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further increased absence from training and competition 
[1]. It is evident that evaluation of the muscle strength 
profile of the thigh substantially provides important 
information for high performance coaches regarding the 
characteristics of their player group [4–6]. Especially in 
elite soccer teams this is an important tool to substan-
tially reduce the risk of lower limb muscle injuries [7], 
which can be used to design injury prevention training 
programs and improve overall competitiveness of the 
team [1].

Assessment of the m. Quadriceps and m. Hamstrings 
strength in particular is of significant importance for 
soccer players because it provides information regard-
ing maximal performance, lower limb biomechan-
ics, and functional capacity during typical soccer tasks 
such as running and kicking [8]. In case of injury and 

Introduction
In (professional) soccer, muscle injuries of the thigh are 
highly prevalent and may induce long term absence of 
players accompanied by intensive rehabilitation periods 
[1, 2]. Previous muscle injuries of the thigh are very likely 
to cause future injuries in the same or other lower limb 
muscles, if not monitored adequately [3]. This leads to 
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Abstract
Background  This study aimed to further complete normative data sets for the strength profile of the thigh in soccer 
players by performing isometric and isokinetic measurements in a large sample per player position.

Methods  In total, 364 soccer players were divided into subgroups according to their pitch position. All players 
performed isometric and isokinetic strength measurements during active competition period using an isokinetic 
dynamometer (System 3, Biodex®, ENRAF-NONIUS, New York, USA).

Results  Isokinetic strength of m. Quadriceps was significantly (p = 0.023) higher in strikers compared to central 
midfielders in both the dominant (+ 9%) and the non-dominant (+ 4%) leg. No further differences were found in 
isometric or isokinetic strength per playing positions.

Conclusions  We have shown that strength profiles do not differ between playing positions on the field. This is 
valuable information for elite soccer high performance coaches and medical staffs aiming to improve daily training 
efficiency and rehabilitation of their players.
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rehabilitation, retraining of these muscle groups are 
major outcome measures in the decision process towards 
return-to-play [9, 10]. To assess the strength of m. Quad-
riceps and m. Hamstrings, isometric and isokinetic tests 
on a dynamometer are the most commonly used objec-
tive measures [11].

As early rehabilitation often involves isometric strength 
training, isometric strength variables at different knee 
angels are valuable in assessing rehabilitation progress 
[12]. Although functionally probably less relevant to 
isokinetic evaluation, isometric muscle strength mea-
surements have been reported to have a high degree of 
standardization, easy to perform, induce lower physical 
stress and are considered very safe (i.e. low risk on injury 
during testing) for the participant [13, 14]. Under iso-
metric test conditions, subjects perform a maximal knee 
extension (mainly involving the quadriceps) or knee flex-
ion (mainly involving the hamstrings) usually for 3–4  s 
against a fixed resistance and knee angle. As such, iso-
metric assessments are an important part of the complete 
strength profile of soccer players [6]. Because isometric 
measurements are also used to evaluate the force-length 
relationship of a muscle [15, 16], it is important to note to 
test every muscle at optimal (sarcomere) length. Surpris-
ingly, isometric measurements are not frequently used to 
evaluate muscle strength profiles of elite soccer players, 
as the importance of such isometric testing often seems 
overlooked [17–20].

Isokinetic measurements on the other hand provide 
extended insights in individual dynamic muscle strength 
and muscle performance/fatigue profiles and are con-
sidered more functional [17, 21]. Here, subjects usually 
perform a series of 3–5 maximal eccentric and/or con-
centric contractions at a constant speed of 30° to 450°/
Sec. [22]. Previous research focusing on isokinetic mea-
surements in soccer players [17–20] has shown that the 
results of such measurements can be used as reference 
values for injury prevention, training and rehabilitation 
of soccer players. However, the studies conducted so far 
have included rather small sample sizes (n = 39) [18, 20] 
or when large sample sizes were included (n = 111) [19], 
these were divided into smaller subgroups (n = 14–30) to 
accommodate different player positions. Although cate-
gorization in pitch position has provided further insights 
on possible clinical differences between player profiles, 
these smaller subgroups ultimately lead to a decreased 
external validity of the normative data for each subgroup. 
Burigo et al. [17] included a large sample size (n = 582), 
but focused on the development of isokinetic cut-off val-
ues to predict future hamstring injury, rather than nor-
mative isokinetic data per player position. A similar study 
was conducted by Scoz et al. [33] in which 570 soccer 
players from different positions on the pitch were exam-
ined for different age-related effects on thigh muscle 

