of
interventions (Table 2), the studies performed the programs
from 2 to 15 weeks, with an average (7.71£2.68) weeks.
One study had a shorter duration of 2 weeks (Seong et al.,
2022), while another had a longer duration of 15 weeks
(Barbalho et al., 2018). Resistance exercise programs were
conducted 2 or 3 times weekly (2.64+0.97) on alternate
days. The volume training consists of 2-3 sets of 6-12 repe-
titions of each activity, with moderate to high intensity. The
type of plyometric training was applied 54-144 ground con-
tacts per session.

Assessment of Anaerobic Performance

The preceding field tests employed to assess anaerobic power
in athletes were the vertical jump tests, sprints, and hopping
(Cakir-Atabek, 2014; Gross & Liithy, 2020; Haugen et al.,
2013; Nikolaidis, 2011). Furthermore, Bongers et al. (2015)
determined that the repeated sprint anaerobic test (RAST) is
a valid and non-sophisticated field test for evaluating anaer-
obic performance in healthy children and adolescents. The
studies employ various jump tests (squat jump test, standing
long jump test, drop jump test, countermovement jump test,
five jump test, single leg hop test, triple leg hop test, and dif-
ferent types of sprint (linear sprint test, change of direction
test, sprints backward and forward, repeated shuttle sprint
ability) to evaluate anaerobic power and capacity in young
football players.

Assessment of Balance Performance

Static and dynamic tests should be provided to evaluate bal-
ance, as postural control performance in both is unrelated
(Pau et al., 2015). Both types of balance tests independently
assess the participants’ motor experience-related balance
performance situations (Paillard & No¢, 2020). The current
study operated the star excursion balance test (SEBT, n = 1),
the Y-balance test (YBT, n = 7) in maximum reach distance
from the center of pressure to anterior, posteromedial, and
posterolateral to evaluate dynamic balance, and the stork bal-
ance test (SBT, n = 3) to test static balance ability. Two stud-
ies applied a stabilization device (Dafkou et al., 2021; Seong
et al.,, 2022), which provided more valuable information
about anterior-posterior, right/left lateral, right/left anterolat-
eral, and right/left posterolateral to evaluate postural balance.

DISCUSSIONS

The primary purpose of this study was to review the litera-
ture on the effects of resistance exercise on improving anaer-
obic and balance performance among adolescent football
players. Moreover, this study provided an interpretation of
the principles for selecting the most effective exercise based
on the quality of evidence. The study review analyzed differ-
ent resistance exercise models, type of exercise, frequency,
resistance levels, number of sets and repetitions per set, and
duration of relief between the sets.

The literature reveals that incorporating core strength and
plyometric exercises during the off-season, alongside aero-
bic programs, improved core dynamic balance and reduced
asymmetry between legs (Seong et al., 2022). The experi-
mental study combines core strength and small-side game
(Arslan et al., 2021), hamstring eccentric and core stability
training (Dafkou et al., 2021) that showed growth in lower
body strength and balance standing on the non-dominant
and dominant leg. Moreover, combining different resistance
exercise models and plyometric training (Aloui et al., 2021,
2022; Gasim et al., 2022; Hammami M. et al., 2020; Jlid
et al., 2019; Makhlouf et al., 2018; Muehlbauer et al., 2019)
can improve static and dynamic balance characteristics
while minimizing the center of pressure, anterior-posterior,
and medial-lateral sway speed. Improvement of static bal-
ance was followed by a decreasing score of the sway speed
center of pressure (COP) in the non-dominant and domi-
nant leg, advancements in lower extremity muscle co-con-
traction, and change in proprioception and neuromuscular
control. Indeed, balance improvement through the training
session could be linked to a more precise contraction of the
muscles in the lower extremities (Kim & Chou, 2022) or
changes in proprioception and neuromuscular control (Kim
& Chou, 2022).

