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Abstract: The aim of the present study was to examine and compare the concentric isokinetic peak
torque of the knee flexors and extensors muscles, as well as their ratio, in young soccer players.
Two hundred and sixty-five (n = 265) young soccer players were divided into five groups: U-12
(n = 43, mean age 11.5 ± 0.4 yrs), U-14 (n = 63, mean age 13.6 ± 0.3 yrs), U-16 (n = 64, mean age
15.4 ± 0.5 yrs), U-18 (n = 53, mean age 17.5 ± 0.4 yrs) and U-20 (n = 42, mean age 19.3 ± 0.6 yrs).
Three maximal voluntary isokinetic leg extensions and flexions at angular velocities of 60, 180, and
300◦·s−1, and H:Q strength ratio was determined. The largest H:Q strength ratio for all ages, with
the exception of age group U-12, appears at a slow angular velocity of 60◦·s−1, and the smallest H:Q
ratio at a fast angular velocity of 300◦·s−1. In age group U-12, at an angular velocity of 60◦·s−1, the
strength of the quadriceps muscle was almost twice the strength of the hamstrings. The H:Q strength
ratio was smaller in age group U-12 and greater in group U-20. In age group U-12, the greatest H:Q
strength ratio appeared at an angular velocity of 180◦·s−1, while in the other age groups, it appeared
at 60◦·s−1. Strength training of hamstring muscles remains inadequate across ages. The small H:Q
strength ratio in younger ages and the large H:Q ratio in older ages suggest that high-intensity
training may increase the H:Q strength ratio, which, in turn, may protect the knee joint from excessive
and burdensome loads.

Keywords: isokinetic muscle strength; soccer; H:Q ratio; developmental ages

1. Introduction

Soccer has become very popular over the last two decades. It is a complex sport that
involves many activities, such as tackles, jumps, directional and speed changes, feints, and
kicking [1]. These activities place great stress on the muscles and joints of the lower limbs;
therefore, the development of strength in soccer players is very important [2].

The knee, the largest and perhaps most complex joint in the body, is a two-joint
structure composed of the tibiofemoral joint and the patellofemoral joint. The hamstring
and quadriceps are two postural muscles with antagonistic actions. The hamstring muscle
comprises spindle muscles that have a complex anatomy. What is more, the function of
the four individual muscle portions, three of which span both the knee and hip joint, is
not fully understood [3]. The hamstrings act, in particular, to extend and flex the hip joint.
They participate in many types of locomotion, including decelerating activities involving
eccentric contractions [4]. Accordingly, the quadriceps muscle is formed by four muscles
that extend the knee and, accessorily, the thigh. This last movement is carried out by the
bi-articular rectus femoris. The quadriceps plays an important role in jumping and ball
kicking [5].

The quadriceps and hamstring muscles have different structural, functional, and
metabolic characteristics. Compared to the quadriceps, the hamstring muscle has a greater
proportion of fast-twitch (type II) muscle fibers [6], a smaller total cross-sectional area [7],
and a smaller muscle mass [8]. A main characteristic of the fast-twitch fibers is that they
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have a greater capacity to generate power per unit of cross-sectional area [9] compared
to the slow-twitch (type I) muscle fibers. Based on the existing information about adult
soccer players [1] as well as on data acquired from sixteen-year-old athletes of various
sports [10], the vastus lateralis and the quadriceps muscles are characterized as mixed-fiber
type muscles [11]. Imbalance between the knee flexors and extensors has been traditionally
assessed by the conventional concentric hamstrings:quadriceps ratio (Hcon:Qcon), calcu-
lated as the maximal concentric knee flexion strength divided by the maximal concentric
knee extension strength at the same angular velocity [12–16]. Former studies conducted
on adults estimated that the minimum ratio of conventional Hcon:Qcon should be 0.6,
namely, the hamstring should be 60% as strong as the quadriceps [13,17], for preventing
hamstring and/or knee-related injuries [18,19]. Accordingly, it has been supported that
the functional or mixed ratio of maximal eccentric knee flexion to maximal concentric knee
extension, hamstring eccentric:quadriceps concentric (Hecc:Qcon) should be close to or
above 1.0 [17,20] for preventing anterior cruciate ligament (ACL) and hamstring injuries be-
cause forces produced during eccentric muscle actions are substantially greater than those
produced during concentric muscle actions [21,22], particularly at higher velocities [23].

The H:Q conventional ratio is the oldest and most examined parameter for the strength
relationship of the hamstrings and quadriceps muscles. Previous studies have reported
results ranging from 50 to 83% [20,24]. Many studies have examined isokinetic muscle
strength in different angular velocities, sports, and types of training [25–27]; however, the
number of studies with a large sample size in the developmental ages is very limited.

In adult male soccer players, isokinetic strength has been studied extensively [28–30];
however, less information is available about the development of muscle strength and H:Q
ratio in children. Therefore, the purpose of the present study was to examine and compare
the concentric isokinetic absolute and relative peak torque of the knee flexor and knee
extensor muscles at a variety of angular velocities, as well as their ratio, in a large number
of young soccer players throughout the developmental years, namely from age 12 to age 20.
We hypothesized that a significant increase in hamstring and quadriceps strength occurs as
an effect of chronological age, whereas the H:Q strength ratio remains unaltered or changes
with increased angular velocity.

2. Materials and Methods
2.1. Subjects

The power analysis was conducted prior to the study being performed based on
previous studies of similar research design. An effect size of >0.3, a probability error of 0.05,
and a power of 0.95 were used for the five groups. Those indicated that 215 subjects was
the smallest acceptable number of participants to analyze the interaction. The calculations
for effect size (ES) and statistical power were performed with G*Power software: Statistical
Power Analyzes for Windows, Version 3.1.9.7, according to Cohen’s f criteria [31,32].

