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N o G

Abstract: Muscle strength, power, balance and speed assume decisive roles in football performance.
This study aims to investigate whether lower limb flexibility, particularly the hip flexors and knee
extensor and flexor muscles, are correlated with vertical jump performance, balance and speed in
adult football players. A sample of 22 male amateur football players (age: 22.3 £ 3 years; height:
175.4 £ 7.4 cm; weight: 74.9 £ 11.6 kg; BMI: 24.2 + 2.6 kg/ mz) were assessed for lower limb flexibility,
vertical jump, balance and speed. Results indicated that vertical jump ability is moderately correlated
with left knee extensors flexibility (p = —0.426; p = 0.048), which did not occur on the right side.
There were no statistically significant correlations between vertical jump and knee flexors flexibility
(p =0.330; p = 0.133). In balance, the reaching distance on the right side presented a moderate and
statistically significant correlation with the knee flexors flexibility (p = 0.411; p = 0.040), which was
not observed on the left side. Velocity was not correlated with the knee extensors flexibility (right:
p = 0.360; p = 0.100; left: p = 0.386; p = 0.076), or with the knee flexors flexibility (p = —0.173; p = 0.440).
In conclusion, the influence of flexibility on vertical jump ability, balance and speed appears to exist.
Further research should seek to clarify the associations between these abilities.
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1. Introduction

Similar to other team sports, football requires adequate aerobic and anaerobic training,
with the game including short high-intensity activities interspersed with longer low- to
moderate-intensity activities [1-3]. In professional football, the average distance and
duration of a sprint run are relatively short, rarely exceeding 20 m [4,5]. Despite its short
duration, sprint performance is considered relevant for football performance [6].

As a result, football players must develop a high level of athleticism, which must
be associated with a set of other factors, such as technical, tactical and mental skills, to
achieve success [6,7]. Variables such as cardiorespiratory capacity, muscle strength, power,
speed, agility, coordination and balance increasingly assume greater and decisive roles in
the sports performance of athletes [6-9].

During a football match, players perform from 150 to 250 different actions, being
forced to perform uni- and bilateral, repetitive and explosive movements, such as sudden
acceleration and deceleration tasks, rapid changes in direction, shots and jumps in which
unilateral dynamic balance is considered a fundamental component to ensure safety and

Appl. Sci. 2022, 12, 5425. https:/ /doi.org/10.3390/app12115425

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app12115425
https://doi.org/10.3390/app12115425
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-1568-4658
https://orcid.org/0000-0003-2310-1560
https://orcid.org/0000-0002-2433-5193
https://orcid.org/0000-0002-3774-6661
https://orcid.org/0000-0002-1500-355X
https://doi.org/10.3390/app12115425
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app12115425?type=check_update&version=1

Appl. Sci. 2022,12, 5425

20f11

precision [5,8,10]. The actions performed on the pitch vary according to the player’s
position [11]. Nonetheless, those basic movement patterns demand a rapid development
of strength and high anaerobic power of the neuromuscular system to efficiently use the
stretch-shortening cycle in ballistic movements [12-14].

Muscle strength is an important component of physical training in sport, both for
performance and to prevent injuries [12]. Indeed, this is related to other components,
such as speed, balance and vertical impulse. Previous studies on this topic have revealed
positive correlations between lower limb muscle strength and sprint ability and balance [15].
Regarding vertical jump, its performance is not solely dependent on lower limb strength,
but also on the rate at which the muscle units are able to generate force, the speed of
contraction, the ability to use the stretching-shortening cycle and the degree of inter- and
intramuscular coordination [16].

Flexibility is the ability to move a joint through its full range of motion (ROM) and
is one of the five elements of health-related physical fitness, along with cardiorespiratory
endurance, body composition, strength and muscle endurance. It is important in the ability
to perform daily life activities, as well as in athletic performance, and depends on various
specific variables, including muscle viscosity, joint capsule distensibility and adequate
warming. In addition, the compliance, that is, the stiffness of various other tissues such as
ligaments and tendons, can affect ROM [17].

