Ovidius University Annals, Series Physical Education and Sport/ SCIENCE, MOVEMENT AND HEALTH
Vol. XXI, ISSUE 2 Supplement, 2021, Romania
The journal is indexed in: Ebsco, SPORTDiscus, INDEX COPERNICUS JOURNAL MASTER LIST,
DOAJ DIRECTORY OF OPEN ACCES JOURNALS, Caby, Gale Cengage Learning, Cabell’s Directories

Science, Movement and Health, Vol. XXI, ISSUE 2 Supplement, 2021
September 2021, 21 (2): 567 - 573
Original article

CORRELATIONS BETWEEN BODY COMPOSITION AND STRENGTH IN WOMEN'S
SOCCER, HANDBALL AND RUGBY
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Abstract

Obijective. The aim of this paper is to analyze the links between body composition, explosive strength and
isometric strength in women's football, handball and rugby.

Methods. The research analyzed 44 performance women athletes from the first leagues of Romania, divided
into 3 groups: football (N=14, 57.44 + 9.12 kg, 29.01+ 2.16 % muscle mass, 30.09 * 4.60 % body fat), handball (N=
13, 70.03 * 8.33 kg, 31.06 + 1.35 % muscle mass, 28.82 + 2.34 % body fat) and rugby (N= 17, 58.81 + 5.18 kg,
31.46 £ 3.45 % muscle mass, 28.48 + 5.62 % body fat).

Results. To evaluate the explosive strength we applied the Squat Jump (football= 34.62 + 3.66 cm,
handball= 37.69 + 4.27 cm, rugby= 34.53 + 6.21 cm), the Countermovement Jump (football= 37.01 + 4.29 cm,
handball= 39.21 + 4.69 cm, rugby= 35.86 + 6.22 cm), the Free Jump (football= 42.78 £ 5.31 cm, handball= 44.14 £+
3.90 cm, rugby= 39.78 + 7.04 cm) and the 4 repeated jumps test (football= 1.89 £ 0.38, handball= 2.03 + 0.35,
rugby= 1.91 + 0.36). Isometric strength was assessed using the handgrip strength test (football= 60.63 + 10.84 kg,

handball=70.43 + 9.37 kg, rugby= 65.08 + 4.88 kQ).

Conclusions. Using Anova One-Way, significant differences were highlighted only in terms of assessing
the strength of the palmar flexors (r=0.181, p=0.020). The Pearson correlation showed a direct link between body
composition, explosive force and isometric force, for all groups.
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Introduction

In performance sports, specialists in the field are
looking for various methods and means to develop
the physical and technical skills of athletes. In team
sports, there is an increase in the speed and explosive
force of game actions, both during team training and
during competitions (Barnes et al., 2014; Bush et al.,
2015). In general, these actions with maximum
intensity are frequently performed before the decisive
situations during the game (Faude et al., 2012).

Handball is classified as a body-contact sport that
demands a high level of aerobic and anaerobic
fitness. For handball players, successful match
performance requires several physical attributes such
as speed, power, strength and agility, plus the ability
to maintain performance during repeated sprints
(Michalsik et al., 2013).

Soccer is considered a contact sport and such
impact has had consequences through both a greater
skill level and physical demands throughout training

and matches (Covic et al., 2016). Female soccer
players are exposed to greater training volumes and
competition demands than ever before and, therefore,
a better understanding of female players’ physical
performance changes is needed to design appropriate
training programs (Pardos-Mainer et al., 2021).
Preparation games in football used to develop
muscle strength are not sufficient for adequate
adaptive changes. Universal strength training
involves the development of maximum dynamic and
explosive strength and can effectively take place in
the gym. The intensity of this training should be very
high, and it is not effective to carry out this exercise
with football skills because it may restrict the
exercise intensity and therefore the final changes will
be smaller in the following developed indicators
(Buzek et al., 2002; Pacholek & Zemkova, 2020).
Different intervention programs, such as
neuromuscular training, plyometric training, strength
training or power training, have been performed to
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improve physical capacities. However, there are
discrepancies about which are the best exercises to
improve female soccer players’ performance due to
the lack of studies (Pardos-Mainer, Casajus &
Gonzalo-Skok, 2020; Pardos-Mainer, Casajus &
Gonzalo-Skok, 2019; Shalfawi et al., 2013; Ramirez-
Campillo et al., 2019).