The present study highlights the importance of integrat-
ing resistance exercise with regular football training, con-
sidering factors such as age group, competitive level, and
duration of the training program. The findings showed that
implementing resistance exercises for approximately eight
weeks significantly improved static and dynamic balance
performance. In line with a previous review (Sarabon &
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Table 2. Resistance exercise of the studies included

No Study Subject Type Training Measurement Result
RE Intervention
1 (Aloui et al., IG,n=17,age: PT+ SPT 8 weeks, 4 sessions  SJ, CMJ, 5JT, and Anaerobic, jumping,
2022) 14.6+0.5 x biweekly, ground  LST = 10-30 m, CoD dynamic balance, and the
years contacts per session  (sprint 90° turns (S90°),  ability to change directions
CG,n=17, rose steadily from SBF = 9-3-6-3-9, and sprint significantly
age: 14.6+04 72 to 144, and the RSSA, and YBT improved from before to
years number of sets for after intervention.
each workshop
increased from 3 to
6 sets. The training
session included
various jumps and
strides, followed by
a short sprint.
2 (Muehlbauer 1G, N =10, BT +PT 6 weeks, 4 x per YBT, SJ, CMJ, DJ, Significant pre to
etal., 2019) age: 13.0+0.9 week, 15 to 26 LST = 15m (with split post-improvement in
CG,N =10, min and including time), and T-test dynamic postural stability,
age: 13.1+0.1 submaximal power of lower limb,
running, BT (beam speed, and agility
walking forward
and backward,
unipedal stance
on perturbation
devices, et al), PT
(skipping, hip in/
out, submaximal
multidirectional
Jumps)
3 (Hammami M.  IG,N=12, UPT * LPT 10 weeks, 2 x LST=40m, Significant improvements
et al., 2020) age: 16.2 + per week, 2-6 CoD = sprint 180¢ in sprint, change direction,
0.2 years, repetitions, (sprint,  turns (S180¢), jump, repeat of changes
IG, N =14, 36-98 unilateral SBF = 9-3-6-3-9, direction, static and
age: 16.3 + jumps, and 12-36 RSSA =4 x5 m sprints, dynamic balance before to
0.4 years bilateral jumps. CMJ, SJ, SJT, YBT and  after the intervention.
CG,N=12, LPT positioned SBT
age: 16.4 + above the ankle
0.2 years joint had a mass of
2.5 percent of the
total body weight.
4 (Chaalalietal., N=12, RST + 6 weeks, 2x per CMJ, SJ, 51T, Improvement in sprinting,
2022) age: 16.6 + NRST week, 2 sessions, 3 LST=30m (5, 10, 20m strides frequency,
0.2 years minutes interval set,  split times), and analysis lower-limb explosive
IG,N=6 3-4 repetitions, sprint  of kinematics force, and jump
CG,N=6 10-30 m, distance performance from before
cover per set 90-360 to after intervention.
m., intensity 100%.
(RST) The first stage
consists of sprinting
half the distance
in four seconds
before their partner
releases the player to
complete the second
stage.
5 (Zghal et al., N =30, RT+PT 7 weeks, 2x per CM], SJ, DJ, knee Significant pre to
2019) age: 14.5 + * week. extensor (KE) MVIC, post-improvement in peak
0.52 years PT Leg extension and LST=5, 10, 20 m and torque, rate of torque
IG,N=13 press (60-80% CoD development (RTD), RTD

(Contd...)
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Table 2. (Continued)

No Study Subject Type Training Measurement Result
RE Intervention
IG,N=9 1 RM, 2-3 sets x 6-8 normalized to torque
CG,N=8 rep.), Half squat, (RTDr, speed, and jump

6 (Barbalho et al.,
2018)

IG,N=11, RT
age: 19.1

0.9 years
CG,N=12,

age: 18.8

0.8 years

IG,N =14, MPT
age: 11.8 +

0.4 years

CG,N =14,

age: 11.6 +

0.5 years

7 (Jlid et al.,
2019)

8 (Hammami R.
et al., 2023)

IG,N=12, NT
age: 15.7+0.6
years

CG,N=12;

age: 154 +0.8
years

vertical hurdle,
jump/sprint, stride
hurdle (2-4 sets x
6-8 rep)