Considering that flexibility training, through stretching, is a common practice in sport,
it is up to strength and conditioning coaches, trainers and other professionals who work
in the sports context to reflect on its usefulness and practical applicability [18]. Research
on flexibility in football has focused primarily on studying its effect on the proneness to
injury and the acute effects of stretching on performance, matters that are still not clear in
the literature [2,3,7,19-34].

The incidence of injuries, particularly in the hamstrings, has received increasing at-
tention in the football medicine community, as it is one of the most common injuries in
professional football [35]. A systematic review of potential risk factors for hamstring injury
in male players identified the reduced flexibility of this muscle group as a possible risk fac-
tor [19]. Decreased hamstring flexibility during preseason testing has also been associated
with an increased risk of injury in football players from Belgium and England [20].

Conversely, other studies show that the risk of hamstrings injury was negatively
correlated or not associated with flexibility [21,22]. Considering the above, there is an
apparent conflict about the role of flexibility and stretching in reducing the risk of injuries
in football players, and it is not clear which stretching practices are effective for this purpose.
A meta-analysis that analyzed the effectiveness of exercise interventions in reducing the
risk of sports injuries found no protective effect on stretching [29]. Consequently, there is
no scientifically based prescription for stretching exercises and the recommendations in
common practice are based primarily on unsystematic observations [2].

Most muscle injuries occur during eccentric contractions within the normal joint range
of motion and some of the strongest risk factors are load management, the existence of a
previous injury, fatigue and muscle imbalances. Therefore, increasing the range of motion
through stretching is not expected to help reduce injury risk [23,36]. While some authors
argue that the changes observed in the range of motion after a stretching program are due
to anatomical or structural tissue changes, when large volumes and intensities are used for
considerable periods [30,31] others mention that they are due to the participants’ increased
tolerance to the discomfort caused by stretching (neurophysiological effect) [25,32].

The literature is not consensual concerning stretching, and this practice seems to be
falling into disuse, with its replacement by other tools, namely strength training [18,33]. In
addition to the numerous systemic benefits, recently documented by Maestroni et al. [37],
strength training has also been shown to be an effective strategy for gaining ROM in ath-
letic populations, which may favor the choice of this type of intervention over stretching
programs [38]. An increase in the length of the fascicle, a better agonist-antagonist coacti-
vation (reciprocal inhibition) and an enhancement of the lengthening—shortening cycles
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are the main mechanisms proposed for these changes in flexibility as a result of strength
training [33].

The contribution of flexibility to performance is still unclear [7,23-28]. In static stretch-
ing, for example, it is hypothesized that the increase in ROM around a joint occurs because
of the maintenance of maximum amplitudes for longer periods, compared to alternative
modalities (dynamic, ballistic or PNF), causing the increase in tendon elasticity and decrease
in muscle viscosity, which produces a reduction in the stiffness of the musculotendinous
unit and passive torque, generating greater stretching of the tissues [24]. However, studies
have shown that this stretching modality can induce acute harmful effects, resulting from
these neural and peripheral mechanisms, particularly from the reduction of musculotendi-
nous stiffness, which effects will increase with stretching duration because of a decrease
in muscle contractile capacities and the production of maximum muscle strength and
power [24,25].

Hence, the literature shows that static stretching should be used with caution, or even
avoided during warm-up, to prevent subsequent potentially deleterious effects on perfor-
mance, except for specific cases such as athletes who will resort to extreme ranges (handball
goalkeepers, gymnasts or ballerinas, for example) [18,24]. The inclusion of dynamic stretch-
ing exercises, on the other hand, can help in the warm-up and preparation process for the
activity, given the increase in muscle temperature, when combined with aerobic exercise of
submaximal intensity and activities specific to the sport in question [25,32].

Concerning recovery, the assumptions for the use of stretching are related to the
reduction of DOMS (delayed onset muscle soreness). Evidence indicates that stretching
does not reduce muscle pain or the presence of inflammatory muscle markers in the days
following (up to 72 h) after exercise, whether applied before or after the activity [25,27,28].
Sands et al. [25] also concluded that static stretching exercises as a form of recovery do not
present benefits compared to other passive modalities proposed in the literature, such as
cryotherapy, contrast baths and electrical stimulation.