Sports performance is dependent on the methods,
means and tasks used in the training process (Loturco
et al., 2015), and in this regard numerous studies
have been conducted that investigated the impact of
training strategies on the physical abilities of athletes
(Loturco et al. , 2013a; Loturco et al., 2013b).

Previous studies have shown that during seven
consecutive seasons from 2006 to 2013, professional
football players in the English Premier League have
significantly developed their speed and torque, skills
needed to do in the face of intense demands during
the match and to achieve professionalism (Barnes et
al., 2014; Bush et al., 2015; Ford et al., 2011;
Williams, 2016).

In the case of athletes who need a higher speed to
be able to cope with the demands during the game,
such as rugby players in front of an opposing attack,
it is recommended to use loads in training, in making
knee bends (Nibali et al., 2013) . Regarding football
players, it has been shown that the use in training of
semi-inflections with load performed at maximum
intensity, will improve their performance in jumps
and sprints (Chelly et al., 2009).

In a study, the effects of vertical and horizontal
plyometric jumps on sprints among football players
were analyzed, revealing the ability of athletes to
adapt to this type of training. Thus, it was found that
the training with horizontal jumps brings
improvements on the speed on short distances of 0-10
m, while the one with vertical jumps will develop the
speed on longer distances, of 10-20 m (Loturco et al.
2015a) .

Also among football players strength training has
been implemented to improve jumping and sprinting
at different age groups, however, this may be
inappropriate for young people, as this type of
training can limit their growth processes (Garcia-
Pinillos et al. , 2014; Loturco et al., 2015a, 2016b;
Silva et al., 2015; Behm et al., 2008). In this sense,
plyometric training can be applied among young
people to improve their performance (Loturco et al.,
2015a; Ramirez-Campillo et al., 2015a, b).

Some research points out that the use of resistance
exercises in training can have effects on explosive
force performance (Cormie, McGuigan & Newton,
2011). The most common in the training process are
jumps, due to the relatively low complexity, but to

improve the force-speed torque it is recommended to
maintain the half-flexion position (McBride,
Nimphius & Erickson, 2005; Chelly et al., 2009).

A recent study exploring the particular effects of
loaded jump squats and half squats in elite soccer
players revealed that both exercises are capable of
reducing the decrements in speed-power capacities
that commonly occur throughout professional soccer
preseasons (Loturco et. Al., 2015).

Another study investigated the effect of
plyometric training with loads on the performance
obtained among jumps, showing that external loading
during plyometric jumps shows a significant increase
in explosive ground reaction force (Cronin et al.,,
2014; McKenzie et al., 2014).

Other authors have analyzed the effects of
training with and without load on the performance of
long jumps and high jumps among football players.
Thus, after six weeks of training, improvements in
athletes' performance were highlighted, especially in
terms of load training (Rosas et al., 2016).

Another study demonstrated the effectiveness of
plyometric training with and without load on high
jumps among elite football players, the results being
significant in practice (Kobal et al., 2017).

It has been reported that loaded jump squats are
closely associated with speed tests and actual sprint
performance in top-level sprinters (Loturco si colab.,
2015a; Loturco si colab., 2015b). Another study
showed that maximal strength in half squats is
strongly associated with sprinting speed and jumping
height in high-level soccer players (Wisloff si colab.,
2004).

Another study showed that Jump squat was more
connected to sprinting, change-of-direction speed and
jumping abilities than half squat in elite rugby sevens
players and should be preferred for assessing and
possibly training elite athletes needing to improve
speed-power related abilities (Loturco si colab.,
2017).

Methods

The research analyzed 44 performance women
athletes from the first leagues of Romania, divided
into 3 groups: football (N=14), handball (N= 13) and
rugby (N=17), according to Table 1.