15 weeks. 3 x per
week, weeks 1, 5,
9,and 13 (12-15
RM with 30-60 s
intervals), weeks
2,6, and 10 and
14, (4-6 RM, 3-4
mins intervals),
weeks 3, 7, 11 and
15 (10-12 RM,
1-2 mins interval),
weeks 4, 8, and 12
(6-8RM at2-3
min intervals).
Leg presses at

45 degrees, free
squats with a bar,
seat leg curls, and
calf stands on the
machine are some
of the lower limb
exercises, while the
upper limb exercises
consist of seat low
row, bench press,
shoulder press,
triceps pulley, and
biceps curl, and
lateral pull down.

8 weeks, 2 x per
week, 20-25 min,
54-124 ground
contacts, alternating
jumps and jumps
with feet together,
progressing in
volume and intensity
over the weeks

8 weeks, 2 x per
week, 2-3 sets,
5-10 reps. INT

of 5 workouts in
rest between sets
(60-120s), and
exercise (balance,
half squat, side
lunge with a
medical ball 2 kg,
plyometrics, CoD.
The difficulty and
intensity of INT

1 RM, LST = 40-yard,
T-test, CMJ, SLJ

SJ, CMJ, T test, CoD,
SEBT

YBT, 1RM, 5 JT, SLH,
CM]J, LST 10 and 30m,
CoD with Ball

ability

Significant pre-to post
increase in 1 RM, Power
lower max (CMJ and SLJ),
speed, and agility

Significant improvement
in SJ, CMJ, CoD, and
dynamic balance from pre
to post-test

Dynamic balance, muscle
strength, speed and jump
performance pre-to post
improvement.

(Contd...)



14

1JKSS 12(4):8-20

Table 2. (Continued)

No Study Subject Type Training Measurement Result
RE Intervention
were regularly
adjusted every two
weeks, while the
training volume
remained consistent.
9 (Seong et al., IG,N =75, RT + 2 weeks off-season, CDBT, SLJ, PTT, SLJ, Improvement from pre
2022) age: 14.28+  Aerobic 5 x per week with and CoD to post in jump, speed,
0.98 years 150 mins, core dynamic balance, back
CG, N =104, muscle on interval/ extensor, and flexor muscle
age: 17.33 + circuit training (20 strength, and reduction of
0.84 repetitions, 3—4 sets, differences between left
years 30 sec), Aerobic and right leg
(80% 1RM HRmax,
30 seconds, 3-4 sets,
I-minute recovery).
Inferior of body
functional exercise
(step, ladder
coordination, jumps,
turns, acceleration,
and deceleration
with rope at 60-70%
of 1RM, 20 reps,
3-4 sets, 30 seconds
recovery)
10 (Arslan et al., N =38, age: CST+SSG  6-weeks, 3x per LST = 5-20m, CMJ, Speed, agility, lower
2021) 16.50 £ 0.51 week, 3 x 25-50 sec, SJ, TLH, ZA with or limb muscles power and
years work relief 1:1, CST without ball, TCRT, strength, and balance
IG,N=20 (push-up, push-up YBT improvement from pre-to
CG,N=18 rotation, bird dog post.
crunch, scissor kick,
mountain climbing,
full squat), SSGs
(2-4 min, number of
bouts 4, rest 3 mins.
11 (Aloui et al., 1G,N=18, PT+SCoD 8 weeks, 2x per SJ, CMJ, SLIJ, Improvement from pre to
2021) age: 16.6 = week, PT + SCoD LST = 5m, 20, CoD, post in jump performance,
0.5 years of 4 workshop x 3 RSA, SBT speed, agility, anaerobic
CG,N=16, rep each workshop/ performance, and static
age: 16.6 = week. Ground balance
0.5 years contacts per session
rose steadily from
72 to 144, and the
number of sets
for each workout
increased from 3 to
6 sets.
12 (Makhlouf 1G, N =21, PT+ BT 8 weeks. 2x per CMJ, TLH, Improvement from pre
etal., 2018) age: 11.29 + * week. BT (stand RSI, MVIC, RSSA, to post in jump, back
0.85 years Agility + PT  on Swiss ball by Illinois, CoD, YBT, extensors, knee extensors
1G, N =20, knee, unilateral and SBT, LST=10-30 m muscle strength, agility,
age: 11.06 £ bilateral standing on speed, static and dynamic
0.75 years an inflated disk balance
CG, N =16, progressing to
age: 10.98 + squat, etc., 1-2
0.80 years set/30-45 s or 8-15/

