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Ratios of torques of antagonist muscle groups
in female soccer players
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Purpose: An increase in the value of the hamstring-to-quadriceps (H/Q) ratio with an increase in angular velocity may effectively
prevent injuries of the back of the thigh. Previous studies have found that the conventional H/Q ratio was unaltered along with an
increasing angular velocity in females. Therefore, this study aimed to investigate the relationships between the conventional H/Q ratio
and angular velocity in a group of female soccer players. Methods: The study was carried out on a group of 16 female soccer players
(age: 20.7 ± 3.9 years, body height: 166.1 ± 5.8 cm, body mass: 58.4 ± 6.2 kg, training experience: 8.8 ± 4.1 years). Measurements
of peak torque of extensors and flexors of the knee joint under static conditions and under isokinetic conditions (at angular velocities
of 30°/s, 60°/s, 90°/s and 120°/s) were carried out using a Biodex dynamometer. Results: There was a statistically significant increase in
the conventional H/Q ratio with an increase in angular velocity. These differences occurred between measurements at angular velocities
of 0°/s and 30°/s, and 30°/s and 60°/s. Conclusions: As previously found for males, an increase in conventional H/Q ratio with increased
angular velocity was also present in this group of female players. This phenomenon should reduce the number of injuries of the muscles
of back of the thigh. Coaches should pay attention to increasing the level of strength in the group of knee joint flexor muscles so as to
make the value of the H/Q ratio appropriately high and increasing with increasing angular velocity.
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1. Introduction

Female soccer players are four to six times more
prone to injuries of lower limbs than their male peers
[10]. Regardless of gender, injuries are most frequent
in the muscles of the back of the thigh and occur
mainly without contact [9], [20]. This is caused by the
explosive nature of such activities as kicking (shots),
rapid starts, sprints or jumps [10], [14]. This type of
injury may be caused by excessive asymmetry of an-
tagonist muscle groups in the lower limbs. For exam-
ple, an injury might occur during quick extension of
the lower limb in the knee joint (e.g., during kicking
the ball) when the group of antagonist muscles does
not counteract with effective eccentric activity to slow
down or stop the movement [4], [17].

One of the measures that might prevent injuries in
lower limbs is to control the ratio of the torques pro-
duced by extensor and flexor muscle groups in the knee
joint. This is achieved by manipulating the hamstring-
to-quadriceps (H/Q) ratio [2], [6], [11]. The commonly
used conventional H/Q ratio represents the ratio of
concentric hamstrings peak torque during lower limb
flexion to concentric quadriceps peak torque during
lower limb extension [8]. The functional H/Q ratio, by
contrast, is a measure of the isokinetic eccentric peak
torque of the hamstrings relative to the isokinetic con-
centric peak torque of the quadriceps during lower limb
extension at equivalent angular velocities [1]. The stan-
dards for evaluation of the relation between torques
measured under static and isokinetic conditions (con-
ventional H/Q ratio) were proposed by Wit et al. [23].
Percentage standards of the conventional H/Q ratio for
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measurements under isokinetic conditions were devel-
oped taking into account that the proportion of torques
in the extensor and flexor muscle groups was independ-
ent of angular velocity. The lack of correlation between
angular velocity and the conventional H/Q ratio was
demonstrated by Wit et al. [23], [24].

The most recent scientific reports, however, have de-
scribed cases where the value of the H/Q ratio (both
conventional and functional) changed with angular ve-
locity [4], [11], [12], [19]. It is expected to see increased
functional H/Q ratio with increasing angular velocity,
resulting purely from physiological factors. Eccentric
contractions indeed do increase or maintain the torque
value at increasing angular velocity, whereas concentric
contractions decrease torque value at increasing an-
gular velocity [12]. But an increase in the conven-
tional H/Q ratio has mainly been observed with an in-
crease in angular velocity for male subjects. By contrast,
this tendency has not been found in female groups [11].