To evaluate the explosive strength we applied the
Squat Jump (football= 34.62 + 3.66 cm, handball=
37.69 = 4.27 cm, rugby= 34.53 + 6.21 cm), the
Countermovement Jump (football= 37.01 + 4.29 cm,
handball= 39.21 + 4.69 cm, rugby= 35.86 + 6.22
cm), the Free Jump (football= 42.78 + 5.31 cm,
handball= 44.14 + 3.90 cm, rughy= 39.78 + 7.04 cm)
and the 4 repeated jumps test (football= 1.89 + 0.38,
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handball= 2.03 + 0.35, rugby= 191 % 0.36).
Isometric strength was assessed using the handgrip

strength test (football= 60.63 + 10.84 kg, handball=
70.43 + 9.37 kg, rughy= 65.08 + 4.88 kg).

Table 1. Physical characteristics of the subjects

M+ SD
Football Handball Rugby
Variables (n=14) (n=13) (n=17)
Body mass (kg) 57.44 +£9.12 70.03 +8.33 58.81+5.18
Muscle mass (%) 29.01+ 2.16 31.06 +1.35 31.46 + 3.45
Body fat (%) 30.09 + 4.60 28.82 +2.34 28.48 +5.62

Results

Using Anova One-Way, significant differences
were highlighted only in terms of assessing the
strength of the palmar flexors (r=0.181, p=0.020),
between football and handball players, according to
Table 2. This may highlight the fact that between the

three groups of subjects there are no significant
differences in the values of the explosive force at the
level of the lower limbs.

Table 2. The average results of the subjects

M £ SD

Football Handball Rugby

(n=14) (n=13) (n=17)
SJ (cm) 34.62 + 3.66 37.69+4.27 34.53+6.21
CMJ (cm) 37.01+4.29 39.21 + 4.69 35.86 + 6.22
FJ (cm) 42.78 £5.31 44.14 +3.90 39.78 £ 7.04
4] 1.89+0.38 2.03+0.35 1.91+0.36
HS (kg) 60.63 + 10.84* 70.43 +9.37* 65.08 + 4.88
* p<0.05.

SJ-Squat Jump, CMJ-Countermovement Jump, FJ-Free Jump, 4J-4 repeated jumps test, HS-

handgrip strength test

The Pearson correlation showed a direct link
between body composition, explosive force and
isometric force, for all groups. Regarding the
correlations between body composition and explosive
and isometric force among football players, the
following correlations were highlighted in Table 3.

Thus, the correlations between the results of the SJ
and FJ tests were highlighted, and regarding the
relationship with the body composite, the correlations
between the body fat with the FJ and HS samples,
and between the muscle mass and the 4J sample were
highlighted.

Table 3. Football corelations

r value
Body fat Muscle mass SJ CMJ FJ 4]
(%) (%) (cm) (cm) (cm)
Body fat (%0)
Muscle mass(%b) -0.42
SJ (cm) -0.17 -0.03
CMJ (cm) -0.23 0.25 0.85
FJ (cm) -0.59** 0.36 0.76*** 0.86
4] 0.32 -0.62** -0.08 -0.41 -0.34
HS (kg) 0.62** 0.001 -0.14 -0.02 -0.28 0.33

SJ-Squat Jump, CMJ-Countermovement Jump, FJ-Free Jump, 4J-4 repeated jumps test, HS-handgrip strength test

* p<0.05
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Most of the links between the tests and the body
composition were noticed in the case of the handball

Between the strength evaluation tests, connections
are established between CMJ and 4J, FJ and SJ, all of

team, according to Table 4. Muscle mass is correlated which are correlated with body fat, less FJ.
with body fat, and also with CMJ and 4J samples.