strength. Here, small effects of playing positions and a 
moderate effect of age on muscle strength in soccer play-
ers were shown. However, in order to deliver the most 
complete strength profile of the thigh in soccer players 
complementary analyses such as the ratio between m. 
Hamstrings and m. Quadriceps (H/Q ratio) are of great 
importance, because disbalances in the H/Q ratio sig-
nificantly increase the risk for injuries in soccer players 
[23–25]. Furthermore, comparisons between the domi-
nant and non-dominant leg (to evaluate strength imbal-
ances) [4, 25], and investigations of the impact of age on 
the strength outcomes per player position are interesting 
factors to take into account: younger players may display 
lower strength outcomes compared to older teammates, 
making these younger players more prone to lower limb 
neuromuscular control and thus lower limb injuries [26, 
27].

Therefore, the current study aims to further complete 
the normative data sets for the strength profile of the 
thigh, by performing isometric (at optimal m. Quadriceps 
and Hamstrings muscle length) and isokinetic measure-
ments in a large sample of elite soccer players per player 
position including H/Q ratios and regression analyses to 
investigate age effects on these strength variables. We 
hypothesize that the strength profile of players will differ 
according to different player positions, as well as accord-
ing to age and experience (younger vs. older players).

Materials & methods
Study design
This is a retrospective cohort study based on isomet-
ric and isokinetic data and clinical records of Belgian 
elite male soccer players from 2010 to 2021 performed 
by the Adlon Sports Medical Center (Hasselt Univer-
sity, Diepenbeek, Belgium). All players were active in the 
first Division A (Jupiler Pro League) or first Division B 
(Eerste Klasse B) of the Royal Belgian Football Associa-
tion and were in possession of a professional player con-
tract (~ 1–2 training sessions/day, 6x/week, 1–2 matches/
week). Isometric and isokinetic strength measurements 
were performed during active competition period using 
an isokinetic dynamometer (System 3, Biodex®, ENRAF-
NONIUS, New York, USA) [12, 28]. Players following a 
rehabilitation program in the context of a recent injury, a 
history of injury in the preceding 3-months or surgery in 
the preceding 6-months were not included in the sample. 
Prior to the muscle strength evaluation, body length and 
weight were measured and players performed a standard-
ized warming-up of 10  min cycling following by 2 × 20 
repetitions (50–60% 1RM) of leg extension and leg curl 
for m. Quadriceps and m. Hamstrings respectively on 
standardized Technogym® fitness equipment. Hereaf-
ter all players performed the isometric and isokinetic 
strength test in both legs. Throughout the strength 
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evaluation and analyses, legs were classified into the 
dominant leg (defined as the preferred leg when kicking 
the ball) vs. non-dominant leg, through personal commu-
nication with the players.

Players characteristics
In total, 364 soccer players were included in the cur-
rent analyses. All players were divided into subgroups 
according to their pitch position (the position in which 
the players played > 50% of their competitive matches): 
goalkeepers (GK, n = 33), central defenders (CD, n = 72), 
external defenders/wingbacks (ED, n = 54), central mid-
fielders (CM, n = 100), external midfielders/wingers (EM, 
n = 46) and strikers (S, n = 59) (see Table  1 for players 
characteristics). All data was anonymized, ensuring con-
fidentiality of both team and players. Players and teams 
were informed about the risks of the procedures and 
written informed consent for data collection and analysis 
was provided as part of the player’s professional contract. 
The study was approved by the medical ethical commit-
tee of Hasselt University and carried out according to the 
Declaration of Helsinki.