A total of 265 (n = 265) young soccer players throughout the developmental years
of 12–20 participated in this study. The participants were divided into five groups. The
physical characteristics of the subjects are shown in Table 1. The leg used most frequently
for kicking the ball was identified as the dominant leg. All participants were asked to visit
the laboratory several times prior to the beginning of the experiment in order to become
familiar with the surroundings as well as the procedures to be followed. To minimize the
occurrence of systematic measurement errors, the participants were verbally instructed with
language adapted to their age. Tanner’s stages were not examined in these participants.

Before the start of the study, written consent from the players and their parents was
obtained following a full explanation of the procedures involved. The subjects were fa-
miliarized by performing several submaximal contractions with the testing procedures as
well as with the investigators before the measurements. None of the participants reported
musculoskeletal injuries of the lower limbs that would prevent them from performing max-
imal exercise. The exclusion criteria were: recent history of muscle injury of a lower limb,
present complaint of thigh and leg pain, or any other medical problems contraindicated to
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experimental testing. None of the subjects had been doing progressive resistive exercise
the day before testing, and their sleep pattern was sufficient (6–8 h) in order to arrive to the
laboratory in a rested condition. The participants were a highly selective group with regard
to skills, performance, size, anthropometric characteristics, and physical condition. This
study has been approved by the Institutional Review Board of the Exercise Physiology and
Sport Rehabilitation Laboratory, Thessaloniki, Greece (No. 03/2020), and was in accordance
with the Declaration of Helsinki.

Table 1. Physical characteristics of the subjects (mean ± SD).

U-12
n = 43

U-14
n = 63

U-16
n = 64

U-18
n = 53

U-20
n = 42

Age (yrs) 11.50 (±0.40) 13.60 (±0.30) 15.40 (±0.50) 17.50 (±0.40) 19.30 (±0.60)
Training age (yrs) 3.2 (±0.60) 5.50 (±1.00) 7.40 (±2.00) 8.50 (±1.50) 10.90 (±1.90)

Height (cm) 148 (±2.04) 156 (±7.02) 166 (±1.01) 176 (±4.02) 178 (±6.02)
Weight (kg) 38.61 (±3.31) 48.89 (±4.48) 57.50 (±14.05) 70.10 (±5.45) 73.45 (±5.80)

All participants in the study came from the same football academy, which followed a
consistent training program across the age groups. The duration of the training season for
the 12- and 14-year-old athletes was 44 weeks, while for the 16–20-year-olds, it was 46 weeks
per year. In particular, the 12-year-old subjects systematically performed three training
sessions per week of 75 min each, the 14-year-olds performed four training sessions per
week of 90 min each, and the 16–20-year-old athletes participated in five training sessions of
90 min each per week. Furthermore, all players had one additional specific personal training
session every 15 days for individual improvement in certain skills (technical elements and
conditioning). In total, the annual number of training sessions for the 12- and 14-year-
olds was 130 and 170, respectively, while for the 16–20-year-old age groups it was 220.
Moreover, all players competed in one game per week throughout the season. Training in
prepubertal and pubertal age (12–16 years old), in general, aims at creating versatile players
by developing physical performance through specific exercises tailored to the sport of soccer
and the age level. The training protocol was based on the normal technical–tactical and
physiological elements of soccer indicated for improvement, according to developmental
age. In the 18- and 20-year-old age groups, where body weight and height have stabilized,
the workout is adapted to the training regimen of first competitive category players.
Training at these ages is taking place on a daily basis and is more intensive and more
systematic, and weight training is a prerequisite for increasing muscle strength. No athlete
followed a personalized weight training routine. All players followed the soccer training
program designed by their academy.

2.2. Isokinetic Strength Testing

The strength of knee flexors and extensors in the dominant leg was measured using a
Cybex II isokinetic dynamometer (Lumex Inc., Ronkonkoma, New York, NY, USA). Prior
to each testing session, participants performed a 10 min warm-up on a cycle ergometer
(Monark 839, Varberg, Sweden) followed by a 5 min partial passive stretch of the knee
flexors and extensors [33], and the unilateral concentric muscle strength of the dominant leg
was measured on the isokinetic dynamometer. For each angular velocity, peak isokinetic
torque was recorded simultaneously, and the torque generated by the limb weight and the
dynamometer arm was extracted from the obtained data. Afterwards, each subject was
asked to sit on the dynamometer in an adjustable chair; the upper body was stabilized with
straps secured diagonally across the chest and around the hips and thighs to prevent any
extraneous joint movement. The position chosen for the knee to be examined was at 90◦ of
flexion (0◦ corresponding to a fully extended knee) so as to be in alignment with the axis
of the dynamometer lever arm with the distal point of the lateral femoral condyle. The
length of the level arm was regulated separately for each participant, and the resistance
pad was set proximal to the medial malleolus. The other leg was hanging freely, without
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any forces exerted on it. The knee movements were consecutive: extension was performed
when the knee was at a 90◦ flexed position, and flexion was performed when the knee was
fully extended at 0◦. Participants were asked to kick their tested leg with as much strength
and speed as they could through a complete range of motion (ROM) while crossing their
arms over their chest. Three repetitions were carried out at each angular velocity, and the
peak torque (PT) value was used. Between each repetition, there was a 30-s rest interval,
whereas between the angular velocity assessments, there was a 60-s interval. Throughout
the assessment sessions, participants performed maximal voluntary contractions while
they were given verbal positive reinforcement during the procedure. Data was gathered at
angular velocities of 60, 180, and 300◦·s−1, and maximal isokinetic strength was identified
as the torque of the hamstring and quadriceps muscles when performing movements with
a complete range of motion (ROM) [34–36].