Table 4. Handball corelations

r value
Body fat Muscle mass SJ CMJ FJ 4]
(%) (%) (cm) (cm) (cm)

Body fat (%0)
Muscle mass(%0) -0.79%**
SJ (cm) 0.34 -0.42
CMJ (cm) 0.56** -0.60** 0.92
FJ (cm) 0.47 -0.45 0.77*** 0.87
4] 0.64** -0.68*** 0.52 0.58** 0.34
HS (kg) 0.39 -0.05 0.22 0.30 0.34 -0.16

SJ-Squat Jump, CMJ-Countermovement Jump, FJ-Free Jump, 4J-4 repeated jumps test, HS-handgrip strength test

* p<0.05

According to Table 5, regarding the results of the
rugby team, correlations were highlighted only
between body fat, muscle mass and the FJ test. In the

rest of the results, the existing correlations are
insignificant.

Table 5. Rugby corelations

r value
Muscle SJ CMJ FJ 4]
BO(?)};)fat mass (cm) (cm) (cm)
(%)
Body fat (%0)
Muscle mass(%o) -0.86***
SJ (cm) -0.44 0.29
CMJ (cm) -0.43 0.26 0.97
FJ (cm) -0.52** 0.36 0.91 0.94
4] -0.19 0.25 0.28 0.34 0.42
HS (kg) -0.20 -0.02 0.07 0.002 0.13 -0.05
SJ-Squat Jump, CMJ-Countermovement Jump, FJ-Free Jump, 4J-4 repeated jumps test, HS-handgrip strength test
* p<0.05
Discussion For each analyzed group, correlations between the

The differences between our study groups are
insignificant, except for the strength of the palm
flexors, where handball players distance themselves
from football players. This can be explained by the
particularities of each sport, the catch of the ball in
handball being done with one hand and frequently,
while in football touching the ball with the hand is
sanctioned.

evaluated parameters were highlighted. Body fat is
related to the strength and percentage of muscle mass
for all our athletes. A significant link is made
between the percentage of body fat and muscle mass
for handball and rugby players. Thus, it seems that in
disciplines with high anaerobic effort the percentage
of adipose tissue decreases as a result of increasing
muscle mass.

Inactive mass is closely related to the level of
strength for each of the three disciplines addressed in

570



Ovidius University Annals, Series Physical Education and Sport/ SCIENCE, MOVEMENT AND HEALTH
Vol. XXI, ISSUE 2 Supplement, 2021, Romania
The journal is indexed in: Ebsco, SPORTDiscus, INDEX COPERNICUS JOURNAL MASTER LIST,
DOAJ DIRECTORY OF OPEN ACCES JOURNALS, Caby, Gale Cengage Learning, Cabell’s Directories

this paper. Knowing that body fat has an opposing
role for muscle contraction, we can draw the same
conclusion based on our results. In football players,
the explosive force of the lower limbs, in conditions
of elan with the arms, is negatively correlated with
the fat in their body, a fact also found in rugby
players. Interestingly, the strength of the palm flexors
increases when body fat decreases precisely in
players who do not use their hands during a sports
dispute. Handball players are helped by a low level of
adipose tissue when performing a vertical jump
without the help of the arms, which is very common
in the biomechanics of the game of handball. They
also have an improved ground reactivity of the legs
when the body composition is optimal.

Furthermore, rugby players no longer record any
correlation between results. Instead, football and
handball link their muscle mass to the reactivity of
their feet on the ground. From here it results that an
increased muscle mass will lead to a good speed of
departures from the place, which benefits the speed
of movement and agility, elements very common in
all sports games.

In handball there is also a positive correlation
between muscle mass and explosive force starting
from isometry, a game-specific feature, because
players are often in direct contact with an opponent
and immediately start an explosive action.

In general, there is a direct link between the SJ,
CMJ and FJ samples, as it requires the lower limbs,
under different conditions. This happens to football
players, the connection being established between SJ
and FJ. The two samples are biomechanically
differentiated from the initial position, as well as the
execution mode. However, a significant correlation is
established for football players, the explosive force
starting from a fixed position being interconnected
with the dynamic one. This connection is also present
in handball players, who also have a correlation
between the explosive force and the isolation of the
momentum of the arms and the ground reactivity of
the legs, the two tests increasing in value in the same
direction.
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