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Abstract

The aim of this study was to investigate the influence of body composition on the anaerobic strength of the lower
extremities, as well as the prediction of body composition on the results of anaerobic ability in professional football

players.

Materials and Method. The sample of respondents consists of female football players who compete in the highest rank
of the competition, the Serbian Super League. The total number of respondents included in the study was 21 female
football players (age 19.38 + 3.69, body height 166.48 + 6.17 cm, body weight 59.98 + 7.09 kg). The study is of a
transversal nature and testing was done in the pre-competition period. The sample of measuring instruments used

in the research are body composition and assessment of anaerobic strength of the lower extremities. Assessment of
body composition was performed indoors using a multifrequency bioelectric impedance (Inbody 770). Variables for
estimating the anaerobic strength of the lower extremities were obtained using a bicycle ergometer (Monark 839E) in

the Wingate Anaerobic Test.

Results. The results of body composition show a statistically significant influence on the prediction of maximum
anaerobic strength of the lower extremities in professional female football players (p < 0.05), as well as on the overall
work in the anaerobic zone and the mean values of anaerobic strength. Regression analysis of the influence of body
composition on the parameters of maximum strength in (W / kg) and fatigue rate does not show statistically signifi-

cant results.

Conclusion. There is a statistically significant influence of body composition, such as: body weight, lean body mass
(%), muscle mass in absolute and relative values, on the values of maximum anaerobic strength, mean values of
anaerobic strength and overall work in professional female footballers.

Keywords: Wingate Anaerobic Test, lower extremity anaerobic strength, body composition, training plan and

program.

Introduction

Today, about 20 million women play football worldwide,
which is approximately 10% compared to men (Ibrahim,
Yasar, Bayrakdaroglu, & Yildiz, 2019). However, despite the
growing popularity of women’s football around the world,
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studies on women’s football are limited. There is also an in-
creased need for specific studies such as the association and
impact of body composition on the physical predispositions
of female football players, which can help plan and program
training units and thus enable female football players to im-
prove and increase their physical abilities (Martinez-Lagu-
nas, Niessen, & Hartmann, 2014). Anaerobic activity is de-
fined as energy consumption that uses anaerobic metabolism
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(without the use of oxygen) that lasts less than 90 seconds
(Wilmore & Costill, 2004). The capacity to perform a variety
of activities of high, anaerobic intensity are important for
determining player’s abilities (Littl & Williams, 2005). Good
anaerobic capacity and good aerobic fitness are prerequi-
sites for a successful performance of women’s football (Mohr,
Krustrup, Andersson, Kirkendal, & Bangsbo, 2008; Sheppard
& Young, 2006), to help them perform high-intensity activi-
ties and help in recovery (Mohr, Krustrup, & Bangsbo, 2005).
Milanovi¢ et al,, 2017). Football is an activity in which an
occasional high-intensity exercise regimen is combined with
low-intensity movements (Krustrup, Mohr, Ellingsgaard, &
Bangsbo, 2005; Miller et al., 2007; Vescovi, Brown, & Mur-
ray, 2006). In addition to the different requirements in foot-
ball, there are movements that require maximum effort in a
short period of time, such as sprinting, acceleration, agility
and jumping (Gunnar & Svein, 2015). Krustrup et al., (2005)
found that female football players change different types of
activities, such as sprinting, walking, jogging, acceleration,
at different intensities from 152 to 186 heart rate per minute,
every four seconds. Reilly, Bangsbo, & Franks (2000) said that
most movements in a single match are performed without the
ball and mainly for this type of activity aerobic capacity is used,
while intense anaerobic activities occur during the activity at
the end of the game. Body composition is an important in-
dicator of an athlete’s physical condition and health (Mala et
al,, 2015). When it comes to women who play football profes-
sionally, Nikolaidis, (2014) concluded that body composition
values such as: body fat in% and kg, lean body mass in kg and
body mass index are closely related to somatotype and muscle
strength of the lower extremities. However, it is not possible to
talk about one, isolated property of body composition or abil-
ity, which is the decisive factor when talking about anaerobic
abilities and their results, values. When talking about the re-
lationship between body composition and anaerobic strength
of the lower extremities of women who play football profes-
sionally, Nikolaidis (2014) concludes that values for assessing
body composition, such as non-fat body mass (r = 0.84) and
body mass index (r = 0.70) , are significantly related to the
values of maximum anaerobic strength of the lower extremi-
ties as well as the values of body fat (r = 0.60) and the percent-
age of body fat (r = 0.42). Kiiglikkubas, Giinay, Lokliioglu, &
Kakil (2019) found that there is no correlation between the
percentage of lean body mass (r = 0.02), lean body mass in
kg (r = 0.26) and the percentage of body fat (r = -0.02) with
the values of maximum and mean anaerobic strength as well
as lower extremity fatigue rates in the Wingate test. Moraru,
Grigore, Alexandru-Rare, & Elisabeta (2017) the outcome of
their research also does not show a correlation between body
mass index (r = 0.434) and the values of maximum anaerobic
strength in professional football players. The relationship be-
tween the parameters for assessing body composition and an-
aerobic strength of the lower extremities in women, who play
football and compete in the highest rank of the competition,
remains unclear and requires additional research. Also, previ-
ous research has shown contradictory results when it comes
to the connection between body composition and anaerobic
strength of the lower extremities. When it comes to research,
which is based on the physiological and physical characteris-
tics of top female football players, still lagging behind, there
is not a sufficient number of papers, compared to research
related to their male football colleagues.
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The aim of this study was to investigate the influence of
body composition on the anaerobic strength of the lower
extremities, as well as the prediction of body composition on
the results of anaerobic ability in professional football players.