The ratio between peak values at each angular velocity expresses the concentric
strength ratio between knee flexors and extensors muscles. The conventional H:Q ratio was
calculated by dividing each participant’s highest concentric peak torque leg flexion by the
highest concentric peak torque leg extension.

2.3. Statistics

The statistical analysis was performed via SPSS (version 17.0, Chicago, IL, USA)
and Microsoft Excel 2013 (Microsoft Corp., Redmond, WA, USA). Data are presented as
mean ± SD. The distribution of all dependent variables was examined by the Shapiro–Wilk
test and was not found to differ significantly from normal. Analysis of variance was used
to analyze the differences among age groups. In order to detect significant differences,
a post-hoc Bonferroni test was utilized, along with 95% confidence intervals (CI). Effect
sizes for variance analyses were given as partial eta squared (ηp

2), with values ≥0.01,
≥0.06, ≥0.14 indicating small, moderate, or large effects, respectively [32]. The level of
statistical significance was set at p < 0.05. Also, for the strength measurements, the absolute
differences (Nm and %) were calculated together with the standard deviation between
muscle groups, age groups, and angular velocities, in order to have an appreciation of
absolute changes.

3. Results

The results of the present study showed that the 14-year-olds had a greater (by 21%)
body mass compared to the 12-year-olds, directly followed by the 18-year-olds, whose body
mass was greater (by 18%) compared to the 16-year-olds. The smallest increase (by 4.6%)
was observed in the 20-year-olds compared to the 18-year-olds. Conversely, the greatest
increase in height was observed in the 16-year-olds in comparison to the 14-year-olds, at a
rate of 6.02% (Figure 1).
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The absolute and relative peak isokinetic strength and the changes (%) of knee exten-
sors and flexors at 60, 180, and 300◦·s−1 in different age groups are presented in Figure 2.
Significant differences were found in absolute isokinetic strength at all angular velocities for
the 18-year-old age group as compared to that of the 12-, 14-, and 16-year-old age groups
for the knee extensors (p < 0.001, respectively; 60◦·s−1: ηp

2 = 0.608; 12-year-olds: CI 87.32
to 166.46, 14-year-olds: CI 116.76 to 204.12, 16-year-olds: CI 126.32 to 219.03; 180◦·s−1:
ηp

2 = 0.432, 12-year-olds: CI 70.28 to 137.14, 14-year-olds: CI 74.33 to 151.49, 16-year-olds:
CI 79.44 to 158.81; and 300◦·s−1: ηp

2 = 0.352, 12-year-olds: CI 51.23 to 117.12, 14-year-olds:
CI 52.33 to 118.46, 16-year-olds: CI 59.45 to 119.09). Similarly, for the knee flexors, significant
differences were observed for the angular velocities of 180 and 300◦·s−1 (p < 0.001 respec-
tively), however, at the angular velocity of 60◦/s, significant differences were observed
only between 12-year-olds and 18-year-olds (p < 0.001) (60◦·s−1: ηp

2 = 0.538, 12-year-olds:
CI 53.98 to 93.27, 14-year-olds: CI 62.21 to 118.33, 16-year-olds: CI 71.22 to 134.88; 180◦·s−1:
ηp

2 = 0.407, 12-year-olds: CI 36.52 to 80.26, 14-year-olds: CI 37.21 to 93.88, 16-year-olds:
CI 41.94 to 90.44; and 300◦·s−1: ηp

2 = 0.282, 12-year-olds: CI 27.39 to 68.41, 14-year-olds:
CI 22.24 to 73.88, 16-year-olds: CI 25.02 to 41.26). Similar patterns were found in the
comparison between the 20-year-olds with the 12-, 14-, 16-, and 18-year-olds for both knee
extensors (60◦·s−1: 12-year-olds: p < 0.001, 14-year-olds: p < 0.001, 16-year-olds: p < 0.001,
18-year-olds: p < 0.05, CI 206.97 to 282.01; 180◦·s−1: 12-year-olds: p < 0.001, 14-year-olds:
p < 0.001, 16-year-olds: p < 0.00, 18-year-olds: CI 131.76 to 187.93; and 300◦·s−1: 12-year-
olds: p < 0.001, 14-year-olds: p < 0.001, 16-year-olds: p < 0.001, 18-year-olds: CI 106.59 to
153.09) and knee flexors (60◦·s−1: 12-year-olds: p < 0.001, 18-year-olds: CI 106.91 to 159.84;
180◦·s−1: 12-year-olds: p < 0.001, 14-year-olds: p < 0.001, 16-year-olds: p < 0.00, 18-year-
olds: CI 71.49 to 116.06; and 300◦·s−1: 12-year-olds: p < 0.001, 14-year-olds: p < 0.001,
16-year-olds: p < 0.001, 18-year-olds: CI 47.41 to 84.58). It is worth noting that no significant
differences were found between 14- and 16-year-olds at all angular velocities. At the an-
gular velocity of 60◦·s−1, significant differences were found for both knee extensors and
flexors between the 12- and 14-year-olds (p < 0.01 and p < 0.05, respectively) and between 12-
and 16-year-olds (p < 0.001, respectively). It is worth noting that no significant differences
were found between 14- and 16-year-olds at all angular velocities. The greatest and most
abrupt increases in absolute isokinetic strength were found in the age group of 18-year-olds,
as compared to the 16-year-olds for both knee extensors (60◦·s−1: 23.09%; 180◦·s−1: 25.32%;
300◦·s−1: 26.12%) and knee flexors (60◦·s−1: 23.02%; 180◦·s−1: 29.42%; 300◦·s−1: 35.11%).
On the contrary, in relative isokinetic strength, significant differences were observed only
in the 180 and 300◦·s−1 between the age groups (180◦·s−1: 12- vs. 16-year-olds, p < 0.01;
300◦·s−1: 12- vs. 14-year-olds, p < 0.01, 12- vs. 16-year-olds, p < 0.001, 12 vs. 18-year-olds,
p < 0.01, 12 vs. 20-year-olds p < 0.05) for both knee extensors and knee flexors.

