
HUMAN MOVEMENT (ISSN 1899-1955) 

81

ISOMETRIC KNEE TORQUE, QUADRICEPS-HAMSTRINGS RATIO,  
AND JUMPING PARAMETERS IN BRAZILIAN SOCCER PLAYERS  
OF DIFFERENT AGE CATEGORIES

ISABELLA FERREIRA1  , JEFFERSON DOS SANTOS1  , MATHEUS SOUZA1  ,  
ANDERSON TEIXEIRA2  , AUGUSTO BARBOSA3  , FÁBIO NAKAMURA4  ,  
ALEXANDRE BARBOSA1 
1	Musculoskeletal Research Group, Department of Physical Therapy, Federal University of Juiz de Fora,  

Governador Valadares, Brazil
2	Research Group for Development of Football and Futsal / Physical Effort Laboratory, Sports Centre, Federal University 

of Santa Catarina, Florianópolis, Brazil
3 Meazure Sport Sciences, São Paulo, Brazil
4 Associate Graduate Program in Physical Education, Federal University of Paraíba, João Pessoa, Brazil

Abstract
Purpose. This study assessed the isometric torque, hamstring-to-quadriceps ratio, and jump performance among three 
age groups of soccer players.
Methods. 67 male players were divided by chronological age into the under-17 (U17: n = 29), under-20 (U20: n = 22), 
and above-20-year (PRO: n = 16) groups. They performed countermovement (CMJ) and squat (SJ) jumps. Also, maximal 
isometric contractions during knee flexion and extension for right (R-TOR) and left limb (L-TOR) torque were assessed. 
Hamstrings-quadriceps (H:Q) and CMJ:SJ ratios were determined.
Results. Compared with U17 and U20, PRO showed higher CMJ (  = 20% and 14%; both p < 0.01) and SJ (  = 19% and 
13%; p < 0.01 and p = 0.02, respectively), and higher absolute R-TOR and L-TOR during knee extension (  = 40% and 58%; 
both p < 0.01). PRO exhibited higher absolute L-TOR and R-TOR during knee flexion than U17 (  = 22% and 26%; p = 0.04 
and p < 0.01, respectively). Between-group differences were not detected in normalized torque, except for knee extension 
R-TOR (PRO > U17; p = 0.04). Greater differences for quadriceps absolute torque (effect size: 1.37–1.46) were observed in the 
hamstrings (effect size: 0.30–0.92) between PRO and U17. No differences were found for any H:Q torque ratio, but moderate 
effect sizes (0.71–0.75) were verified between PRO and the other groups. No differences were found for CMJ:SJ ratio.
Conclusions. PRO players are more powerful than U17 and U20. Differences in strength level between PRO and U17/U20 
are muscle-dependent. The larger strength development of quadriceps over hamstrings can result in lower isometric H:Q 
torque ratio for PRO.
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Introduction

The soccer game involves unpredictable and uncon-
ventional actions with a significant amount of back-
ward running, sideway movements, skipping, and 
shuffling [1, 2]. High-intensity runs are also frequent 
and decisive, and are generally combined with accel-
eration and deceleration, changes of directions, jumps, 

heading, kicking, and dribbling [1, 2]. The evolution 
of both technical and tactical performance in soccer 
has been accompanied by a progressive increase in 
game speed [3], thus requiring neuromuscular qual-
ities to optimize the mechanical actions of the players 
[4]. Studies have reported that competitive or simu-
lated matches impair neuromuscular performance as-
sessed through isometric or concentric/eccentric muscle 
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actions and vertical jumps in both professional and 
youth soccer players [5–7], highlighting its high neuro-
muscular demands.

It has been demonstrated that a variety of physical 
capacities, mainly aerobic performance and repeated-
sprint ability, improve gradually throughout the youth 
player’s specialization process [8–10]. The available in-
formation regarding power-speed-related abilities is 
less abundant though [11]. Surprisingly, recent studies 
have shown no significant age- or training-level-re-
lated differences in crucial neuromuscular performance 
attributes, such as 20-m-sprint and change-of-direc-
tion speeds [9, 12]. These controversial findings indi-
cate that further comparative studies regarding the 
development of physical components among differ-
ent competitive age groups are needed.

