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ABSTRACT

Purpose. This study aimed to investigate the associations between muscular strength tests and vertical jumping performance
(countermovement jump [CMJ] and squat jump [SJ]) in adolescent male football players, while controlling for important
predictors such as chronological age and body composition.

Methods. The sample involved 161 male footballers (mean age: 15.8 + 1.7 years) from the under-19, under-17, and under-15
age groups. Body fat percentage (BF%) was calculated with Slaughter equations. Muscular strength assessment included
handgrip strength and push-up and sit-up tests. Vertical jumping was examined through CMJ and SJ. Pearson correlations
and hierarchical regression analyses were run to analyse the data.

Results. All muscular strength tests showed significant correlations with CMJ and SJ. Handgrip strength was the most
substantial predictor for CMJ (r = 0.43, p < 0.01) and SJ (r = 0.44, p < 0.01). However, regression models identified sit-ups
(CMJ: B =0.15, p < 0.01, R* = 0.23; SJ: B = 0.16, p < 0.01, R* = 0.27) and push-ups (CMJ: B = 0.13, p < 0.01; SJ: B = 0.15,
p < 0.01) as significant predictors after controlling for chronological age, body mass, and BF%. In contrast, BF% remained
a significant predictor of jumping performance (CMJ: B = -0.43, p < 0.01, R* = -0.39; SJ: B = -0.52, p < 0.01, R* = -0.52)
in the whole hierarchical regression model.

Conclusions. This study reinforces the importance of players’ overall physical development, including healthy diet habits,
to enhance jumping performance.
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Introduction has stood out by its strong relationship with sprints
and change of direction actions [1, 3].

Worldwide, foothall sports agents and coaches have In the past years, 2 tests have been frequently used
relied on assessing players’ physical attributes in the to assess lower-body explosive strength: the squat jump
process of selection and talent identification [1, 2]. (SJ) and the countermovement jump (CMJ). In detail,
From those attributes, lower-body explosive strength SJ assesses the ability to rapidly develop force exclu-
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sively during the concentric movement. In turn, CMJ
focuses on the capacity to quickly produce force in
stretch-shortening cycle movements [4]. Additionally,
both SJ and CMJ can indicate muscular asymmetries
or deficits in lower limbs [5]. Thus, these tests have
emerged as a reliable and feasible tool in the process
of players’ monitoring.

Literature has described muscular strength as
a critical motor capacity that underpins motor perfor-
mance [6]. Besides its significant relationship with the
individual overall health status regardless of age and
clinical condition [7, 8], muscular strength is associ-
ated with enhanced force-time characteristics, which
influences the performance across a wide range of both
general and sport-specific skills [6]. Indeed, research
has correlated greater muscular strength with improve-
ment in players’ ability to jump, sprint, and change
direction [9, 10].

In the literature, sit-up and push-up tests have been
broadly used as overall indicators of muscular strength
and endurance [11, 12]. Handgrip strength has also
been described as a strong predictor of absolute mus-
cular strength and endurance [13]. Globally, sit-ups,
push-ups, and handgrip strength are simple, reliable,
and low-cost field tests that allow essential insights
into the players’ physical attributes.

The relationship between muscular strength and
vertical jumping has already attracted empirical re-
search. In children, authors reported a significant asso-
ciation between the standing long jump, push-ups, and
isometric strength [12]. In a study among college-aged
students, a strong correlation was described between
handgrip strength and one-repetition maximum leg ex-
tension performance [13]. Moreover, previous studies
have indicated that muscular strength and jumping
ability can discriminate between elite volleyball players
and their subelite counterparts [14]. However, data
on this topic concerning youth footballers are lacking
and may be of importance for the training process re-
garding the players’ overall physical development.

Therefore, this study evaluated the associations be-
tween muscular strength tests (push-ups, handgrip,
and sit-ups) and vertical jumping performance while
controlling for chronological age (CA) and body com-
position among adolescent male football players.