Figure 3 depicts a characteristic example in the U-18 group. At the fast angular velocity
of 300◦·s−1, the increase in hamstrings is greater than the increase in quadriceps (35% vs.
26%, respectively).

The absolute peak torque values of the hamstring and quadriceps muscles, their
quantitative differences in Nm, their percent decrease in the peak torque from slower to
faster angular velocity, as well as the H:Q strength ratio across angular velocities and age
groups, are shown in Table 2. No significant differences were found in the H:Q strength
ratio among the angular velocities or between the different age groups. However, in the
age group U-12, the greatest H:Q strength ratio appeared at the angular velocity of 180◦·s−1

(0.56), while in the other age groups, the highest H:Q strength ratio occurred at the angular
velocity of 60◦·s−1. The lowest H:Q strength ratio was observed in the age group U-12
(0.51), while the greatest was observed in the age group U-20 (0.61). Table 2 suggests that
when angular velocity was increased progressively from 60 to 300◦·s−1, strength values
of both the hamstring and quadriceps decreased. In the age group U-12, hamstring peak
torque decreased from 74.13 to 47.37 Nm (36.09% reduction), while quadriceps peak torque
decreased from 144.86 to 84.23 Nm (41.85% reduction). In the U-12 group, at 60◦·s−1, the
value of the quadriceps peak torque was almost twice as much as the hamstrings peak
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torque value. As age increased, the difference between hamstring and quadriceps peak
values decreased. In age group U-14, the decrease in hamstring peak torque from slower
to faster angular velocity was 91.09 to 48.01 Nm (47.29% reduction), while the decrease in
quadriceps peak torque was from 161.36 to 85.15 Nm (47.22% reduction). Accordingly, the
decreases in the other age groups are shown in Table 2.
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Figure 2. Absolute and relative peak torque values of knee extensors and knee flexors at angular
velocities of: (A,B) 60◦·s−1; (C,D) 180◦·s−1; (E,F) 300◦·s−1 in different age groups (mean ± SD).
* p < 0.05, ** p < 0.01, *** p < 0.001.

Examination of correlations between the parameters assessed in our study showed
a high correlation between age and peak torque of knee flexion (r = 0.723, p < 0.01) and
knee extension (r = 0.730, p < 0.01) only at the angular velocity of 60◦·s−1. In addition, high
correlations were found between knee flexion and knee extension peak torque at an angular
velocity of 60◦·s−1 (r = 0.875, p < 0.01), 180◦·s−1 (r = 0.856, p < 0.01), and 300◦·s−1 (r = 0.826,
p < 0.01), respectively. Strong correlations were also observed between body weight and all
three angular velocities (60◦·s−1, r = 0.826, p < 0.01; 180◦·s−1, r = 0.845, p < 0.01; 300◦·s−1,
r = 0.830, p < 0.01).
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Figure 3. Strength percent increase of knee extension and knee flexion in age group U-18. As angular
velocity progressively increased, it was accompanied by a greater strength percent increase in the
hamstrings relative to the increase in the quadriceps.

Table 2. Absolute peak torque values of the knee extensors and knee flexors, their quantitative
differences expressed in Nm, their percent decrease from slower to faster angular velocity, and the
H:Q strength ratio across angular velocities and age groups (mean ± SD).

U12 Decrease%
Angular velocity 60·s−1 180·s−1 300·s−1 60–180 180–300 60–300

Hamstrings 74.13
(±17.59)

58.46
(±21.30)

47.37
(±17.96) 21.13 18.97 36.09

Quadriceps 144.86
(±30.48)

103.51
(±31.33)

84.23
(±28.75) 28.54 18.62 41.85

Differences (Nm) −70.73 −44.5 −36.86 −7.41 0.35 −5.76
H:Q (%) 51.17 56.47 56.07

U14 Decrease %
Angular velocity 60·s−1 180·s−1 300·s−1 60–180 180–300 60–300

Hamstrings 91.09
(±28.30)

64.63
(±26.02)

48.01
(±22.81) 29.04 25.71 47.29

Quadriceps 161.36
(±39.61)

113.28
(±35.01)

85.15
(±29.41) 29.79 24.83 47.22

Differences (Nm) −70.27 −48.65 −37.14 −0.75 0.88 0.07
H:Q (%) 59.89 57.82 59.82

U16 Decrease %
Angular velocity 60·s−1 180·s−1 300·s−1 60–180 180–300 60–300

Hamstrings 102.76
(±31.01)

66.09
(±22.62)

42.98
(±16.00) 35.68 34.96 58.17

Quadriceps 172.53
(±42.65)

118.96
(±35.07)

88.01
(±26.67) 31.04 26.01 49.07

Differences (Nm) −69.77 −47.13 −45.03 4.64 −8.95 9.10
H:Q (%) 59.56 55.55 48.83
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Table 2. Cont.