Materials and Method

Study participants

The sample of respondents consists of female football
players who compete in the highest rank of the competition,
the Serbian Super League. The total number of respondents
included in the study was 21 female football players (age
19.38 + 3.69, body height 166.48 + 6.17 cm, body weight
59.98 £ 7.09 kg). The study is of a transversal nature and
testing was done in the pre-competition period. The criteria
for inclusion were: players who joined the first team for at
least six months, players who played at least one half-season
before testing, that all players went through the preparation
period with the team, without injuries in the last six months.
Exclusion criteria were: persons in the recovery phase from
some form of acute or chronic injuries, persons in the process
of rehabilitation and football players who did not complete
the entire preparation period. All respondents were first in-
formed about the study, the purpose and goal of the research
and possible consequences were explained to them. Also, the
procedure and the course of the testing itself were explained
to the respondents. Prior to the survey, each respondent
signed a consent form to participate. For this research, the
consent and approval of the head coach and the president
of the club were obtained, and after that, testing was started.
The research was approved by the Ethics Commission of the
Faculty of Sports and Physical Education, University of Nis in
accordance with the Declaration of Helsinki.

Study organization

The sample of measuring instruments used in the re-
search are body composition and assessment of anaerobic
strength of the lower extremities. Assessment of body compo-
sition and anaerobic strength was determined in the morning
(09:30 h). Testing was done after the day of the break that the
players had. The day before the examination of the body com-
position, the examinees had to follow the protocol, which
included the requirements not to consume food or drink after
10 pm. Also, in the morning, before the test, the respondents
did not consume food and drink. Evaluation of body com-
position was performed indoors using multifrequency bio-
electric impedance (Inbody 770; Biospace Co. Ltd, Seoul, Ko-
rea), (Aandstad, Holtberget, Hageberg, Holme, & Anderssen,
2014) at frequencies 1, 5, 50, 250, 500 and 1000 kHz under a
controlled temperature of 23-28 ° C. This instrument uses an
eight-point tetrapolar tactile electrode system (four in con-
tact with the palm and thumb and the other four in contact
with legs) that separately measure the impedance of the arms,
trunk and legs. Participants (wearing minimal clothing)
placed their bare feet on metal scales and grabbed hand elec-
trodes according to the manufacturer’s instructions. Inbody
770 automatically measures total body mass, fat mass, muscle
mass and lean (muscle and bone) mass in absolute amount
up to the nearest 0.05 kg. Body height was measured using a
portable stadiometer (Seca 220, Seca Corporation, Hamburg,
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Germany) with a degree of 0.1 cm. Values of lean body mass
in% were obtained using the formula LBM % = LBM kg/ Body
weight kg. The values of muscle mass in% were obtained using
the formula MM % = MM kg / Body weight kg. Variables
for assessing the anaerobic strength of the lower extremities
were obtained using a bicycle ergometer (Monark 839E Swe-
den) in the Wingate Anaerobic Test (Hachana, Attia, Nassib,

tremities in female football players. The results of skewnwss
and kurtosis showed that there is a symmetry of the results
and that there is homogeneity of the results, the distribution
of the results was normal.