leg,PT (lateral hops,
vertical, horizontal,

(Contd...)
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Table 2. (Continued)

No Study Subject Type Training Measurement Result
RE Intervention
drop, jumps, etc.,
1-2 set x 8-15 rep)
13 (Datkouetal, IG,N=11 EBCM 8 weeks, 2 x per Strength tests (3 subs Significant increase of
2021) age: 17.7+ week, 16 sessions, and three maximum isokinetic, concentric
1.15 years 2-4 setx 6-10 concentric and eccentric  hamstring strength,
CG,N=10 rep. A hamstring at 309/s, 180</s, and reduction in center of
age: 18.1 + eccentric exercise, 240°/s), balance test, pressure sways in a stance
0.57 years 4 core-muscle, 5 and bridge test (trunk on the non-dominant leg.
single-leg balance movement stability)
variations (4-6 set x
30-45 sec)
14  (Gasim et al., IG,N=6, PT+ CST 8 weeks, 2x per YBT Significant improvement
2022) age: 17.2+04 week, PT = 1-2 sets pre to post in anterior and
years x 6-10rep ( 1-4 posteromedial directions
IG,N=6, weeks), 1-2 sets x in the dominant leg,
age: 17.3+0.5 8-12 rep. (5 -week), anterior, posteromedial,
years CST=1-4 sets x and posterolateral in the
CG,N=6, 15 reps. or sec (1-4 non-dominant leg.
age, 17.7+0.5 weeks), 2-4 sets x
years 15 reps. or sec( 5-8

weeks) CST (plank
+ side, crunch on
Pilates ball, back
extension on Pilates,
hip raise, dog kick
(right & left)

Abbreviation and symbols: IG = Intervention Groups, CG = Control Groups, PT = Plyometric Training, RT = Resistance Training,
SPT = Short Sprint Training, BT = Balance Training, UPT = Unloaded Plyometric Training, LPT = Loaded Plyometric Training,

RST = Resisted Sprint Training, NRST = No resisted Sprint Training, MPT = Multidirectional Plyometric Training, INT = Integrative
Neuromuscular Training, CST = Core Strength Training, SSG = Small-Sided Games, SCoD = Sprint With Change-Of-Direction,
EBCM = Eccentric Balance and Core Muscles Exercises, SJ = Squat Jump test, SLJ = Standing Long Jump test, DJ = Drop Jump test,
CMJ = Countermovement Jump test, SJIT = 5 jump test, SLH = single leg hop test, TLH = Triple Leg Hop test, LST = Linear Sprint
Test, CoD = Change of Direction test, SBF = Sprints Backward And Forward, RSSA = repeated shuttle sprint ability, RSA = Repeat
Sprint ability, YBT =Y balance test , SBT = Stork Balance test, SEBT = Star Excursion Balance Test, CDBT = Core dynamic balance
test, RSI = Reactive Strength Index, MVIC = Maximal Voluntary Isometric Contraction, | RM = one repetition maximum,

PTT = Peak Torque Test, ZA = Zigzag Agility Test, TCRT = Three Corner Run Test. Symbol = ( + ) Combination, (*) Versus