Material and methods
Participants

A total of 161 male football players from the un-
der-19 (U19), under-17 (U17), and under-15 (U15) age

groups participated in this study. Overall, 49 players
were U19 (age: 17.8 = 1.1 years, height: 175.0 = 6.1 cm,
body mass: 68.9 = 6.6 kg), 61 players were U17 (age:
15.9 * 0.6 years, height: 172.0 + 7.3 cm, body mass:
64.4 + 9.1 kg), and 51 players were U15 (age: 14.0 +
0.6 years, height: 165.5 = 9.3 cm, body mass: 56.9 +
10.5 kg). All participants had more than 5 years of foot-
ball experience. The U19 group performed 5-6 football
practices per week and 2 weekly conditioning training
sessions, in accordance with the competition schedule.
The U17 and U15 groups took part in 4 football prac-
tices and 1 conditioning training session per week. All
groups had 1 match per week during the season (from
the beginning of October to mid-June). All athletes
were competing at the regional level.

The testing occurred in the pre-season during 2 con-
secutive weeks in the late afternoon. Anthropometric
measurements and fitness assessments were performed
in a gym. All testing was conducted by the research
staff with previous experience in all protocols.

Anthropometric characteristics

For the anthropometric measurements, the partici-
pants were barefoot and only wearing shorts. Height
was determined to the nearest 0.01 cm with a stadi-
ometer (SECA 213, Hamburg, Germany). Body mass
was evaluated to the nearest 0.1 kg with portable
scales (SECA 760, Hamburg, Germany). Skinfold thick-
ness was measured to the nearest 0.1 mm at 7 sites
(biceps, triceps, subscapular, suprailiac, abdominal,
thigh, and calf) by using a skinfold calliper (Harpenden
Skinfold Caliper, West Sussex, England). All meas-
urements followed the International Society for the
Advancement of Kinanthropometry guidelines. Body
fat percentage (BF%) was calculated with Slaughter
equations [15].

Muscular strength

Three functional tests were applied to evaluate mus-
cular strength, with a 5-minute recovery time between
the assessments. The handgrip protocol consisted of
3 alternated data collection trials for each arm per-
formed with a hand dynamometer (Jamar Plus+, I1li-
nois, USA). The participants were instructed to hold
the dynamometer in one hand, laterally to the trunk,
with the elbow in a 90° position [16]. From this position,
they were to progressively and continuously squeeze
the hand dynamometer as hard as possible for about
2 seconds. At no time could the dynamometer contact
the subject’s body. The recovery time between trials
was set at 45 seconds.
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The push-up protocol consisted of performing the
maximal number of push-ups within 60 seconds [11].
The participants were instructed to start in a plank
position, with the elbows in extension and feet slightly
apart. The hands should be placed under or slightly to
the side of the shoulders, with the fingers facing for-
ward (starting position). The subjects should keep the
plank position, bend the elbow slowly, and control
forming an approximately 90° angle between the upper
arm and forearm (final position). The return to the
starting position should also be slow and controlled,
until the elbow was fully extended. Any push-up that
did not respect this standard was not counted.

Finally, the sit-up protocol consisted of performing
the maximal number of repetitions within 30 seconds
[17]. The participants were instructed to start in a sit-
ting position, torso vertical, hands behind their neck,
knees bent (90°), and feet on the floor. From this po-
sition, the subjects were to stretch out on their back,
shoulders in contact with the floor, then straighten up
to the sitting position, bringing the elbows forward in
contact with their knees and/or passing them through
the knees. Counting took place at the moment when
the elbows touched or passed the knees. The absence
of counting meant that the repetition had not been cor-
rectly performed.

Vertical jumping

Two tests were applied to assess lower-body explo-
sive strength and power: CMJ and SJ [5]. Both pro-
tocols included 4 data collection trials and were per-
formed in the Optojump Next (Microgate, Bolzano,
Italy) system of analysis and measurement. In both
tests, the participants were encouraged to jump for
maximum height.

In the CMJ protocol, the subjects were directed to
perform the CMJ ‘as they usually would,” with a quick
countermovement to a comfortable depth before ex-
ploding upwards to gain maximum height. Hands re-
mained on the hips for the entire movement to elimi-
nate any influence of arm swing [5].