Table 1. Basic central and dispersion parameters of football
players (n = 21)

Shephard & Chelly, 2012; Beneke, Pollmann, Bleif, Leithauser Variables Mean+SD 95% CI

& Hiitler, 2002). The height of the seat is adjusted so that the - Lower Upper
subjects can take the optimal cycling position. The Wingate  TM (kg) 14.07 + 4.39 12.07 16.07
Anaerobic Test began with a five-minute warm-up ride at  LBM (kg) 45.91 + 4.1 44.05 47.78
50 to 60 rpm. .After five minutes of warming up, the subjects 1 (9) 76.93 + 5.02 74.64 79.22
continue driving. When the 70 rpm bicycle is reached, 'Fhe MM (kg) 25,42 + 241 2433 26.52
ergometer automatically applies (lowers) the load after which MM (%) 1258 4287 4127 143.89
the subjects pedal as fast as possible for the next 30 sec. After N e ) :
30 sec. the subject has two minutes of light pedaling to restore PP (W) >49.65 +92.57 >07:51 S9L.79
his heart rate. The load is adjusted on a predefined protocol, PP (W/kg) 9.34+1.59 8.61 10.06
7.5% by body weight. To estimate the anaerobic power of the ~ MP (W) 198.57 +74.37 164.71 23242
lower extremities, the variables were: maximum power (PP MP (W/kg) 331+1.17 2.77 3.84
W), maximum power (PP W / kg), mean power (MP W),  ER (%) 64.18 + 12.51 58.49 69.88
mean power (MP W / kg), fatigue rate (FR%) , total work  Tw () 11.02 + 1.51 10.33 11.71

(TWJ).

Statistical analysis

The data were processed by the Statistical Package for So-
cial Sciences SPSS (v17.0, SPSS Inc., Chicago, IL, USA). In the
first step, the basic descriptive parameters and distribution of
variables are determined. They were calculated for all tests
central and dispersive parameters: arithmetic mean (Mean),
standard deviation (Std. deviation) and Confidence interval
for mean (Lower and Upper). The normality of the distribu-
tion of the variables was derived through two procedures: the
asymmetries of the Skewness results and the homogeneity of
the Kurtosis results. Linear regression analysis was applied
to determine the influence and prediction of body composi-
tion parameters with the results of anaerobic strength of the
lower extremities. The statistical significance of the results
was p < 0.05.

Results

Table 1 shows the basic central and dispersion data on
body composition and anaerobic strength of the lower ex-

Legend: TM (kg) - body weight; LBM (kg) - lean body mass; LBM
(%) - lean body mass; MM (kg) — muscle mass; MM (%) — muscle
mass; PP (W) - maximum power; PP (W / kg) - maximum power;
MP (W) — mean power value; MP (W / kg) — mean value of power;
FR (%) - fatigue rate; TW (J) - total work.

The results of body composition show a statistically sig-
nificant influence on the maximum anaerobic strength of
the lower extremities in professional female football players
(Table 2). The statistical values were (p < 0.05), while the
coefficient of determination which tells how much of the
variance of the independent variable explains the model of
the dependent variable is 45% (R? = 0.457).

Regression analysis of the influence of body composition
on the parameters of maximum strength in (W / kg) does not
show statistically significant results. Also, when it comes to
the analysis of individual linear correlation (r) of body com-
position and PP (W / kg) there is no statistically significant
correlation.