Flexibility is an important component of an athlete’s physical capabilities, with impor-
tant implications for their overall performance [7,8,12,17,39]. Although the acute effects of
stretching on sports performance are well-established [23-28,34], few studies [7] analyze
the impact of lower limb (LL) muscle flexibility concerning skills such as vertical jump,
balance and speed in adult football players.

Given the above, this work aims to better understand these relations and find the
associations between lower limb flexibility and vertical jump, balance and speed in ama-
teur football players, to help develop new guidelines and recommendations alluding to
flexibility, its training and its practical applicability and usefulness in the sports context
and football in particular. The authors hypothesize that flexibility of the lower limbs would
positively correlate with performance on vertical jump, balance and speed tests.

2. Materials and Methods

The study was observational and descriptive, being conducted at the RoboCorp
laboratory—I2a of the Polytechnic Institute of Coimbra, after having received the approval
of the institution’s Ethics Committee (Approval number: 116_CEIPC2/2020). Data collec-
tion took place during the season when competitions resumed after being interrupted by
COVID-19. The type and technique of sampling were, respectively, non-probabilistic and of
convenience. The study’s sample size was determined using the G*power software (Franz
Faul, Edgar Erdfelder, Axel Buchner, Universitit Kiel, Germany, version 3.1.9.6) with a
power of 0.80, a correlation effect size of 0.60, and a significance level of 0.05. Therefore, a
minimum of 17 individuals were needed.

2.1. Participants

The study sample included 22 adult, amateur football players (age: 22.3 &+ 3 years;
height: 175.4 £ 7.4 cm; weight: 74.9 + 11.6 kg; BMI: 24.2 + 2.6 kg/mz), who met the
following eligibility criteria:
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Inclusion criteria: football players; being federated in the Portuguese Football Feder-
ation, at the time of 2020/2021; age > 18 years old; male; accepting to participate in the
study with an informed consent signed by the person.

Exclusion criteria: players unable to understand and/or perform data collection;
players undergoing rehabilitation and/or with an injury for less than 3 months; players
who tested positive for COVID-19 and/or had to change their lifestyle in the last 3 months.

2.2. Procedures

After presenting and explaining the procedures to the participants and consequently
obtaining informed consent, characterization data were collected. Body weight was mea-
sured with an electronic scale (TANITA SC-330), with the participant wearing the least
amount of clothing. For height measurement, shoes were removed before using a stadiome-
ter. BMI was calculated by dividing body weight by the square of height [17]. Participants
were also asked about some subjective indicators of well-being, namely the motivation for
the proposed tasks, the quality of sleep the night before, the perception of fitness status
and the perception of general well-being, through a scale from 0 (none) to 10 (maximum),
to assess their physical and psychological availability [40].

Participants performed a 5 min low-intensity running warm-up exercise. After the
warm-up, tests were administered to assess the characteristic football skills considered:
vertical jump ability, balance and speed.

The vertical jump was evaluated with the countermovement jump. Participants started
from an upright position, with feet shoulder-width apart, legs fully extended, and hands
on hips to eliminate upper limb movement [41,42]; they were then asked to perform a
quick semi-flexion of the hips and knees, followed by an explosive extension so that they
immediately perform a maximum vertical jump [42]. Before the test participants were
asked to perform several submaximal familiarization attempts. Jump height (cm) was
recorded using the Optojump system (Microgate, Italy). Participants performed three trials
with a 30 s recovery period between them. The mean value was used for subsequent
analysis [12].