U18 Decrease %
Angular velocity 60·s−1 180·s−1 300·s−1 60–180 180–300 60–300

Hamstrings 133.49
(±23.75)

93.64
(±18.60)

66.24
(±15.94) 29.85 29.26 50.37

Quadriceps 224.33
(±33.38)

159.30
(±25.28)

119.13
(±18.89) 29.98 25.21 46.89

Differences (Nm) −90.84 −65.66 −52.89 −0.13 4.05 3.48
H:Q (%) 59.50 58.78 55.60

U20 Decrease %
Angular velocity 60·s−1 180·s−1 300·s−1 60–180 180–300 60–300

Hamstrings 154.76
(±18.91)

106.80
(±16.46)

70.97
(±12.21) 30.98 33.54 54.14

Quadriceps 251.66
(±28.76)

176.19
(±22.40)

130.14
(±20.19) 29.98 35.93 48.28

Differences (Nm) −96.90 −69.39 −57.98 1.00 −2.39 5.86
H:Q (%) 61.49 60.61 54.53

4. Discussion

The purpose of the present study was to examine the concentric isokinetic strength of
the hamstring and quadriceps muscles and their ratio at different angular velocities and
chronological ages in young soccer players. It is clearly evident from the results gathered
that there is a positive increase in hamstring and quadriceps absolute muscle strength
with increasing chronological age across all angular velocities measured. It is essential to
mention that there is a link between body weight and height and the reported positive
increase, which occurs independently of the participant’s physique while they are growing.
However, relative muscle strength follows the opposite pattern, namely, it decreases with
increasing chronological age. As expected, body height and body weight increased linearly
with chronological age.

Teenagers at the age of 14–16 years go through a major transition, moving from their
childhood to their adult life; this is a period that is also characterized by their sexual
maturation as well as body growth [37]. First, Tanner [38], followed by Beunen and
Malina [39], observed a high degree of complexity in the changes occurring throughout
these years of transition in terms of biological growth, which are also related to the nervous
and endocrine systems of teenagers. They also reported anthropometric and physiological
changes occurring during the same period. Among the findings of this study, a high level
of body mass increase was observed in the 14-year-old participants, which can be the result
of their rapid body and height growth, typical of their age. During the age of 14–16 years,
resistance and strength are also improved, and training can be a stimulus for increased
growth hormone and testosterone levels [40].

Previous research demonstrated similar values of the H:Q conventional ratio for
60◦·s−1 [41,42], 180◦·s−1 [43,44], and 300◦·s−1 [44]. However, greater values were observed
in these angular velocities, ranging between 60 to 83% [24,45]. There are several studies
with similar samples, but the examined angular velocities were different [46,47].

In general, the torque–velocity relationship in young populations was observed to
have a pattern similar to that of the adult population, which is expressed by the inverse
relationship between angular velocity and peak torque: the former increases while the latter
decreases. Quadriceps strength was greater than hamstring strength at all angular velocities
measured and across all age groups, which is in agreement with all previous studies that
have investigated quadriceps and hamstring strength with an isokinetic dynamometer. In
the present study, the smallest H:Q strength ratio was found in the youngest age group
(U-12 = 0.51) and the greatest H:Q strength ratio in the eldest age group (U-20 = 0.61). This
by no means suggests that there is a linear relationship between the H:Q strength ratio and
age. For example, the H:Q strength ratio was greater in the age group U-16 than U-18.



J. Funct. Morphol. Kinesiol. 2023, 8, 70 9 of 12

In age group U-12, the quadriceps muscle strength at 60◦·s−1 was almost twice that of
the hamstring muscle strength. Interestingly, as age increased, this difference decreased.
This may be due to improved neuromuscular function and the adaptations resulting from
the higher workout intensity, which applies to older ages. This age group displayed the
greatest H:Q strength ratio at a moderate angular velocity. It is possible that muscles in this
age group have the ability to recruit available motor units more efficiently at a moderate
angular velocity when the resistance is smaller than at a slower angular velocity.

It is common for soccer players in the age groups U-18 and U-20 to move up from youth
competition to adult competition. In these new conditions, they undergo more systematic
strength and endurance training, which leads to hormonal and metabolic adaptations [40].
Age and training intensity seem to play an important role in soccer performance. Players
at a high level of competition and skill have greater concentric isokinetic peak torque
values in the quadriceps and hamstring muscle groups as well as a greater H:Q strength
ratio [28,48]. Recent studies of these ages had mean values of 50–83% at slow angular
velocities, 51–80% at intermediate velocities, and 50–89% at fast velocities. However, some
studies that examined different angular velocities did not clearly show an effect of velocity
on H:Q ratio [20,24,43,45,48,49]. Our results are in agreement with Dauty et al. [45], with
an expressive sample size (n = 136), who reported an increase in H:Q conventional ratios at
higher angular velocities.

The quadriceps and hamstrings are two muscle groups with different functions. It
has been reported that co-activation of hamstring muscles significantly increases during
concentric quadriceps muscle contraction. However, this is not the case for the opposite, that
is, co-activation of quadriceps muscles does not change during concentric hamstring muscle
contraction [50]. Sangnier and Tourny–Chollet [18], who investigated a population of soccer
players during isokinetic endurance testing, showed a divergence in fatigue resistance
between the quadriceps and hamstring muscles in concentric mode. The significant decline
in hamstring strength was shown to affect the balance of strength between the agonist and
antagonist muscles.

A critical view of this study’s findings on the relationship between anterior and
posterior thigh muscle strength by no means challenges the widely accepted view that
when these muscles have adequate and balanced strength, they stabilize joints, protecting
them from injury. As far as the young soccer players are concerned, the data gathered on
the H:Q ratio during this study may not be helpful enough regarding the development of
a tool for the prevention of hamstring or quadriceps muscle injuries. On the other hand,
when it comes to adult soccer players, the findings differ. In order for them to perform
at their best, a higher level of muscle strength and endurance is required. In this case, a
high H:Q ratio is not only essential but it may also have positive results; this H:Q value is
likely to prevent knee joint injuries when heavy forces are exerted on it. In this study, it
is supported that there might be a connection between lower extremity injuries and the
particularly small H:Q strength ratio [14,51,52].