Wit et al. [23] adopted the values of 57–75% for
isokinetic conditions and 34–61% for static conditions
as standard levels of the conventional H/Q ratio.
However, values greater than 80% should not nega-
tively affect health nor increase injury risk, compared
to values lower than the standard. An increase in the
strength of the flexors of the knee joint compared to
extensors (even up to the proportion of 1:1), is rec-
ommended for athletes after previous injuries of the
lower limbs [4]. Schiltz et al. [18] examined a group
of basketball players after injuries of the lower limbs
and found larger values of the conventional H/Q ratio
compared to the group without previous injuries.
Furthermore, Kim and Hong [13] demonstrated that
athletes who practiced football or basketball and had
conventional H/Q ratios over 60% suffered fewer non-
contact injuries of the lower limbs. Therefore, it is
essential that the conventional H/Q ratio should be
sufficiently high (over 60%). An increase in conven-
tional H/Q ratio with an increase in angular velocity is
thus very beneficial and likely to protect an athlete
during sports competition, when movements are per-
formed at peak velocity. An appropriate ratio between
the strength of agonist and antagonist muscle groups
also improves movement efficiency [21].

An increase in conventional H/Q ratio (equivalent
to reduced asymmetry in antagonist muscle groups of
the knee joint) with increased angular velocity is
likely to effectively prevent injuries of the back of the
thigh (including those that occur without contact).
Therefore, the study aimed to investigate relationships
between the conventional H/Q ratio and angular ve-
locity in a group of female soccer players. The authors
attempted to answer the question whether, in accor-

dance with some previous reports, the conventional
H/Q ratio would remain unaltered with the increase in
angular velocity in a group of female soccer players.

2. Materials and methods

The study was carried out on a group of 16 female
soccer players from the KS AZS Wrocław soccer club
(national level). The study group was characterized
by the following mean (±SD) values: body height
166.1 ± 5.8 cm, body mass 58.4 ± 6.2 kg, age 20.7
± 3.9 years. Training experience was 8.8±4.1 years.
The measurements were performed in the Biomechani-
cal Analyses Laboratory (with PN-EN ISO 9001:2009
certification) of the University School of Physical
Education in Wrocław, Poland. Before the tests, each
participant was familiarized with the research goals
(the tested subjects were already familiarized with the
measuring equipment during their training cycle),
informed about the purpose of the study and provided
written consent for the tests. The study design was
approved by the Senate’s Research Bioethics Com-
mittee, and the procedures complied with the Decla-
ration of Helsinki regarding human experimentation.

Measurements of peak torques of extensors and
flexors of the knee joint under static conditions (at 75°
and 30°, respectively; 0° at the knee joint was consid-
ered to be a full extension) and isokinetic conditions
(at angular velocities ω of: 30°/s, 60°/s, 90°/s and
120°/s) were done using a Biodex System 4 Pro dy-
namometer. Angular velocities, at which the meas-
urements were performed, were intentionally kept
relatively low to avoid measurement errors typical to
this type of equipment [25]. Biodex 4 Pro is a meas-
uring system for assessing the level of muscle torque
and consists of a computer with software, chair and
dynamometer. The subject, after sitting on the test
armchair, was immobilized with stabilizing belts on
the chest and thighs in order to stabilize the neigh-
bouring body segments. Such positioning was aimed
at elimination of the effect of other muscle groups on
the value of muscular forces in the area of the knee
joints. The rotational axis of the measurement head
was adjusted individually to each subject so that it
was in line with the transverse axis of the knee joint,
located 2.5 cm over the joint’s gap. Measurements
were done for the right and left lower limb separately
and the isokinetic range of movement was 90°. One
trial included three full cycles of extension and flex-
ion. For each lower extremity two trials (for each an-
gular velocity) were carried out, and the trial with the
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higher value (a single highest value found within the
three extension-flexion cycles) of the peak torque was
selected for further analysis. The sequence of meas-
urements was randomized. The peak torque value was
chosen only from those torque values that corre-
sponded to angular velocity equal to the set value that
defined the measuring conditions, so the transients
were thus excluded. Furthermore, the value of the
joint angle for peak torque was recorded.