The Y balance test was used to assess balance, according to the protocol described by
Shaffer et al. [43]. Starting in a unipedal support stance and with hands placed on hips,
the participants were asked to reach the contralateral leg as far as possible in the three
test directions (anterior, posteromedial and posterolateral). Each participant performed six
training attempts to minimize the influence of a learning effect. The test was performed
in the following order: anterior with the right lower limb (in support), anterior with the
left lower limb, posteromedial with the right lower limb, posteromedial with the left lower
limb, posterolateral with the right lower limb and posteromedial with the right lower limb,
lateral with left lower limb [43]. Participants completed three successful testing attempts
for each reach direction, with each of the lower limbs being averaged (absolute reach
distance in cm). Subsequently, the normalized reach distance was calculated, in %, for each
direction and side (absolute reach distance/actual length of the lower limb x 100) and,
finally, the composite reach distance for each side, also in % (sum of the three normalized
reach distances/three times the actual length of the lower limb x 100), with the lower limb
measured from the anterosuperior iliac spine (ASIS) to the medial malleolus. Attempts
were discarded and repeated if the participant failed to maintain a unilateral stance, failed
to maintain range foot contact with the range indicator in the target area while the indicator
is in motion (kicking the range indicator to obtain a performance), using the reach indicator
for support, or failed to return the reaching foot to the starting position.

The 20 m sprint test was used to assess speed. The test was done on a tarmac floor,
with two cone doors 20 m apart. Witty timing gates (Microgate, Italy) were used, and
the participants always adopting the same posture: split posture, with one foot forward
and one foot behind, with the starting line placed 0.3 m behind the first timing gate, as
recommended by Altmann et al. [44]. Participants completed three trials, with 3 min of
passive recovery between each trial [45], and the average time was considered.
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Flexibility assessment of the hip flexor and knee extensor muscles, as well as the
knee flexor muscles, was done with the modified Thomas test and the sit-and-reach test,
respectively. Hip and knee flexion angles were measured with a goniometer, always by the
same examiner [46].

The sit-and-reach test was done according to the protocol described by Ayala et al. [47],
with the result being defined as the best of two attempts recorded [17]. When the participant
could not reach the zero-box mark, the test score was set to 0 cm.

2.3. Statistical Analysis

The statistical analysis was made with IBM SPSS Statistics, version 27. Spearman’s p
correlation coefficient was used to verify the existence of correlations between the flexibility
tests and vertical jump ability, balance and velocity tests. The degree of significance was set
atp <0.05.

3. Results

The sample included 22 adult (Table 1), amateur football players, all male (age:
22.3 & 3 years; height: 175.4 &+ 7.4 cm; weight: 74.9 4+ 11.6 kg; BMI: 24.2 £ 2.6 kg/mz).
The individuals played football for 13.5 £ 3 years, mostly right-handed (1 = 15; 68.2% vs.
n =7;31.8%). Regarding the player position on the field, seven players were midfielders
(31.8%), six were defenders (27.3%), five were forwards (22.7%) and four goalkeepers
(18.2%). Table 1 shows the data regarding the characterization of the sample.

Table 1. Sample characterization data (1 = 22) 2.

Age, Years 22.3 £ 3.0 (18-32)
Height, cm 175.4 + 7.4 (159.7-189.7)
Weight, kg 74.9 + 11.6 (50.4-95.4)
BMI, kg/m? 24.2 £+ 2.6 (19.8-29.9)
Lower Limb Real Length (ASIS-medial malleolus), cm
Right 94.5 + 5.7 (82.1-104.0)
Left 94.7 + 5.8 (82.2-104.0)
Dominant Side
Right 15 (68.2)
Left 7 (31.8)
Player Position on the Pitch
Goalkeeper 4(18.2)
Defender 6 (27.3)
Midfielder 7 (31.8)
Forward 5(22.7)
Years of Football Practice, years 13.5 + 3.0 (5-18)

2 Data are reported as mean + standard deviation (minimum-maximum) or frequency (percentage).

Moderate to high scores were observed in the evaluated subjective indicators of
well-being, with emphasis on motivation for the proposed tasks (9.0 & 1.2) and on the
perception of general well-being (7.1 & 1.2). In the other two constructs, that is, sleep
quality of the previous night and perception of fitness status, the values showed greater
variation compared to the previous ones, with the scores being 6.7 = 1.7 and 6.1 &+ 2.1,
respectively (Table 2).

Table 2. Data on subjective markers of well-being 2.