When assessing the players’ training on the pitch, it was evident that the hamstring
muscles were not stimulated regularly, nor were they trained with eccentric exercises.
During their training with additional weights, soccer players did not focus on training the
hamstring muscles, but on performing mostly flexion–extension exercises for the knee joint.
In addition, hamstring muscles are more difficult to stimulate than quadriceps muscles,
regardless of the extent of training; it is the positions and starting points of the training that
result in this variation. Despite the emphasis during training, which stresses the fact that
knee flexor strength is extremely important in soccer players for joint stabilization during
various tasks, it seems that strength training of the hamstring muscles remains inadequate.
To conclude, it is evident that there is an inverse connection between the H:Q strength ratio
and angular velocity, i.e., as angular velocity increases, the H:Q ratio decreases.
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Limitations and Future Directions

This study had several limitations. The player position was not considered for analysis;
therefore, the findings of the study cannot be specialized according to the position roles
of the soccer players (goalkeepers, defenders, midfield players, and attackers). Also, the
participants came from the same soccer academy and followed a specific soccer training
program, so the conclusions should not be generalized. Finally, despite the large number
of participants, the biological age was not examined; therefore, the effects of growth and
development may have affected the results of the study. Future analyses could embrace
areas such as the players’ positions and the participants’ biological age, especially during
the developmental ages (12- to 16-year-olds), and accompany the laboratory measurements
with practical tests on the field.

5. Conclusions

In conclusion, the present study indicates that quadriceps muscle strength is greater
than that of its antagonist muscle group, and there is an inverse connection between
H:Q strength ratio and angular velocity, i.e., as angular velocity increases, the H:Q ratio
decreases. Also, the small H:Q strength ratio in younger ages and the large H:Q ratio
in older ages suggest that higher volume and intensity training may increase the H:Q
strength ratio, which, in turn, may protect the knee joint from excessive and burdensome
loads. The findings of the present study could be used as normative data for soccer
players regarding the strength evaluation of the hamstring and quadriceps muscles using
an isokinetic dynamometer. This knowledge can be used as a springboard for more
efficient strengthening of the involved muscles. Although this study provides important
information regarding the H:Q strength ratio’s development with age, a longitudinal study
design would provide even more valid data.

Author Contributions: Conceptualization, A.M. and Y.M.; methodology, A.M., Y.M. and T.M.; soft-
ware, A.M.; validation, A.M., Y.M. and T.M.; formal analysis, A.M. and Y.M.; investigation, A.M., Y.M.
and T.M.; resources, A.M. and Y.M.; data curation, A.M. and Y.M.; writing—original draft preparation,
A.M. and Y.M.; writing—review and editing, A.M., Y.M. and T.M.; visualization, A.M. and Y.M.;
supervision, T.M.; project administration, A.M. and Y.M. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of the Exercise Physiology
and Sport Rehabilitation Laboratory, Thessaloniki, Greece (No. 03/2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Acknowledgments: The authors would like to thank all the participants who volunteered to partici-
pate in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bangsbo, J. The physiology of soccer—With special reference to intense intermittent exercise. Acta Physiol. Scand. Suppl. 1994, 619,

1–155. [PubMed]
2. Borges, G.M.; Vaz, M.A.; De La Rocha Freitas, C.; Rassier, D.E. The torque-velocity relation of elite soccer players. J. Sports Med.

Phys. Fit. 2003, 43, 261–266.
3. Askling, C.; Karlsson, J.; Thorstensson, A. Hamstring injury occurrence in elite soccer players after preseason strength training

with eccentric overload. Scand. J. Med. Sci. Sport. 2003, 13, 244–250. [CrossRef] [PubMed]
4. Chumanov, E.S.; Heiderscheit, B.C.; Thelen, D.G. The effect of speed and influence of individual muscles on hamstring mechanics

during the swing phase of sprinting. J. Biomech. 2007, 40, 3555–3562. [CrossRef] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/8059610
https://doi.org/10.1034/j.1600-0838.2003.00312.x
https://www.ncbi.nlm.nih.gov/pubmed/12859607
https://doi.org/10.1016/j.jbiomech.2007.05.026
https://www.ncbi.nlm.nih.gov/pubmed/17659291


J. Funct. Morphol. Kinesiol. 2023, 8, 70 11 of 12

5. Masuda, K.; Kikuhara, N.; Demura, S.; Katsuta, S.; Yamanaka, K. Relationship between muscle strength in various isokinetic
movements and kick performance among soccer players. J. Sport. Med. Phys. Fit. 2005, 45, 44–52, PMID: 16208290.

6. Garrett, W.E., Jr.; Califf, J.C.; Bassett, F.H. Histochemical correlates of hamstring injuries. Am. J. Sports Med. 1984, 12, 98–103.
[CrossRef]

7. Narici, M.V.; Roi, G.S.; Landoni, L. Force of knee extensor and flexor muscles and cross-sectional area determined by nuclear
magnetic resonance imaging. Eur. J. Appl. Physiol. Occup. Physiol. 1988, 57, 39–44. [CrossRef]

8. Lieber, R.L.; Roberts, T.J.; Blemker, S.S.; Lee, S.S.M.; Herzog, W. Skeletal muscle mechanics, energetics and plasticity. J. Neuroeng.
Rehabil. 2017, 14, 108. [CrossRef]

9. Widrick, J.J.; Maddalozzo, G.F.; Lewis, D.; Valentine, B.A.; Garner, D.P.; Stelzer, J.E.; Shoepe, T.C.; Snow, C.M. Morphological and
functional characteristics of skeletal muscle fibers from hormone replaced and nonreplaced postmenopausal women. J. Gerontol.
A Biol. Sci. Med. Sci. 2003, 58, 3–10. [CrossRef]

10. Saltin, B.; Henriksson, J.; Nygaard, E.; Andersen, P. Fiber types and metabolic potentials of skeletal muscles in sedentary man and
endurance runners. Ann. N. Y. Acad. Sci. 1977, 301, 3–29. [CrossRef]