Isometric strength characteristics
Maximal voluntary isometric strength of the m. Ham-
strings was measured in a 45° (compared to the horizon-
tal plane) and in a 90° knee angle for m. Quadriceps and 
(in order to assess the impact of the force-length relation-
ship) [29], using the isokinetic dynamometer and follow-
ing the instructions of the manufacturer manual (Biodex 
Medical Systems, SYSTEM 3 PRO). After familiarization, 
two maximal isometric knee extensions (4s) and flexions 
(4s), followed by a 30s rest interval, were performed. The 
highest isometric extension and flexion peak torques (in 
Nm) were selected as the maximal isometric strength. All 
values are presented relative to body weight (Nm/kg).

Isokinetic strength characteristics
The isokinetic strength measurement was initiated fol-
lowing three submaximal trial knee-extensions/flexions. 
Players performed 5 maximal dynamic knee-extensions/
flexions at a velocity of 180°/s to assess the isokinetic 

strength of the knee muscles [22]. 180°/s was used in 
this study because this is presented in literature as the 
medium speed used during isokinetic measurements 
with good reliability (with 60°/s considered as low speed, 
and 300°/s as high speed isokinetic characteristics) [12, 
30, 31]. Extension of the knee was initiated at a joint 
angle of 90° to 160°. Following each extension, the leg was 
actively returned to the starting position from which the 
next contraction was immediately initiated. Throughout 
the range of movement, workload was kept constant dur-
ing both extension and flexion. The mean value (in Nm) 
of the highest 3 maximal contractions was selected as the 
maximal isokinetic strength. All values are presented rel-
ative to body weight (Nm/kg).

Strength variables
The conventional m. Hamstrings/m. Quadriceps (H/Q) 
ratio was calculated by dividing the peak strength of the 
m. Hamstrings by peak strength of the m. Quadriceps for 
both isometric (in both their angles, 45° and 90° respec-
tively) and isokinetic measurements, and was expressed 
as a percentage (%). Furthermore, regression analyses 
were performed to investigate the potential predictive 
variable of age on the strength outcomes.

Statistical analysis
All data were analyzed using SPSS v.22.0 (IBM, Armonk, 
NY). Normality of data distribution was evaluated using 
the Shapiro-Wilk test. Differences between legs of all 
players (dominant vs. non-dominant) for all variables 
(isometric 45° or 90°, isokinetic 180°/s for m. Quadri-
ceps and m. Hamstrings; H/Q ratio) were analyzed using 
dependent t-tests. Differences between positions (goal-
keepers, central defenders, external defenders, central 
midfielders, external midfielders, strikers) were ana-
lyzed by a repeated measures ANOVA (leg x position). 
Post-hoc (Tukey) comparisons were used to identify dif-
ferences between positions. Regression analyses were 
performed to investigate predictive variable of age on the 
strength outcomes per player position. For every depen-
dent strength variable, leg (dominant vs. non-dominant), 
angle (45°, 90°, 180°/s) and muscle (m. Quadriceps and m. 

Table 1  Player characteristics
N Age (years) Weight (kg) Length (m) BMI

General 364 22 ± 4 (16–38) 75.9 ± 8.6 (56–124) 1.81 ± 0.07 (1.64–2.09) 23 ± 2 (19–28)
GK 33 22 ± 5 (16–33) 81.7 ± 11.9 (67–124) 1.88 ± 0.08 (1.83–2.09) 23 ± 2 (20–28)
CD 72 24 ± 5 (17–38)* 80.2 ± 8.0 (64–98) 1.85 ± 0.05 (1.73–1.96) 23 ± 2 (19–28)
ED 54 22 ± 3 (17–31) 73.5 ± 5.3 (58–89) ǂ 1.79 ± 0.05 (1.69–1.91)β 23 ± 2 (20–27)
CM 100 21 ± 4 (17–32) 72.0 ± 7.5 (56–92) ǂ 1.78 ± 0.06 (1.65–1.93) β 23 ± 2 (19–27)
EM 46 22 ± 4 (16–31) 72.4 ± 7.4 (56–85) ǂ 1.77 ± 0.06 (1.64–1.88) β 23 ± 2 (19–26)
S 59 23 ± 4 (16–34) 79.0 ± 6.9 (61–93) 1.83 ± 0.07 (1.70–2.02) 24 ± 2 (19–28)
Data are presented as means ± SD’s and ranges (min-max values), and represent subject characteristics of the general group of players and per player position (GK, 
goalkeepers; CD, central defenders; ED, external defenders; CM, central midfielders; EM, external midfielders; S, strikers. *p < 0.05 compared to respective values of 
CM. ǂp < 0.05 compared to respective GK, CD and S values. βp < 0.05 compared to respective GK, CD and S values
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Hamstrings) a model was created with the independent 
factor age. All data are presented as means ± SD’s and sta-
tistical significance was set at p < 0.05.