The influence of body composition values on the pre-
diction of MP (W) shows statistically significant values
(p < 0.05). The coeflicient of determination of body com-

Table 2. Influence of body composition parameters on anaerobic strength of lower extremities of female football players

(n=21)

PP (W) PP (W/kg) MP (W) MP (W/kg) FR (%) TW (J)

Variables
r b r b r b r b r b r b

™ (kg) 309 1.053 -314 2.037 392% -.024 .149 -.606 -311 1.882 A412% 1.165
LBM (%) -.135* 903 .398 1.771 -.264*  3.664 -.057 3.089 267 -2.177 -.203* 2316
MM (kg) .667* .382 .156 -.382 .563* 918 .388 .896 -.297 -1.162 819* .628
MM (%) -.071* .019 420 .546 -251*  -3.883 -.059 -3.660 283 4.159 -.139%  -1.339
R2 457 236 517 297 .358 711

Legend: * p <.05; r — correlation coefficient; b — standardized regression coefficient; R? - coeflicient of determination; TM (kg) - body
weight; LBM (%) — lean body mass; MM (kg) — muscle mass; MM (%) - muscle mass; PP (W) - maximum power; PP (W / kg) — maxi-
mum power; MP (W) — mean power value; MP (W / kg) — mean value of power; FR (%) - fatigue rate; TW (J) - total work.
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position parameters to the mean value of strength was 51%
(R?=517). However, the independent variables did not show a
statistically significant effect on mean power values (W / kg).
The same results were obtained when talking about the influ-
ence of body composition on the fatigue rate. It has not been
established that there is a significant influence of body com-
position on the fatigue rate. The results of body composition
show a statistically significant influence on the total work in
the anaerobic zone (Table 2). Statistical values were (p < 0.05),
while the coefficient of determination was 71% (R? = 0.711).
Lean body mass (%) indicates the highest contribution to the
explanation of the dependent variable (b = 2.316).