11. Staron, R.S.; Hagerman, F.C.; Hikida, R.S.; Murray, T.F.; Hostler, D.P.; Crill, M.T.; Ragg, K.E.; Toma, K. Fiber type composition of
the vastus lateralis muscle of young men and women. J. Histochem. Cytochem. 2000, 48, 623–629. [CrossRef]

12. Cameron, M.L.; Adams, R.D.; Maher., C.G. Motor control and strength as predictors of hamstring injury in elite players of
Australian football. Phys. Ther. Sport 2003, 4, 159–166. [CrossRef]

13. Costa, P.B.; Ryan, E.D.; Herda, T.J.; Defreitas, J.M.; Beck, T.W.; Cramer, J.T. Effects of static stretching on the hamstrings-to-
quadriceps ratio and electromyographic amplitude in men. J. Sports Med. Phys. Fit. 2009, 49, 401–409.

14. Grygorowicz, M.; Kubacki, J.; Pilis, W.; Gieremek, K.; Rzepka, R. Selected isokinetic tests in knee injury prevention. Biol. Sport
2010, 27, 47–51. [CrossRef]

15. O’Sullivan, K.; O’Ceallaigh, B.; O’Connel, K.; Shafat, A. The relationship between previous hamstring injury and the concentric
isokinetic knee muscle strength of Irish Gaelic footballers. BMC. Musculoskelet. Disord. 2008, 9, 30. [CrossRef]

16. Orchard, J.; Marsden, J.; Lord, S.; Garlick, D. Preseason hamstring muscle weakness associated with hamstring muscle injury in
Australian footballers. Am. J. Sports Med. 1997, 25, 81–85. [CrossRef]

17. Holcomb, W.R.; Rubley, M.D.; Lee, H.J.; Guadagnoli, M.A. Effect of hamstring-emphasized resistance training on ham-
string:quadriceps strength ratios. J. Strength Cond. Res. 2007, 21, 41–47. [CrossRef]

18. Sangnier, S.; Tourny-Chollet, C. Comparison of the decrease in strength between hamstrings and quadriceps during isokinetic
fatigue testing in semi-professional soccer players. Int. J. Sports Med. 2007, 28, 952–957. [CrossRef]

19. Yeung, S.S.; Suen, A.M.; Yeung, E.W. A prospective cohort study of hamstring injuries in competitive sprinters: Preseason muscle
imbalance as a possible risk factor. Br. J. Sports Med. 2009, 43, 589–594. [CrossRef]

20. Aagaard, P.; Simonsen, E.B.; Trolle, M.; Bangsbo, J.; Klausen, K. Isokinetic hamstring/quadriceps strength ratio: Influence from
joint angular velocity, gravity correction and contraction mode. Acta Physiol. Scand. 1995, 154, 421–427. [CrossRef]

21. Crenshaw, A.G.; Karlsson, S.; Styf, J.; Bäcklund, T.; Fridén, J. Knee extension torque and intramuscular pressure of the vastus
lateralis muscle during eccentric and concentric activities. Eur. J. Appl. Physiol. Occup. Physiol. 1995, 70, 13–19. [CrossRef]
[PubMed]

22. Westing, S.H.; Cresswell, A.G.; Thorstensson, A. Muscle activation during maximal voluntary eccentric and concentric knee
extension. Eur. J. Appl. Physiol. Occup. Physiol. 1991, 62, 104–108. [CrossRef] [PubMed]

23. Hortobágyi, T.; Katch, F.I. Eccentric and concentric torque-velocity relationships during arm flexion and extension. Eur. J. Appl.
Physiol. Occup. Physiol. 1990, 60, 395–401. [CrossRef] [PubMed]

24. Daneshjoo, A.; Rahnama, N.; Mokhtar, A.H.; Yusof, A. Bilateral and unilateral asymmetries of isokinetic strength and flexibility in
male young professional soccer players. J. Hum. Kinet. 2013, 36, 45–53. [CrossRef]

25. Cheung, R.; Smith, A.; Wong, D. H:Q ratios and bilateral leg strength in college field and court sports players. J. Hum. Kinet. 2012,
33, 63–71. [CrossRef]

26. Andrade, M.D.S.; De Lira, C.A.B.; Koffes, F.D.C.; Mascarin, N.C.; Benedito-Silva, A.A.; Da Silva, A.C. Isokinetic hamstrings-
to-quadriceps peak torque ratio: The influence of sport modality, gender, and angular velocity. J. Sports Sci. 2012, 30, 547–553.
[CrossRef]

27. Fousekis, K.; Tsepis, E.; Vagenas, G. Lower limb strength in professional soccer players: Profile, asymmetry, and training age.
J. Sports Sci. Med. 2010, 9, 364–373.

28. Öberg, B.; Möller, M.; Gillquist, J.; Ekstrand, J. Isokinetic torque levels for knee extensors and knee flexors in soccer players. Int. J.
Sport. Med. 1986, 7, 50–53. [CrossRef]

29. Rahnama, N.; Lees, A.; Bambaecichi, E. Comparison of muscle strength and flexibility between the preferred and non-preferred
leg in English soccer players. Ergonomics. 2005, 48, 1568–1575. [CrossRef]

30. Zakas, A.; Mandroukas, K.; Vamvakoudis, E.; Christoulas, K.; Aggelopoulou, N. Peak torque of quadriceps and hamstring
muscles in basketball and soccer players of different divisions. J. Sports Med. Phys. Fit. 1995, 35, 199–205, PMID: 8775647.