Motivation for the Proposed Tasks 9.0 £ 1.2 (5-10)
Quality of Sleep the Night before 6.7 = 1.7 (4-10)

Perception of Being in Shape 6.1 +2.1 (1-10)
Perception of General Well-Being 71+12((59)

2 Data are reported as mean =+ standard deviation (minimum-maximum).
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Regarding the skills analyzed (vertical jump, balance and speed), the data are pre-
sented in Table 3. The mean vertical jump height was 32.4 + 5.9 cm, with scores varying
between 20.2 and 48.7 cm.

In the Y balance test, the mean values of absolute reach and normalized reach dis-
tances tended to be greater when the left lower limb was in support, in the anterior and
posteromedial directions, and this difference was also noted after calculating the composite
range distance (85.3 £ 10.3%)—which was expected since 15 of the 22 participants were
right-handed and, for example, technical gestures such as passing, shooting or tackling are
performed with support on the non-dominant side. The 20 m sprint performance varied
between 2.94 and 3.67 s, with the average value of 3.26 s.

Table 3. Data on vertical jump height, balance and speed tests °.

Vertical Jump, cm 32.4 + 5.9 (20.2-48.7)
Balance
Absolute Reach Distance, cm
Anterior with right LL 68.5 + 5.7 (58.3-79.5)
Anterior with left LL 69.2 + 6.9 (57.8-82.7)
Postero-medial with right LL 77.4 + 8.3 (60.5-88.5)
Postero-medial with left LL 78.7 £ 7.6 (60.4-92.7)
Postero-lateral with right LL 80.0 £ 6.8 (58.6-91.9)
Postero-lateral with left LL 79.7 + 8.2 (60.6-92.3)
Normalized Reach Distance, %
Anterior with Right LL 72.6 + 6.7 (56.1-82.4)
Anterior with Left LL 73.3 + 8.2 (55.6-84.9)
Postero-Medial with Right LL 82.0 £ 8.8 (58.4-91.9)
Postero-Medial with Left LL 83.2 £7.5(62.5-92.8)
Postero-Lateral with Right LL 84.8 + 7.7 (71.4-101.7)
Postero-Lateral with Left LL 84.3 £+ 8.1 (58.2-94.3)
Composite Reach Distance, %

Right side 84.9 £ 10.4 (59.8-103.4)

Left side 85.3 £ 10.3 (56.5-100.9)

20 m sprint time, s 3.26 + 0.19 (2.94-3.67)

2 Data are reported as mean + standard deviation (minimum-maximum); LL: lower limb.

Regarding flexibility (Table 4), participants had slightly less flexibility on the left
(4.9 & 4.4°) than on the right (4.5 & 3.9°) at the hip level. In turn, the knee extensor muscles
presented very similar flexibility values for both lower limbs (Table 4).

Table 4. Data on flexibility tests 2.

Modified Thomas Test, deg (°)

Right hip flexion 4.5+ 3.9 (0-13)
Left hip flexion 49 + 4.4 (0-15)
Right knee flexion 67.0 + 10.1 (42-86)
Left knee flexion 67.5 + 9.8 (48-85)
Sit-and-Reach Test, cm 27.2 £10.5 (6-44.5)

2 Data are reported as mean + standard deviation (minimum-maximum).

The sit-and-reach test average values (27.2 cm) are within the ACSM’s Guidelines for
Exercise Testing and Prescription [17] acceptable values for males between 20-29 years old.
It should also be highlighted the diversity of values obtained, ranging from 6 to 44.5 cm.

The correlation coefficient did not find any strong (0.7 < p < 0.89) or very strong
(0.9 < p < 1.0) correlations between the flexibility tests and vertical jump height, balance
or speed tests (Table 5) and the vertical jump showed a statistically significant moderate
correlation with the flexibility of the left knee extensors (p = —0.426; p = 0.048). On the right
side, however, the correlation was not statistically significant (p = —0.311; p = 0.160).
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Similarly, correlations between the vertical jump and the flexibility of the knee flexors
were also weak and not statistically significant (p = 0.330; p = 0.133). In balance, the
composite reach distance of the right side presented a moderate and statistically significant
correlation (p = 0.411; p = 0.040) with the flexibility of the knee flexors, with the composite
reach distance of the left side, although not diverting much from the contralateral, had no
statistically significant correlation (p = 0.364; p = 0.096).