Results
Player characteristics
Table 1 shows player characteristics of all players in gen-
eral and of players divided into subgroups of different 
playing positions. In CD, age was significantly higher 
compared to CM (24y ± 5 vs. 21y ± 4, p = 0.007). In ED 
(73.5 kg ± 5.3), CM (72.0 kg ± 7.5) and EM (72.4 kg ± 7.4) 
weight was significantly (p < 0.000) lower compared to 
respective values of GK (81.7 kg ± 11.9), CD (80.2 kg ± 8.0) 
and S (79.0 kg ± 6.9). Length was significantly (p < 0.000) 
lower in ED (1.79 m ± 0.05), CM (1.78 m ± 0.06) and EM 
(1.77  m ± 0.06) compared to respective values of GK 
(1.88 m ± 0.08), CD (1.85 m ± 0.05) and S (1.83 m ± 0.07). 
No differences were found for BMI between positions 
(p > 0.05).

Isometric strength characteristics
Isometric strength of the dominant m. Hamstrings 
(+ 6%, p < 0.000) and m. Quadriceps (+ 3%, p = 0.006) was 

significantly higher in all players compared to the non-
dominant side. Furthermore, H/Q ratio in all players was 
significantly higher in the dominant leg (+ 3%, p = 0.018) 
compared to the non-dominant side (see Fig. 1A and B).

Isometric strength of m. Hamstrings and m. Quadri-
ceps in different subgroups based on pitch positions is 
presented in Table 2; Fig. 1C and D, where no differences 
were found between positions (p > 0.05).

Isokinetic strength characteristics
Isokinetic strength in 180°/s of all players of the domi-
nant m. Quadriceps was significantly lower (-1.4%, 
p = 0.009) compared to the non-dominant side, whilst 
strength of the dominant m. Hamstrings was significantly 
higher (+ 3%, p < 0.000) compared to the non-dominant 
side. Furthermore, H/Q ratio in 180°/s was significantly 
higher in the dominant leg (+ 5%, p < 0.000) compared to 
the non-dominant side (see Fig. 2A and B).

Isokinetic strength in 180°/s of different subgroups 
based on playing positions is presented in Table  3, 
where m. Quadriceps was significantly (p = 0.023) higher 
in S compared to CM on both the dominant (+ 9%, see 
Fig.  2C) and the non-dominant side (+ 4%, see Fig.  2D). 

Fig. 1  Isometric strength characteristics. Data are presented as means ± SD’s and represent isometric peak torque values (A ,in Nm/kg) and ratios (B, peak 
strength of m. Hamstrings divided by peak strength of m. Quadriceps, in %) in a 90° angle of m. Quadriceps (full line) and 45° angle of m. Hamstrings (dot-
ted line) of the dominant and non-dominant leg, in all players (A & B) and per player positions (C & D) following 2 maximal isometric contractions (4 s)
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No differences were found for m. Hamstrings and H/Q 
ratio between playing positions (p > 0.05).

Regression analysis
For every dependent variable (all isometric and isokinetic 
strength outcomes as described above), a model was 

created with age as the independent/predictable factor, to 
explore the impact of age on strength measures in soccer 
players. No dependent strength variables were significant 
for the factor age (p > 0.05).