The SJ protocol testing began with the participant
in a squat position at a self-selected depth, with ap-
proximately 90° of knee flexion, holding this position
for researchers’ count of 3 before jumping. If a dipping
movement of the hips was evident, the trial was re-

peated [5].

Statistics

Descriptive statistics are presented as means =+ stan-
dard deviations. The Pearson product-moment corre-
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lation coefficients were used to determine the relation-
ship between CA, BF%, body mass, muscular strength,
and vertical jumping. The strength of the correlation
was evaluated by using Cohen’s guidelines as small
(0.1 < r<0.3), moderate (0.3 < r < 0.5), or large (0.5 <
r < 1.0) [18]. Hierarchical multiple regression analyses
were conducted to investigate the amount of variance
in the CMJ and SJ performance that was explained
by muscular strength tests (entered in step 3), after
controlling for CA (entered in step 1) and body compo-
sition (entered in step 2). All analyses were performed
with the IBM SPSS Statistics software 26.0 (SPSS Inc.,
Chicago, USA). Statistical significance of the results
was accepted at p < 0.05.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Ethics
Committee of the Faculty of Human Kinetics, Univer-
sity of Lisbon (approval No.: 34/2021).

Informed consent
Informed consent has been obtained from the legal
guardians of all individuals included in this study.

Results

The descriptive statistics of the participants are pre-
sented in Table 1 by age group.

The significant results of Pearson product-moment
correlation coefficients are presented in Table 2. CA was
a significant positive predictor of vertical jumping
(r = 0.44, p < 0.01), and body mass showed the greatest
correlation with handgrip strength (r = 0.60, p < 0.01).
BF% displayed the most powerful negative relation-
ship with vertical jumping (CMJ: r = -0.47, p < 0.01;
SJ: r = -0.57, p < 0.01). All muscular strength tests
exhibited significant correlations with CMJ and SJ.
Handgrip strength was the most substantial predictor
of CMJ height (r = 0.43, p < 0.01) and SJ height (r =
0.44, p < 0.01).

Table 3 describes the results of hierarchical mul-
tiple regression analyses conducted to investigate the
relationships of vertical jumping and muscular strength
tests (push-ups, handgrip strength, and sit-ups), after
controlling for CA and body composition (body mass
and BF%). The model as a whole was able to explain 45%
and 52% of the variance observed in CMJ and SJ,
respectively. In both CMJ and SJ performance, sit-ups
and push-ups remained significant predictors from the
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Table 1. Descriptive statistics of male adolescent football players’ anthropometry, muscular strength,
and vertical jumping tests in accordance with their age groups (n = 161)

Variable U19 (n=49) Ul7 (n=61) Ul5 (n=51)
CA (years) 17.8 + 1.1* 159 £ 0.6 14.1 + 0.6**
Body mass (kg) 68.6 = 6.6 64.5 + 9.1** 57.8 +10.9
Stature (cm) 175.0 £ 6.0 172.0 £ 7.3 165.6 + 9.2*
BMI (kg/m?) 224 +1.7*% 21.8 £2.1 21.0 + 2.9**
Waist circumference (cm) 77.8 £ 4.2*% 76.0 £ 5.3 75.3 £ 8.2*%*
Triceps skinfold (mm) 10.0 = 3.5* 10.6 = 3.5** 12.1 £ 5.0
Biceps skinfold (mm) 4.6 £ 1.5%* 5.3 £ 2.0%* 6.3 £3.1*%*
Subscapular skinfold (mm) 99 +24 9.4 + 2.7*%* 9.6 + 4.3**
Suprailiac skinfold (mm) 10.7 + 4.0 114 £ 5.4** 12.1 + 6.6**
Abdominal skinfold (mm) 12.0 + 4.4* 12.6 £ 5.0** 147 £ 7.1*
Calf skinfold (mm) 7.9 £ 3.3*%* 99 + 34 124 + 6.1**
BF% 14.1 + 4.6** 16.0 + 4.5 19.0 + 8.0*
CMJ height (cm) 325 +5.1 29.5 £ 4.1 259 +5.0
SJ height (cm) 31.8+5.0 29.2 + 3.9 25.2 £ 5.7
Push-ups (n) 414 + 13.9* 37.2 £ 8.4** 30.0 £ 12.1
Handgrip strength (kg) 37.2+6.6 34.3 £6.2 28.6 = 6.6
Sit-ups (n) 22.8 £3.1 22.6 £ 3.4** 222 +47