Muscular strength and vertical jump performance 
are expected to increase with age owing to interac-
tion between growth- and maturity-related changes 
with the training process in adolescent soccer players 
[13–15]. The age-related development of muscular 
strength and jump performance includes neuromus-
cular, biomechanical, and structural changes. For in-
stance, there are increases in muscle size, voluntary 
activation level, musculotendinous stiffness, moment 
arm length, muscle architecture properties (e.g., pen-
nation angle and fascicle length), and body size meas-
ures (e.g., body mass). These changes combined may 
result in greater muscular strength levels and jump 
performance [16]. Increasing muscular strength levels 
are especially recommended to prepare the players to 
sustain the high work rates throughout training and 
matches [4], as well as to mitigate their injury risk [17]. 
It is also important to proportionally increase the knee 
extensor and flexor ability to produce force so that an 
imbalance in the hamstring/quadriceps (H:Q) torque 
ratio can be avoided, and knee joint stability is there-
by maintained. Interestingly, cross-sectional studies 
have found a dissimilar pattern of the H:Q torque ratio 
across age and maturity groups in youth soccer and 
basketball players, with a linear trend for isokinetic 
knee extensors strength values and a quadratic curvi-
linear pattern for knee flexors muscles, reaching a pla-
teau approximately two years after the maximum 
growth rate in height (i.e., peak height velocity) [13, 18]. 
It is then suggested that older and early maturing 
players during the talent development process may 
be more susceptible to hamstring muscle injuries (e.g., 
tear or ruptures) [13, 18].

Neuromuscular qualities are commonly evaluated 
by isokinetic dynamometers, which provide parame-
ters of isometric and dynamic muscle functions [13, 17]. 

However, more affordable and less time-consuming 
tools have emerged to safely and reliably assess the 
lower-limb strength and power for quadriceps and 
hamstrings under field conditions, such as load cells 
and inertial sensors [19–21]. These devices can be more 
accessible to teams competing at a sub-elite level and 
provide useful information about how youth players 
have developed and the state of readiness of adult play-
ers to face the next soccer match and training loads.

While most of the studies are focused on assess-
ing both elite youth and professional players training in 
the most prestigious and traditional soccer clubs and 
academies [12, 22, 23], researchers and practitioners 
should also pay attention to the athletic development of 
the players from clubs with limited financial resources 
as the training load management (e.g., training content, 
quality, and quantity) can be completely distinct and 
less elaborated [24]. Moreover, sub-elite players tend 
to be less physically developed than elite ones [22, 23]. 
On the other hand, within a more practical perspec-
tive, some of these players are regularly promoted to 
elite clubs owing to their refined technical skills either 
during early ages (11–17 years) or closer to the highest 
competitive level (18–23 years). Therefore, further stud-
ies describing muscle power and strength profile of 
sub-elite soccer players are warranted. Such infor-
mation is essential to identify the physical qualities 
that should be optimized at the sub-elite level with the 
aim to diminish the performance gap between players 
of different competitive levels.

This study aimed to evaluate and compare neuro-
muscular qualities (isometric torque, hamstring-to-
quadriceps ratio, and jumping performances) between 
two age groups (U17, U20) and adult sub-elite soccer 
players. In addition, the relationship between H:Q 
torque ratio and knee extensors isometric torque was 
also examined for the total sample. We hypothesized 
that the older male soccer players would present higher 
muscle strength and power, and lower H:Q torque ratio 
values than the younger ones.

Material and methods

Study design

This cross-sectional comparative study examined 
possible differences in strength and power qualities of 
three official age-group categories of soccer players 
(U17, U20, and PRO) from two Brazilian soccer clubs. 
During the first month of the 2019–2020 pre-season, 
the athletes performed the following tests: vertical jumps 
and lower limb isometric torque. The results were then 



HUMAN MOVEMENT

I. Ferreira et al., Comparison of age categories in soccer

83
Human Movement, Vol. 23, No 3, 2022

compared across the age-group categories. The test ses-
sions were carried out at the same time of day (after-
noon) and under the same experimental conditions. 
Team training intensity and volume were reduced the 
day before testing, and the players were instructed to 
consume their usual diet on the days before testing. 
No food intake was allowed in the 2–3 hours before 
testing. Only one player was tested at a time, and they 
instructed and verbally encouraged to put in their maxi-
mal effort during the assessments.

Participants

A total of 67 male soccer players (Table 1) took part 
in this study. A one-tailed post-hoc power analysis was 
performed with the consideration of the minimum 
effect size (ES) of 0.30, an alpha level of 0.05, and the 
sample of 67 participants (G*POWER™️ software, 
version 3.1.5, Franz Faul, Universität Kiel, Germany). 
The returned power was 0.809. The athletes were 
grouped in accordance with their chronological age 
[11, 25] into 3 categories: U17 (n = 29), U20 (n = 22), 
and above-20-year (PRO, n = 16). The objectives of 
the study were explained to the participants and to 
their legal guardians, and they were all notified of the 
benefits and potential risks involved.