31. Cohen, J. Statistical power analysis. Curr. Dir. Psychol. Sci. 1992, 1, 98–101. [CrossRef]
32. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge: New York, NY, USA, 2013; pp. 5–17.

https://doi.org/10.1177/036354658401200202
https://doi.org/10.1007/BF00691235
https://doi.org/10.1186/s12984-017-0318-y
https://doi.org/10.1093/gerona/58.1.B3
https://doi.org/10.1111/j.1749-6632.1977.tb38182.x
https://doi.org/10.1177/002215540004800506
https://doi.org/10.1016/S1466-853X(03)00053-1
https://doi.org/10.5604/20831862.907793
https://doi.org/10.1186/1471-2474-9-30
https://doi.org/10.1177/036354659702500116
https://doi.org/10.1519/R-18795.1
https://doi.org/10.1055/s-2007-964981
https://doi.org/10.1136/bjsm.2008.056283
https://doi.org/10.1111/j.1748-1716.1995.tb09927.x
https://doi.org/10.1007/BF00601803
https://www.ncbi.nlm.nih.gov/pubmed/7729433
https://doi.org/10.1007/BF00626764
https://www.ncbi.nlm.nih.gov/pubmed/2022197
https://doi.org/10.1007/BF00713506
https://www.ncbi.nlm.nih.gov/pubmed/2369913
https://doi.org/10.2478/hukin-2013-0005
https://doi.org/10.2478/v10078-012-0045-1
https://doi.org/10.1080/02640414.2011.644249
https://doi.org/10.1055/s-2008-1025735
https://doi.org/10.1080/00140130500101585
https://doi.org/10.1111/1467-8721.ep10768783


J. Funct. Morphol. Kinesiol. 2023, 8, 70 12 of 12

33. Mandroukas, A.; Vamvakoudis, E.; Metaxas, T.; Papadopoulos, P.; Kotoglou, K.; Stefanidis, P.; Christoulas, K.; Kyparos, A.;
Mandroukas, K. Acute partial passive stretching increases range of motion and muscle strength. J. Sports Med. Phys. Fit. 2014, 54,
289–297.

34. Mandroukas, A.; Metaxas, T.I.; Michailidis, Y.; Christoulas, K.; Heller, J. Effects of soccer training in muscular strength: A
comparative study in trained youth soccer players and untrained boys of the same biological age. J. Sports Med. Phys. Fit. 2020,
61, 1469–1477. [CrossRef]

35. Metaxas, T.I.; Mandroukas, A.; Vamvakoudis, E.; Kotoglou, K.; Ekblom, B.; Mandroukas, K. Muscle fiber characteristics, satellite
cells and soccer performance in young athletes. J. Sports Sci. Med. 2014, 13, 493–501.

36. Papaevangelou, E.; Metaxas, T.; Riganas, C.; Mandroukas, A.; Vamvakoudis, E. Evaluation of soccer performance in professional,
semi-professional and amateur players of the same club. J. Phys. Educ. Sport. 2012, 12, 362–370. [CrossRef]

37. Seger, J.Y.; Thorstensson, A. Muscle strength and electromyogram in boys and girls followed through puberty. Eur. J. Appl. Physiol.
2000, 81, 54–61. [CrossRef]

38. Tanner, J.M. Growth at Adolescence, 2nd ed.; Blackwell Scientific Press: Oxford, UK, 1962; pp. 1–135.
39. Beunen, G.; Malina, R.M. Growth and physical performance relative to the timing of the adolescent spurt. Exerc. Sports Sci. Rev.

1988, 16, 503–540. [CrossRef]
40. Hansen, L.; Bangsbo, J.; Twisk, J.; Klausen, K. Development of muscle strength in relation to training level and testosterone in

young male soccer players. J. Appl. Physiol. 1999, 87, 1141–1147. [CrossRef]
41. Śliwowski, R.; Grygorowicz, M.; Hojszyk, R.; Jadczak, Ł. The isokinetic strength profile of elite soccer players according to playing

position. PLoS ONE 2017, 12, e0182177. [CrossRef]
42. Ruas, C.V.; Minozzo, F.; Pinto, M.D.; Brown, L.E.; Pinto, R.S. Lower-extremity strength ratios of professional soccer players

according to field position. J. Strength Cond. Res. 2015, 29, 1220–1226. [CrossRef]
43. Maly, T.; Zahalka, F.; Mala, L. Muscular strength and strength asymmetries in elite and sub-elite professional soccer players.

Sports Sci. 2014, 7, 26–33.
44. Zakas, A. Bilateral isokinetic peak torque of quadriceps and hamstring muscles in professional soccer players with dominance on

one or both two sides. J. Sports Med. Phys. Fit. 2006, 46, 28–35.
45. Dauty, M.; Menu, P.; Fouasson-chailloux, A.; Ferréol, S.; Dubois, C. Prediction of hamstring injury in professional soccer players

by isokinetic measurements. Muscles Ligaments Tendons J. 2016, 6, 116–123. [CrossRef] [PubMed]
46. Silva, J.R.; Ascensão, A.; Marques, F.; Seabra, A.; Rebelo, A.; Magalhães, J. Neuromuscular function, hormonal and redox status

and muscle damage of professional soccer players after a high-level competitive match. Eur. J. Appl. Physiol. 2013, 113, 2193–2201.
[CrossRef]

47. Eniseler, N.; Sahan, C.; Vurgun, H.; Mavi, H.F. Isokinetic strength responses to season-long training and competition in Turkish
elite soccer players. J. Hum. Kinet. 2012, 31, 159–168. [CrossRef]

48. Cometti, G.; Maffiuletti, N.A.; Pousson, M.; Chatard, J.C.; Maffulli, N. Isokinetic strength and anaerobic power of elite, sub elite
and amateur French soccer players. Int. J. Sports Med. 2001, 22, 45–51. [CrossRef]
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