All values reported as means + standard deviations.
CA - chronological age, BMI - body mass index, BF% - body fat percentage, CMJ - countermovement jump, SJ - squat jump
*p <0.05, ** p < 0.01 according to Kolmogorov-Smirnov normality test

Table 2. Significant correlation coefficients for chronological age, body composition, muscular strength,
and vertical jumping in male adolescent football players (n = 161)

Variable 1 2 3 4 5 6 7 8
1.CA 0.47** -0.27** 0.38** 0.51** 0.44** 0.44**
2. Body mass 0.31** 0.60** 0.25** 0.19*
3. BF% -0.36**  -0.13** -0.20** -0.47** -0.57**
4. Push-ups 0.29** 0.25%* 0.39*%* 0.44**
5. Handgrip strength 0.19* 0.43** 0.44**
6. Sit-ups 0.30** 0.33**
7. CMJ height 0.92**
8. SJ height

CA - chronological age, BF% - body fat percentage, CMJ - countermovement jump, SJ - squat jump
* correlation significant at p < 0.05, ** correlation significant at p < 0.01

Table 3. Summary of hierarchical regression analyses with body composition and muscular strength predicting
vertical jump performance among adolescent male football players (n = 161)

CMJ height SJ height
Variable Model T Model I Model ITI Model T Model I Model ITI
p p p p p p

CA 0.44** 0.12 0.07 0.43** 0.10 0.04
Body mass 0.36** 0.29** 0.34** 0.25**
BF% -0.53** -0.43** -0.64** -0.52**
Sit-ups 0.15** 0.16**
Handgrip strength 0.09 0.11
Push-ups 0.13* 0.15**
R? 0.19 0.39 0.45 0.19 0.46 0.52
Ffor change in R? 39.727** 27.445** 4.941** 38.631** 43.998** 7.371%*

CMJ - countermovement jump, SJ - squat jump, model I - CA, model II - body mass and BF%, model III - sit-ups,
handgrip strength, and push-ups, p - standardized beta coefficient, CA - chronological age, BF% - body fat percentage
*p<0.05, ** p<0.01
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whole model. Sit-ups were the most significant predic-
tor among the muscular strength tests (CMJ: p = 0.15,
p <0.01, R*=0.23; SJ: p = 0.16, p < 0.01, R* = 0.27).
With regard to body composition, BF% was the most
powerful predictor of vertical jumping performance
(CMJ: B =-0.43, p < 0.01, R* = -0.39; SJ: B = -0.52,
p < 0.01, R* = -0.52). After introducing body compo-
sition and muscular strength tests in the model, CA was
no longer a significant predictor of CMJ and SJ height.

Discussion

The purpose of this study was to examine the as-
sociations between muscular strength indicators (sit-
ups, handgrip strength, and push-ups) and vertical
jumping performance (CMJ and SJ), after control-
ling for significant predictors such as CA and body
composition. Our results indicate strong correlations
between muscular strength tests and jumping ability.
Additionally, the sit-up and push-up tests remained
significant predictors of the variance observed in ver-
tical jumping performance after controlling for CA
and body composition.

In our study, the correlations showed a significant
negative relationship between BF% and vertical jump-
ing tasks. These results are in line with previous re-
search on this topic since BF% has been consistently
related with lower performance levels in jumping ability
[19, 20]. According to the literature, the detrimental ef-
fect of BF% is apparent in tasks requiring projection
(jumps), rapid movement (dashes, shuttle runs), and
lifting [21]. Indeed, the results of hierarchical regres-
sion analyses presented BF% as the most powerful pre-
dictor from the final model, explaining 43% and 52%
of the variance observed in the CMJ and SJ perfor-
mance, respectively. These results reinforce the impor-
tance of monitoring BF% in youth football, mainly to
improve lower-body explosive strength. Thus, multi-
disciplinary approaches, including healthy nutritional
habits, should be promoted by sports agents and coaches
as part of the training process.