It should also be noted that weak correlations were recorded, but very close to moder-
ate, between the speed with the flexibility of knee extensors (Table 5), which were also not
statistically significant (right: p = 0.360; p = 0.100; left: p = 0.386; p = 0.076). Similarly, speed
did not correlate with the flexibility of the knee flexors (p = —0.173; p = 0.440).

Table 5. Correlation coefficients between data on flexibility tests and data on vertical jump balance
and speed tests .

Composite Reach Composite Reach

Vertical Jump Distance, Right Side Distance, Left Side Speed
Modified Thomas Test
Right hip flexion 0.097 (p = 0.667) —0.004 (p = 0.986) —0.026 (p = 0.908) —0.151 (p = 0.501)
Left hip flexion —0.152 (p = 0.498) —0.016 (p = 0.942) —0.035 (p = 0.878) —0.025 (p = 0.912)
Right knee flexion —0.311 (p = 0.160) —0.100 (p = 0.659) —0.202 (p = 0.366) 0.360 (p = 0.100)
Left knee flexion —0.426 (p = 0.048) —0.129 (p = 0.567) —0.203 (p = 0.364) 0.386 (p = 0.076)
Sit-and-Reach Test 0.330 (p = 0.133) 0.411 (p = 0.040) 0.364 (p = 0.096) —0.173 (p = 0.440)

2 Correlation coefficients p of Spearman; p < 0.05.

4. Discussion

This study aimed to assess whether lower limb flexibility levels correlate with vertical
jump height, balance and speed, in adult amateur football players. After data analysis,
correlations were found between flexibility and vertical jump height, balance and speed,
with weak to moderate strength associations. It was found that the lower the knee flexion
angle and therefore the flexibility of knee extensors, the greater the vertical jump height,
with statistical significance only for the left side (right: p = —0.311; p = 0.160; left: p = —0.426;
p =0.048).

Vertical jumps are frequent actions in football. Although the relationship between a
bipedal test and single-limb flexibility may be questionable, this can be explained from
a movement efficiency perspective. Players need to jump quick and explosively, with a
short eccentric movement phase, and cannot be required for large knee stretching muscle
units, generating larger muscle stiffness. A study developed by Rey et al. [7] indicated
that the group of professional football players with lower knee extensors flexibility had
greater muscle stiffness (r = 0.516; p < 0.001) compared with the most flexible group, which
can facilitate the production and transmission of contractile force and energy release in
relatively fast stretching—shortening activities such as jumping and sprinting. In this sense,
the same authors observed that the less flexible players had better performance in all
anaerobic performance tests, particularly the countermovement jump (difference between
groups = 5.26%; p = 0.042), which was also noticed in the present study.

It should be noted that the knee flexors’ flexibility did not show a statistically sig-
nificant correlation, with vertical jump height (p = 0.330; p = 0.133). Although with a
sample of amateur players and considering the differences this group may have when
compared with top level players, these findings follow Rey et al. [7], who did not find
evidence that flexibility limitations in the knee flexors of professional football players
decrease the jump performance (difference between groups = 1.28%; p = 0.617). However,
Garcia-Pinillos et al. [12] observed that young semiprofessional players with greater knee
flexors flexibility presented better results in all tasks studied, particularly the countermove-
ment jump (between-group difference = 10.49%; p = 0.024).

In addition, Kirkini et al. [39] reported that the countermovement jump performance
was significantly better in the group of young elite football players who showed higher



Appl. Sci. 2022,12, 5425

8of11

levels of knee flexors flexibility (p = 0.023). The reasons for this variance in the results still
need to be determined. However, age (adults and young people) and the competitive level
of the sample (amateurs, semiprofessional, professionals and elite) may explain it.