Table 2  Isometric strength characteristics per player position
Leg GK (n = 33) CD (n = 72) ED (n = 54) CM (n = 99) EM (n = 46) S (n = 59)

Quadriceps in 
90° (Nm/kg)

Dǂ 3.47 ± 0.47 (2.4–4.2) 3.51 ± 0.68 (2.4–5.3) 3.61 ± 0.61 (2.4–5.2) 3.50 ± 0.63 (2.0–5.5) 3.56 ± 0.92 (1.9–5.9) 3.77 ± 0.72 
(1.9–5.0)

ND 3.47 ± 0.55 (2.6–4.6) 3.43 ± 0.66 (2.1–5.3) 3.53 ± 0.54 (2.4–4.5) 3.48 ± 0.55 (2.0–5.3) 3.48 ± 0.74 (2.1–5.2) 3.60 ± 0.82 
(1.7–5.5)

Hamstrings in 
45° (Nm/kg)

Dǂ 1.91 ± 0.23 (1.3–2.7) 1.89 ± 0.29 (1.1–2.4) 1.89 ± 0.31 (1.1–2.5) 1.88 ± 0.32 (1.1–2.9) 1.76 ± 0.32 (0.8–2.5) 1.90 ± 0.34 
(1.3–2.6)

ND 1.80 ± 0.22 (1.2–2.3) 1.79 ± 0.28 (0.9–2.5) 1.87 ± 0.33 (0.9–2.5) 1.77 ± 0.34 (1.0–3.0) 1.73 ± 0.31 (1.0–2.3) 1.84 ± 0.38 
(1.2–3.0)

H/Q ratio (%) Dǂ 57 ± 11 (38–77) 55 ± 11 (35–91) 54 ± 9 (34–85) 54 ± 12 (35–97) 52 ± 14 (30–103) 52 ± 13 (36–92)
ND 53 ± 10 (37–74) 54 ± 13 (32–86) 54 ± 10 (28–72) 52 ± 10 (32–81) 51 ± 11 (27–72) 53 ± 13 (34–94)

Data are presented as means ± SD’s and represent isometric peak torque values (in Nm/kg), ranges (min-max values) and ratios (peak strength of m.Hamstrings 
divided by peak strength of m. Quadriceps, in %) of m. Quadriceps and m. Hamstrings of the dominant (D) and non-dominant (ND) leg, per player positions following 
2 maximal isometric contractions (4 s) in a 45° (M. Hamstrings) or 90° (m. Quadriceps) knee-angle (relative to the horizontal plane). ǂp < 0.05 compared to the opposite 
leg in all groups

Fig. 2  Isokinetic strength characteristics in 180°/s. Data are presented as means ± SD’s and represent mean peak torque values of the 3 highest maximal 
isokinetic contractions at 180°/s (Figure A, in Nm/kg) and ratios (B, peak strength of m. Hamstrings divided by peak strength of m. Quadriceps, in %) of m. 
Quadriceps (full line) and m. Hamstrings (dotted line) of the dominant and non-dominant leg, in all players (A) and per player positions (C & D) following 
30 maximal isokinetic contractions. *p < 0.05 between both mean peak torque values
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Discussion
The current study aimed to further enlarge the pool of 
normative data for the isometric and isokinetic strength 
profile of the thigh in a large sample of elite soccer play-
ers in Belgium, by pitch positions. To our knowledge, this 
is the first study to investigate this using a larger sample 
size and including both isometric and isokinetic assess-
ments using transparent standardized and reliable proto-
cols. Generally, we have shown that strength profiles do 
not differ between playing positions on the field. Further-
more, and under the conditions of the present study, age 
appears not to affect the strength profile of soccer play-
ers. Taken together, this is valuable information for elite 
soccer high performance coaches and medical staffs aim-
ing to improve daily training efficiency and rehabilitation 
of their players.

In elite soccer clubs, analytic data approaches in differ-
ent aspects are becoming increasingly important [32]. As 
such, scientific information and data on various physi-
cal performance outcomes such as muscle strength can 
increase the competitiveness of the team and decrease 
negative impacts of, for instance injured players for the 
club [1]. Furthermore, due to the demanding physical 
strain in professional soccer with an increasing number 
of consecutive matches, objective data and monitoring 
are valuable for high performance teams in order to opti-
mally train their players and as such avoid muscle injury. 
Consequently, strength profiles of soccer players have 
been evaluated. Estradiote et al. [18] found that the iso-
kinetic strength of the knee flexors of the dominant side 
were stronger compared to the opposite leg at 60°/s and 
300°/s in professional Portuguese soccer players. Our 
data confirm these findings in a larger sample (n = 364 vs. 
n = 30), at 180°/s for the m. Hamstrings, as well as dur-
ing isometric measurements, where the m. Hamstrings 
of the dominant side was stronger compared to the non-
dominant side. Zabka et al. [20] attempted to develop 