All muscular strength tests presented significant
positive relationships with vertical jumping tests. Hand-
grip strength displayed the most significant correla-
tion with CMJ and SJ. Overall, the literature advocates
a strong linear relationship between handgrip strength
and lower-body strength in competitive sports [22].
However, studies have pointed out positive correlations
between handgrip strength, BF%, and body mass, re-
flecting a larger body size [21]. This trend was noticed
in this study. Although the handgrip strength showed
the most significant linear correlation with vertical
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jumping tasks, that was not observed after controlling
for CA and body composition. Specifically, handgrip
strength was not a significant predictor of the whole
model in the hierarchical regression analyses, account-
ing for 9% and 11% of the variance observed in CMJ
and SJ, respectively. Previous research on this topic
has provided controversial results. Milliken et al. [23]
reported significant associations between lower-body
explosive strength (one-repetition maximum leg press)
and the handgrip test in children. In contrast, minor
correlations were found between handgrip strength
and jumping performance (CMJ and SJ) among ado-
lescent female handball players [24]. Therefore, al-
though handgrip strength seems to be an important
attribute of elite players [22], future research is still
needed on its relationship with jumping ability.

Sit-ups and push-ups have been widely used to as-
sess muscular strength and endurance [11]. In this
study, both tests presented substantial linear corre-
lations with vertical jumping tasks. In a previous study
that aimed to compare the short-term effects of on-field
combined core strength and small-sided game training
vs. only small-sided game training in football players,
the authors reported greater improvements in CMJ
and SJ performance in the group that was submitted
to the core strength training [25].

After controlling for CA and body composition, both
sit-ups and push-ups remained powerful predictors
of the hierarchical regression model, particularly the
sit-up tests. Indeed, literature has mentioned that
a strong central body area may decrease the risk of in-
jury and enhance explosive strength [26]. The results
suggest that it is crucial to consider the players’ over-
all physical development, even if the main focus is to
improve lower-body explosive strength.

Finally, CA showed a positive linear relationship
with vertical jumping, which is in line with previous
research on the issue [27]. Growth and biological matu-
ration indicators were not considered in this study.
Thus, these results should be interpreted with caution,
particularly since there is a dramatic improvement of
strength and power in boys aged 14-16 years [2],
a range covered in our sample. For that reason, CA was
controlled for in the hierarchical regression analyses.
Ultimately, after introducing body composition and
muscular strength tests in the model, CA lost its
strength as a predictor of the CMJ and SJ performance.
Therefore, our results underline the trivial contribu-
tion of CA as compared with players’ body composition
and physical attributes, which is in line with previous

studies [28-30].
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This study presents some limitations, particularly
the lack of control for growth and biological maturation
variables. Also, specific information regarding the par-
ticipants’ diet habits or drink ingestion was not col-
lected before testing. Nevertheless, it is believed that
our results bring crucial practical implications, mainly
as data focused on the associations between muscular
strength and vertical jumping in youth football are
scarce. Both sit-ups and push-ups are reliable, low-cost
field tests and constitute powerful predictors of the SJ
and CMJ performance, allowing sports agents and
coaches important insights into the players’ physical
attributes. The youth football training process should
consider multidisciplinary approaches, including in-
terventions to promote players’ overall physical devel-
opment and healthy diet to avoid the detrimental effect
of BF% on sports performance.

Conclusions

In summary, this study concludes that muscular
strength tests are significant indicators of vertical
jumping performance, even after controlling for im-
portant predictors such as CA and body composition.
Both sit-ups and push-ups are low-cost field tests and
powerful predictors of jumping ability, allowing sub-
stantial insights into players’ physical attributes. Ath-
letes’ monitoring should be part of the youth football
training process to assess the efficacy of the imple-
mented programs and identify specific needs to be
addressed. Sports agents and coaches should promote
strategies focused on players’ overall physical develop-
ment to enhance jumping performance.
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