Discussion

Changes in modern football have brought with them
changes in the intensity and type of movement. There is more
and more movement with a change of direction in a small
space, jumps, sprints, which requires high intensity. The study
by Ibrahim et al., (2019) shows that in football, different types
of activities, of different intensity, change every four seconds.
An anaerobic activity is defined as energy expenditure that
uses anaerobic metabolism(without the use of oxygen) that
lasts less than 90 seconds,utilizing an exhaustive effort. Two
major energy sourcesare required during the WAnT. The first
is the adenosinetriphosphate-phosphocreatine (ATP-PCr)
system, which lasts for 3 to 15 seconds during maximum ef-
fort. The second system is anaerobic glycolysis, which can be
sustained for the remainder of the all-out effort. Therefore,
the WANT measures the muscles” ability to work using both
the ATP-PCr and glycolytic systems. Many sports including
soccer, use anaerobic metabolism extensively during compe-
tition (Zupan et al., 2009). The values of body composition
in Table 2 show a statistically significant prediction on the
parameter of maximum anaerobic strength (W) (p < 0.05),
while the total variation of the system from the variable pre-
dictors and criteria was approximately 45% (R?* = 0.457).
Body mass (kg) is the value that most explains the depend-
ent variable (b = 1,053). The results of the study by Moraru
et al. (2017) also show a statistically significant correlation
between body weight and maximum anaerobic strength of
the lower extremities (p < 0.01), the correlation strength was
strong (r = 0.733) and body height and maximum anaerobic
strength (W) (p < 0.01, r = 0.612), however, there is no signif-
icant correlation between body mass index and maximum leg
strength in female football players. Kiiglikkubaset et al. (2019)
in top athletes did not get the relationship between lean body
mass in absolute and relative values and the percentage of
fat did not show a statistically significant correlation with
maximum strength (PP (W)). Analyzing the results of the
research Nikolaidis (2014), we noticed that the maximum an-
aerobic strength of the legs was statistically significantly asso-
ciated (p < 0.001) with the body fat index (r = 0.70), fat mass
(r = 0.60) and non-fat body mass (r = 0.84). ), while the per-
centage of body fat was statistically related (p < 0.01) in values
(r = 0.42). When it comes to the influence of body composi-
tion parameters on maximum strength in (W / kg), the re-
sults of our research do not show a correlation of these values.
However, Nikolaidis (2014) in his work obtained results in
which there is a relationship between maximum strength in
(W / kg) and body fat percentage (p < 0.01, r = -0.42). The
results of the mean value of strength (W) show a significant
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relationship p < 0.05) with body composition values. The
coeflicient of determination was (R* = 0.517), which means
that the set of independent variables, in this case the val-
ues of body composition, 51% explains the dependent vari-
able. The strength of the correlation between muscle mass
(kg) and the mean value of anaerobic strength of the legs is
(r = 0.563). The results of the study by Moraru et al. (2017)
show a significant correlation (p < 0.05, r = 0.457) between
mean strength (W) and body weight as well as body height
and mean strength (W) (p < 0.05, r = 0.416). Also, Nikolaidis
(2014) found that the mean values of anaerobic strength (W)
show a significant correlation (p < 0.001) with the body mass
index (r = 0.50) and lean body mass in kg (r = 0.71), while
fat mass in kg shows a slightly weaker correlation (p < 0.05,
r = 0.35). In the research of the same author, the percentage
of body fat does not show a significant correlation with the
average value of strength (W). Kiicikkubaget et al. (2019)
did not establish a correlation between lean body mass in
absolute and relative values and the percentage of fat with the
results of the mean value of strength (W). There are differ-
ences in the results of our research, when we talk about the
influence of body composition parameters on the mean value
of strength (W / kg), and the results obtained by Nikolaidis
(2014). In our research, we did not obtain and did not deter-
mine the influence and connection between body composi-
tion and the mean value of strength (W / kg). However, the
results of a study conducted by Nikolaidis (2014), suggest
that body mass index, body fat percentage, and fat mass in kg
are negatively correlated with mean strength (W / kg). Body
mass index shows a correlation in value (p < 0.01, r = 0.41),
and the percentage of body fat (p < 0.001, r = 0.63) and fat
mass in kg (p < 0.001, r = 0.63). Influence of parameters body
composition on fatigue rate values (%) in our study do not
show a statistically significant correlation and significant ef-
fects on the dependent variable. Similar results were obtained
by Kiigiikkubaset et al. (2019) who did not find a correlation
between lean body mass in absolute and relative values and
the percentage of fat with fatigue rate results (%). However,
the Nikolaidis study (2014) did not find a statistically signifi-
cant correlation only with lean body mass in kg, while body
mass index (p < 0.05, r = 0.36), body fat percentage (p < 0.05,
r = 0.34) and fat mass in kg (p < 0.05, r = 0.36) showed a
moderate correlation with fatigue rate values (%) in the Win-
gate Anaerobic Test. Moraru et al. (2017) in whose research
the results of the female football player show a correlation
(p < 0.05) only between body height and fatigue rate (%) in a
moderate correlation (r = 0.474). The results of body compo-
sition show a statistically significant influence on the predic-
tion of total work (J) in the anaerobic zone. Statistical values
were (p < 0.05). The coefficient of determination that tells
how much of the variance of the independent variable ex-
plains the model of the dependent variable 71% (R* = 0.711).
The highest contribution to the explanation of the dependent
variable is shown by LBM (%) with (b = 2.316).

Conclusion

Based on the obtained results, the following can be
concluded:

There is a statistically significant influence of body com-
position, such as: body mass, lean body mass (%), muscle
mass in absolute and relative values, on the values of PP (W),
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MP (W) and TW (J) in female professional footballers. Based
on the obtained results, we can conclude that the parameters
of body composition affect the values of anaerobic strength
of the lower extremities.

These results should be taken into account in the analysis
of the physical fitness of female professional football play-
ers. The anaerobic ability of the lower extremities, as one of
the important abilities for achieving top results in modern
football, has been shown to depend a lot on the value of body
composition. The proposal and conclusion of the paper is
that in some further research, in order to obtain the most
relevant results, more variables for the assessment of body
composition should be included, primarily body fat in per-
centages and lean body mass in kilograms. Also, it is recom-
mended to take other ranks of the competition as a sample of
respondents, as well as different age categories.
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BrJinB NAPAMETPIB bYAOBU TIJIA HA AHAEPOBHY
CUNY HAXKHIX KIHUIBOK'Y OYTBONICTOK