reference values of isokinetic measurements in 60°/s and 
240°/s. However, this research was conducted in a rather 
small sample (n = 39) where peak torque values were not 
corrected for body weight in the given research data. This 
makes comparison with our dataset difficult. The H: Q 
ratio, expressed as a percentage, of the higher velocity 
(240°/s) displayed in Zabka et al. [20] is very comparable 
to the ratios seen in the present study (around 67–69%). 
However, Zabka et al. did not differentiate between the 
dominant and non-dominant side and used an arbi-
trary left-right distribution, which presents a limitation 
compared to the present study where the subdivision 
dominant vs. non-dominant was made. Therefore, com-
parison of this data is rather difficult. To our knowledge, 
Sliwowski et al. [19] were the first to investigate strength 
characteristics in a larger sample of elite players (n = 111), 
with the subdivision into groups per playing position. 
These authors noted that the isokinetic strength pro-
file varies according to playing positions on the field 
and therefore concluded that specific functional activ-
ity of players in individual field positions affects the iso-
kinetic strength profile. This however is in contrast with 
our findings indicating only minor differences between 
both isometric and isokinetic strength profiles per play-
ing position. We show that with exception of isokinetic 
strength in strikers compared to central midfielders (S 
vs. CM, + 9%), no differences between playing positions 
are found in professional soccer players in Belgium. 
However, when looking more closely into the differences 
reported by Sliwowski et al. [19], it becomes clear that 
these differences are only found in the strength profile 
of goalkeepers compared to central defenders, external 
defenders and central midfielders whilst no other dif-
ferences between positions were reported. Still, the dif-
ference in the strength profile of goalkeepers compared 
to field positions by Sliwowksi et al. [19] is not in accor-
dance to the findings in our study. We have shown that in 

Table 3  Isokinetic strength characteristics during 180°/sec per player position
Variables in 
180°/s

Leg GK (n = 33) CD (n = 72) ED (n = 54) CM (n = 99) EM (n = 46) S (n = 59)

Quadriceps (Nm/
kg)

D 2.27 ± 0.29 (1.6–2.8) 2.29 ± 0.36 (1.2–3.3) 2.34 ± 0.29 (1.7–3.0) 2.23 ± 0.31 (1.3–3.0) 2.31 ± 0.31 (1.8–3.0) 2.40 ± 0.33 
(1.6–3.3) *

NDǂ 2.33 ± 0.31 (1.6–2.8) 2.33 ± 0.34 (1.7–3.2) 2.38 ± 0.28 (1.6–2.9) 2.26 ± 0.31 (1.5–3.1) 2.36 ± 0.27 (1.8–3.2) 2.39 ± 0.33 
(1.6–3.3) *

Hamstrings (Nm/
kg)

Dǂ 1.55 ± 0.25 (1.0–2.0) 1.54 ± 0.27 (0.6–2.0) 1.58 ± 0.19 (1.1–1.9) 1.49 ± 0.24 (0.7–2.1) 1.51 ± 0.27 (1.0–2.1) 1.58 ± 0.26 
(0.9–2.1)

ND 1.51 ± 0.26 (1.0–2.2) 1.52 ± 0.27 (0.9–2.3) 1.49 ± 0.24 (0.8–1.9) 1.46 ± 0.25 (0.9–2.0) 1.48 ± 0.28 (1.0–2.1) 1.54 ± 0.27 
(0.9–2.1)

H/Q ratio (%) Dǂ 69.0 ± 10.7 (46–93) 68.3 ± 12.9 (48–102) 68.1 ± 9.5 (50–93) 67.8 ± 10.9 (41–94) 65.9 ± 10.9 (42–102) 66.7 ± 10.8 
(47–103)

ND 65.1 ± 10.9 (42–88) 65.6 ± 13.3 (44–102) 64.4 ± 9.8 (37–88) 65.1 ± 11.4 (37–92) 62.6 ± 11.7 (40–92) 64.2 ± 9.1 
(43–84)