Asymmetry of torques of agonist and antagonist
muscle groups actuating the knee joint was evaluated as
the conventional hamstring-to-quadriceps ratio (H/Q
ratio) using the method described by Wit et al. [23]:

%100ratioH/Q 
e

f

M
M

where Mf denotes the concentric peak torque value of
knee joint flexors, and Me is the concentric peak
torque value of extensors of the same joint.

The significance of differences between measure-
ments was evaluated with ANOVA for repeated meas-
ures and Bonferroni post hoc test with the use of Statis-
tica 10 software package. The significance level was
set at p = 0.05.

3. Results

In Tables 1 and 2 the values of torques of exten-
sors and flexors of the knee joints found for the
female soccer players are presented. A statistically
significant ( p < 0.05) increase in the conventional
H/Q ratio with the increase of angular velocity at the
knee joint was observed in the group studied. The
significant differences in conventional H/Q ratio were
between angular velocities of 0 and 30°/s and between
angular velocities of 30°/s and 60°/s. These differ-
ences occurred for the right leg, left leg and summed
across both lower limbs. The above relationships are
illustrated in Fig. 1.

Table 1. Mean values (±SD) of peak torque
of the knee joint extensors (Me) in female soccer players

ω (/sec) Static
conditions 30 60 90 120

Right lower
limb (Nm)

218.1
± 45.3

165.6
± 24.6

146.5
± 21.6

132.1
± 18.6

121.3
± 18.3

Left lower
limb (Nm)

222.7
± 46.8

173.3
± 35.1

150
± 25.6

134.3
± 24.6

123.3
± 21.9

Total of lower
limbs (Nm)

440.8
± 89.4

338.9
± 56.9

296.5
± 45.7

266.3
± 41.4

244.6
± 39.4

Table 2. Mean values (±SD) of peak torque
of the knee joint flexors (Mf) in female soccer players

ω (/sec) Static
conditions 30 60 90 120

Right lower
limb (Nm)

101.5
± 19.4

85.4
± 20

82.8
± 16.4

76.2
± 15.3

70.6
± 16.9

Left lower
limb (Nm)

90.9
± 18.2

84.4
± 18.1

80.8
± 15.5

75.7
± 15.4

68.5
± 16.3

Total of lower
limbs (Nm)

192.5
± 36

169.8
± 36.6

163.6
± 30.8

151.9
± 29.4

139
± 32.7

Fig. 1. Value of the conventional H/Q ratio
as a function of angular velocity for right (R), left (L)

and both lower limbs (R & L)

4. Discussion

The values of conventional H/Q ratios, we measured
under static conditions, were near to recommended stan-
dards for the conventional H/Q ratio developed by Wit
et al. [23]. Furthermore, the conventional H/Q ratios
measured under isokinetic conditions for all the se-
lected angular velocities indicated extensors relatively
stronger than flexors in both lower limbs. Excessively
high values of torques of extensors of the knee joint,
compared to flexors, may increase the risk of non-
contact injury within the rear muscle group of the
thigh. Therefore, coaches should pay more attention to
improvement of strength in the muscle group of knee
joint flexors [6], [9]. Positive effects on the value (in-
crease) of the conventional H/Q ratio have been ob-
served during plyometric training [10]. Disproportion
in torque of agonist and antagonist muscle groups has
been observed in male soccer players [5], [16]. How-
ever, there are groups of soccer players for which the
value of conventional H/Q ratio remains within the
recommended standard [4].