Regarding balance, players with greater knee flexors flexibility showed greater range
on the right (p = 0.411; p = 0.040), but not on the left side (p = 0.364, p = 0.096). This may be
explained by the fact that these players were all right-footed, presenting greater hip flexion
range of movement (fundamental to the lower limb in support, during the Y balance test)
and knee extension (relevant to the reach of the lower limb), which allows them to make
further reach distances.

In a 2020 study [8] that aimed to understand how the dynamic balance related to
flexibility, sprint, strength and jump in young football players, it was found that some
reach directions from the star excursion balance test and flexibility of the knee flexors had
positive and significant correlations (anterior and anteromedial; p < 0.05), while others
were considered negatively significant (posterior and posteromedial; p < 0.05). It should be
noted that, according to Overmoyer et al. [48], the Y balance test can help identify flexibility
deficits of the lower limbs and flexibility asymmetries in the ankle and hip regions, which
points to the possible precarious relationship between balance and flexibility in the knee
region, justifying this conflict of data.

The knee extensors’ flexibility did not show statistically significant correlations with
speed, despite the most flexible players being slower in the 20 m sprint (right: p = 0.360;
p = 0.100; left: p = 0.386; p = 0.076). Similar to what was registered in the vertical jump,
the greatest flexibility of this muscle group is not associated with an improvement in
performance in these two skills, so a larger muscle stiffness may seem to be more advanta-
geous. These results are also following Rey et al. [7], who did not find associations between
speed and flexibility both for the knee extensors (difference between groups = 0.64%;
p = 0.462) and knee flexors (difference between groups = 0.32%; p = 0.890). In the study by
Garcia-Pinillos et al. [12], the group with the highest knee flexors flexibility achieved better
performance in the acceleration tests of 5 (difference between groups = 6.12%; p = 0.003)
and 10 m (difference between groups = 4.09%; p = 0.007;), and in the 20 m sprint test
(difference between groups = 3.29%; p = 0.024). The authors suggest that greater flexibility
of knee flexors is a key factor for young football players in the performance of specific
football skills such as the jump, sprint, agility and shot. However, further research should
be done to clarify the conflicting results.

Our work shows some correlations between flexibility and jump performance, balance
and speed, which adds to the body of knowledge that underlines the importance of this
ability in football performance. A practical implication of this study is that flexibility
training should be included in the training schedule, particularly for the knee flexors.
Nonetheless, this practical implication must be taken with caution, as the literature shows
conflicting results on this matter.

Some limitations of the present study should be mentioned. This being an obser-
vational study, it becomes impossible to establish causal relationships. Importantly, the
sample size and the competitive level of the participants impaired the application of
more robust statistical procedures, which could help to better clarify the associations be-
tween the variables analyzed, limiting, therefore, the generalization of this study’s results.
Additionally, it was not possible to respect a schedule that could standardize the effect of
the circadian rhythms in the anaerobic performance tests. Finally, the forced interruption
of competitions by COVID-19 may have caused a decrease in the physical capabilities of
players, particularly amateurs, which may have led to different results.

5. Conclusions

The correlation coefficient did not find any strong correlation between the flexibility
tests and vertical jump height, balance or speed tests. Moreover, the vertical jump showed
a statistically significant moderate correlation with the flexibility of the left knee extensors.
The weak correlations between the speed and the flexibility of knee extensors should also
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be noted. In contrast, the speed correlated, although very weakly, with the flexibility of the
knee flexors.

Correlations were found between flexibility and vertical jump height, balance and
speed, with weak to moderate strength associations. In this sense, players need to jump
quick and explosively, with a short eccentric movement phase, and cannot be required for
large knee stretching muscle units, generating larger muscle stiffness.

On the other hand, the knee flexors’ flexibility did not show a statistically significant
correlation with vertical jump height. The reasons for this variance in the results still need
to be determined. As it was registered in the vertical jump, the greatest flexibility of this
muscle group is not associated with an improvement in performance in these two skills, so
a larger muscle stiffness may seem to be more advantageous.

In sum, the influence of flexibility on vertical jump ability, balance and speed appears
to exist, despite further research being needed to better explain these associations.

Despite the limitations present in this study, the results presented add to the body of
knowledge and confirm the conflicting results that the literature presents.
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