Kozinc, 2020), training interventions to enhance balance
ability should be of sufficient duration (at least four weeks)
and follow general resistance exercise principles.
Resistance exercise significantly improves strength and
power in the lower body of young footballers by integrating
with football-specific training. The evaluation of anaerobic
performance has been extensively used to assess short-term
power action (Cossio-Bolafios et al., 2021; Gross & Liithy,
2020; Haugen et al., 2013; Ostoji¢ et al., 2010). Anaerobic
characteristics in football include explosive actions in vari-
ous jumps, sprints, changes of movement directions, acceler-
ation, and other short intense actions. The simultaneous use
of resistance and plyometric exercises improved strength,
sprinting, and jumping performance compared to plyometric
alone (Zghal et al., 2019). Unilateral lower limb plyomet-
ric training significantly enhanced the strength and power
of football players compared to bilateral or football training
alone (Drouzas et al., 2020). Combinations of multiple resis-
tance models (Aloui et al., 2022; Arslan et al., 2021), agil-
ity and plyometric training (Makhlouf et al., 2018), aerobic

and resistance training (Seong et al., 2022), and resistance
and plyometric training (Hammami et al., 2020; Zghal et al.,
2019), demonstrated improvements in anaerobic perfor-
mance, including short explosive force, sprinting, jumping,
change of direction, and repeated sprint ability.

A crossbreed of morphological and neural factors sup-
ports muscular strength development (Suchomel etal., 2018).
Moreover, the baseline of strength (Buckner et al., 2017),
the quality of resistance exercise, and genetics (Yang et al.,
2003) influence the improvement of anaerobic performance.
The relationship between maturity and training-related neu-
romuscular adaptations remains ambiguous (Silva et al.,
2022; Kumar et al., 2021). Growth and maturation signifi-
cantly affect muscle-tendon and neuromuscular adaptations
(Radnor et al., 2018) (Hiort, 2002). However, contrary evi-
dence (Perroni et al., 2024) stated that physical performance
might be negatively associated with chronological age, rela-
tive age, and pubertal status.

In this review, the combination of resistance exercise
models may have the most significant potential to increase
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muscular strength and power. Resistance exercise models
propose the flexibility to manage loads and intensities within
a single training session. The various exercises can provide
a new stimulus when training is tedious and needs a new
variation and challenge. Through various resistance exer-
cise models, instructors and coaches could present high-load
exercises to maintain or increase strength and low-load train-
ing to build power and speed. Future research should look
into these links, especially the possibility of using integrated
resistance exercises to improve anaerobic performance, and
static and dynamic balance considering football players’
chronological ages and puberty stages.

The review article provides valuable insights into the
impact of resistance exercise on anaerobic and balance per-
formance in adolescent football players. However, we need
to address some methodological limitations. The selection of
studies may be biased due to the exclusion of abstracts, titles,
or studies published in non-peer-reviewed journals. The
anaerobic and balance of young male players aged 10 to 19
consistently improve with resistance exercise interventions,
and these results must be carefully chosen before application
to the specific population group.

Strength and Practical Implication

According to the findings of the articles reviewed in the
present study, various resistance exercise models positively
improve the characteristics of anaerobic and balance in ado-
lescent football players. In addition, the plural type of exer-
cise is plyometric, which has multiple movements such as
jumping and sprinting that align well with the demands of
football games. Integrating resistance exercise into regular
training is more beneficial than stand-alone. Young football
players should undergo training intervention for about eight
weeks, 2-3 times weekly on developing anaerobic and bal-
ance performance. In addition, strength and conditioning
coaches should prescribe these, considering specific resis-
tance exercise loads in young football players.

CONCLUSION

Interventions of different resistance exercise models improve
young footballers’ anaerobic and balance performance,
encompassing muscular strength and power development.
Incorporating the resistance exercise into routine football
training sessions was highly recommended due to safety
and efficiency for young football players. Moreover, resis-
tance exercise presents diverse movements and technical
advantages that improve other physical demands in football
games. Resistance programs took place two or three times
each week throughout eight weeks. The volume training
consists of 2-3 sets of 6-12 repetitions, with moderate to high
intensity. The study provided practical insights for trainers
and coaches to enhance anaerobic and balance performance
and overall physical fitness in young football players. How-
ever, current findings should be considered cautiously due
to methodological limitations, high variability in assessing
anaerobic and balance parameters, and training dosages
among studies.
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