Data are presented as means ± SD’s and represent isokinetic peak torque values (in Nm/kg), ranges (min-max values) and ratios (peak strength of m.Hamstrings 
divided by peak strength of m. Quadriceps, in %) of m. Quadriceps and m. Hamstrings of the dominant (D) and non-dominant (ND) leg, per player positions following 
30 isokinetic contractions at 180°/s. *p < 0.05 compared to respective values of CM. ǂp < 0.05 compared to the opposite leg in all groups
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a larger sample of elite soccer players, the strength profile 
of goalkeepers is not different from other field positions. 
Burigo et al. [17] recently also investigated the isokinetic 
strength in (elite) soccer in a large sample (n = 582). 
However, they focused on the relation between muscle 
injuries, more specific of the m. Hamstrings, and the 
isokinetic strength values. Because they did not report 
strength values (in Nm) and no subdivision into playing 
positions was shown, comparison with our large dataset 
is not possible.

We also investigated age effects on all strength out-
comes per player position, by performing regression 
analyses for every strength parameter. Danneskiold et 
al. [11] already demonstrated that age affects muscle 
strength, with decreasing muscle strength with age. 
Interestingly, however, under the conditions of this study 
age did not seem to affect strength parameters. It was 
our hypothesis that younger soccer players in Belgium, 
at the beginning of their career, would present different 
(e.g. lower) strength profiles compared to players in the 
middle/end of their career, as this strength profile is also 
found in healthy non-athletes. However, it thus seems 
that the strength values and profile are similar to older 
players, and not age-dependent. These results are very 
interesting and valuable, as coaches can take into account 
this information in the analyses of their younger talents. 
However, these analyses remain exploratory in the cur-
rent study and should be validated/reproduced in future 
research. The inconsistency with findings of Danneskiold 
et al. [11] may lie within the fact that we have investigated 
muscle strength in high performance soccer players with 
an age range of 16–38 years, whilst Danneskiold [11] 
included male subjects within the range of 20–79 years. 
Potentially, the decline in muscle strength is seen in the 
older years, but not during the active period of a profes-
sional soccer player. Therefore, comparison of our data 
of professional soccer players to the data of Danneski-
old [11] of healthy subjects, with no high-performance 
sports background, is rather difficult. Scoz et al. [33] did 
investigate the impact of age in a similar population as 
our study, as they investigated 570 soccer players in the 
first or second Brazilian division. Here, they state that 
midfielders and goalkeepers are most affected by age-
ing, with a significant reduction of strength after 29 years 
when compared to younger player categories [33]. How-
ever, this conclusion based on the presented data of Scoz 
et al. [33] seems questionable, as the design of the study 
may not support these statements. Players in that study 
[33] were not followed-up throughout their professional 
soccer career. Therefore, comparison of strength val-
ues of different players at different ages may not provide 
valid results regarding the impact of age on individual 
strength outcomes. To conclude such hypothesis, play-
ers should be tested more regularly throughout the years 

and analysis should be made with individual strength 
outcome data throughout the years, to identify age as a 
strength-decreasing factor in professional soccer. Our 
present data, as the data of Scoz et al. [33] was not able to 
provide this, therefore conclusions regarding the impact 
of age should be made and interpreted with caution, and 
needs further investigation in the future.

This study provides normative values and ratios which 
can be used by high performance coaches/clubs in the 
Belgian football community to optimize the training 
and rehabilitation of their team, by using these norma-
tive values and ratios as objective endpoints for training 
and rehabilitation. As a limitation, the extrapolation to 
other elite soccer leagues may be rather difficult, due to 
the diversity of soccer leagues across the community with 
different and specific demands in every league. Further-
more, it could be interesting to investigate these results in 
relation to other, less expensive, clinical assessment (field 
tests) in order to expand the clinical use of these data.

Conclusion
This normative dataset shows that strength profiles of 
elite soccer players in the Belgian professional soccer 
community do not seem to differ between pitch positions 
on the field. Furthermore, age does not seem to influence 
the strength profile of Belgian players. Taken together, 
this is valuable objective information which can be used 
by high performance coaches/clubs in the Belgian foot-
ball community to optimize the training and rehabilita-
tion of their team.
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