Amna JTimiu'4*“PE, Mapko MlokcumoBuu®*“PE, Credanis [I’ Anreno’*F,

Cinima Kapimmk**E, Illamanp Xamapt, Hoina lapgamesny

"YuiBepcurer Hinra

*Hanionanbuuii ¢pyr6onpHmit Kiry6 YopHoropii

*YuiBepcurer “Ilapdenon”
*YuiBepcuter CxigHoro CapaeBo
*CopaHCbKuil YHiBepcuTeT

‘[TouaTkoBa 1mkona Joopucnas [Ix. [TlepyHoBuy

6AE

ABTOpCHKNMIT BKIAA: A — [U3aiiH HOCTimKeHHs; B - 36ip ganux; C - crarananis; D - migrotoska pykomucy; E — 36ip komTis

Pedepar. Crarts: 6 c., 2 Tab1., 21 HKepeno

Mera gocnigKeHHA — BU3HAUUTH BIUIMB CKIajly Tila Ha
aHaepoOHY CWIY HIDKHIX KiHIIIBOK, @ TAKOXK IPOTHO3YBaHH:A
BIUIMBY CK/IAfly Ti/Ia Ha pe3y/IbTaTyi aHaepoOHMX 3ai6HOCTEI ¥
npodeciitHux ¢pyTbOMicTIB.

Marepianu Ta MmeTomu. BM6ipKy PECIIOHTIEHTIB CKIajia-
10Tb GYTOOMICTKU-KIHKY, SIKI 3MAaraTbcA Yy HalBUIIOMY
paury smaranb, Cynepnisi Cep6ii. 3aranbpHa KinbKicTh pec-
HOHJEHTIB, AKi Oy BK/IIOYeHi B focimimKeHH:A, — 21 dyrbo-
micTka (Bik 19,38 * 3,69, spict Tina 166,48 + 6,17 cm, Maca Tina
59,98 + 7,09 kr). [Joc/ifpkeHHA HOCUTD TIOIePeYHMII XapaKTep,
i TeCTyBaHHA IPOBOAMJIOCA Y MifroroBuyomy nepiopi. ocmi-
MDKYBA/IMCSL CKJIAJ| Ti/la Ta OLiHKA aHAaepOOHOI CH/IM HIDKHIX
KinniBok. OLiHKY CKIaAy Tila IpOBOAMIN Y IpUMillleHHi 3 BU-
KOPUCTaHHIM 0araTo4acTOTHOTO 6i0e/IeKTPUYHOrO iMIteaH-
cy (Inbody 770). 3MiHHi fy1a OLiHKYM aHaepOOHOI CUIM HIDK-
HiX KiHIIIBOK Oy/1M OTpMMaHi 3a JOIOMOTOI0 Bel0eproMerpa
(Monark 839E) B anaepo6HoMy TecTti Wingate.

Pesynbratu. Anasis 6yfoBu Tina CBifYNTH PO JOTO CTa-
TUCTMYHO 3HAYYINI BIUIMB HA IIPOTHO3YBAaHHA MaKCYMAa/IbHOI
aHaepoOHOI cumM HIDKHIX KiHLIBOK y mpodeciitHux ¢yrodo-
mictok (p < 0,05), a TakoXX Ha 3arajabHy pobOTYy B aHaepob-
HilT 30Hi Ta cepefiHi 3HaYeHHs aHaepoOHOI cumn. Perpeciitamit
aHasli3 BIVIMBY CK/IAy Tilla Ha IapaMeTpy MaKCUMaIbHOI CUIN
(Bt / xr) Ta mBMAKOCTi BTOMM He IOKa3ye CTATUCTUYHO 3Ha-
YYILIUX PE3Y/IbTATIB.

BucHOBOK. IcHy€e cTaTMCTHMYHO 3HAYYLIMI BIVIMB CK/IAZY
tima (Maca tima, HeXXupHa Maca Tina (%), M’s30Ba Maca B abco-
JIIOTHUX Ta BITHOCHMX 3HAUeHHAX) Ha 3HAYeHHA MaKCYMaJIbHOI
aHaepoOHOI cuM, CepefiHi 3HaueHHs aHaepoOHOI cuIM Ta 3a-
rajbHi HOKa3HUKM po6oTu B mpodeciitHux GpyTdomicTok.

KnrouoBi cmoBa: aHaepo6Huit tect Wingate, aHaepo6-
Ha CMJIa HVDKHIX KiHLIBOK, CK/IaJ| Ti/lla, IJIaH Ta Iporpama
TPEHYBaHb.
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