Comparison of the value of the conventional
H/Q ratio in soccer players with those found for other
disciplines is difficult due to the use of different an-



A. STRUZIK et al.156

gular velocities during measurement. In a group of
female judo contestants evaluated by Wit et al. [24],
the conventional H/Q ratios were within the standard
or favoring flexors depending on angular velocity
(from 100°/s to 300°/s). Furthermore, a group of bas-
ketball players studied by Buśko [3] achieved H/Q ratios
(measured under static conditions) that suggested
a strong advantage of flexors. The opposite was found
in a study by Drid et al. [7] of female judo contest-
ants who were characterized by a substantial advantage
of extensors. Therefore, specific laboratory meas-
urements of muscle torques offer opportunities for
diagnosis of irregularities which might lead to inju-
ries [15].

The study showed that an increase in the conven-
tional H/Q ratio along with an increase in angular
velocity may also occur in female groups, contrary to
previous reports [11]. This should reduce the number
of injuries in the muscles of the back of the thigh
among female players. Due to different training re-
gimes, athletes of different sports are unique, so that
relationships known for the general population do not
necessarily apply to them [11]. The increase in the
conventional H/Q ratio along with increase in angular
velocity observed in this group of female soccer play-
ers may suggest a substantial masculinization of lower
limbs in this group, with properties similar to those
observed in male lower limbs [22]. Soccer is a sport
with a predominance of explosive movements that
require substantial speed and strength abilities [14].

The relationship between the conventional H/Q
ratio and angular velocity results in the curves pre-
sented in Fig. 2. The slope of the curve for torques of
extensors of the knee joint with respect to angular
velocity is greater than the slope of the curve for flex-
ors of the knee joint. Therefore, an increase in angular
velocity causes peak torque in the extensors to de-
crease more rapidly, compared to the flexor group.
The knee extensor torque decrements between con-
secutive angular velocities were significantly larger
than those of the knee flexors. Within either muscle
group, the torques developed at consecutive angular
velocities differed significantly. Furthermore, de-
creasing torque at the knee joint is accompanied by
changes in the joint angle at which the peak torque is
reached. The value of this angle decreases for the
extensor muscles (Fig. 3), and increases for flexors
(Fig. 4). Therefore, the values of peak torque for ex-
tensors and flexors of the knee joint during explosive
movements of the lower limb, which are performed at
a substantial angular velocity, are nearly balanced and
occur at similar value of the knee joint angle, which
allows for effective braking of the movement.

Fig. 2. Mean (±SD) values of torque
(total of both lower limbs) as a function of angular velocity

for extensors (E) and flexors (F) of the knee joint

Fig. 3. Joint angle at which peak torque
of knee joint extensors is developed as a function

of angular velocity for right (R) and left (L) lower limb

Fig. 4. Joint angle at which peak torque
of knee joint flexors is developed, as a function

of angular velocity for right (R) and left (L) lower limb

5. Conclusions

1. An increase in the conventional H/Q ratio with an
increase in angular velocity was found in female
soccer players, contrary to previous reports. This
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should reduce the risk of non-contact injury in the
muscles of the back of the thigh in the group
studied.

2. Coaches should pay attention to increasing the
level of strength in the group of knee joint flexor
muscles so as to make the value of the H/Q ratio
appropriately high and increasing with increasing
angular velocity.

3. Significant differences in the value of the conven-
tional H/Q ratio were found between measure-
ments performed under static and isokinetic con-
ditions at the angular velocity of 30°/s and under
isokinetic conditions at the angular velocities of
30°/s and 60°/s for the right, left and both lower
limbs.

4. With the increase in angular velocity, peak torque
in the muscle group of extensors of the knee joint
decreased more rapidly than peak torque in the
flexor group. This tendency is statistically signifi-
cant for all selected angular velocities.

5. A decline in the value of muscle torque developed
at the knee joint along with an increase in angular
velocity was accompanied by changes in the joint
angle at which peak torque was reached. The value
of this angle decreased for extensors, but it in-
creased for flexors.
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