Vertical jumping ability

The vertical jumping ability was assessed by the 
squat (SJ) (standard error of measurement: 0.84 cm; 
coefficient of variation [CV]: 1.50%; intraclass corre-
lation coefficient [ICC]: 0.98; 95% confidence interval 
[95% CI]: 0.96–0.99; F = 102.70; p < 0.01) [26] and 
countermovement (CMJ) (standard error of meas-
urement: 1.29 cm; CV = 1.30%; ICC = 0.99; 95% CI: 
0.99–1.00; F = 355.37; p < 0.01) jumps [9, 12, 19, 27].

In SJ, a static position with a 90° knee flexion angle 
was kept for 2 s before a jump attempt without any 
preparatory movement. In CMJ, the athletes performed 
a downward movement followed by a complete lower 
limbs extension. They freely determined the ampli-
tude of the countermovement to avoid changes in the 
jumping coordination pattern [28]. All jumps were 
executed with the hands on the hips. Two attempts of 
each jump were performed with 15-s intervals between 
the trials [9, 12, 25, 29]. The mean result of the trials 
was retained for analysis.

A G-Sensor (BTSTM Bioengineering Corp., Quincy, 
MA, USA) was positioned on the lower back with the 
centre of the device corresponding to the S1–S2 ver-
tebrae, in accordance with the manufacturer’s user 
guide, and measured the jump height and flight time 
for each attempt. The device consists of a triaxial ac-
celerometer (16 bit/axis; 8 g), a triaxial magnetometer 
(13 bit; 1200 μT), a triaxial gyroscope (16 bit/axis; 
250°/s), and a global positioning system receiver [30]. 
Additionally, the CMJ:SJ ratio was calculated to as-
sess the efficiency of the players in the utilization of 
the stretch-shortening cycle. The data were extracted 
by the G-Studio software (BTSTM Bioengineering Corp., 
Quincy, MA, USA) and the jump heights were deter-
mined by the flight time using the following equation:

(gravity ∙ flight time2) / 8

The sensor validity was compared with an optoe-
lectric system [20], which resulted in a very strong 
correlation between both devices (r = 0.91; p < 0.01; 
bias: 1.80 ± 1.80 cm).

Isometric force

The knee flexion-extension isometric force was as-
sessed with a load cell (model MNCS-M; Bode Tech-

Table 1. Participants’ characteristics

Outcome U17 U20 PRO Differences

n 29 22 16 –
Age (years) 16 ± 0.9 19 ± 0.7 24 ± 3 PRO > U20 > U17
Weight (kg) 63 ± 9 66 ± 9 74 ± 8 PRO > U20; PRO > U17
Height (cm) 175 ± 9 175 ± 7 175 ± 6 NS
BMI (kg/m2) 21 ± 2 21 ± 2 24 ± 2 PRO > U20; PRO > U17
R-thigh perimeter (cm)a 50 ± 5 50 ± 6 50 ± 4 NS
L-thigh perimeter (cm)a 50 ± 5 50 ± 5 49 ± 5 NS
R-leg height (cm) 48 ± 4 47 ± 6 40 ± 3 PRO < U20; PRO < U17
L-leg height (cm) 47 ± 4 46 ± 6 40 ± 3 PRO < U20; PRO < U17

U17 – under-17 group, U20 – under-20 group, PRO – professional group, BMI – body mass index, R – right, L – left,  
NS – non-significant
a The perimeter was assessed at the midpoint of the thigh length. Significant differences were assumed at p < 0.05.
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nical Services, Denver, CO, USA; maximum tension-
compression = 200 kgf; precision = 0.1 kgf; 5-digit 
display; refresh rate of the load cell display = 30 Hz) 
in both lower limbs (right [R] and left [L]). Each leg 
was tested 3 times (10-s contraction and 1-minute 
rest between the trials) by using the load cell fixed to 
the wall with a chain and the volunteer’s ankle with 
a strap (Figure 1). The average of the 2 best results was 
retained for analysis. Knee extension and flexion were 
assessed with the volunteer seated on a chair with the 
feet resting on the floor, knees and hips flexed at 90° 
(Figure 1). The load cell cable was positioned perpen-
dicularly to the centre of the knee joint. The direct 
measurement of the leg length was performed by using 
a tape measure (accuracy: 1 mm) from the head of the 
fibula to the lateral malleolus. Goniometric measure-
ments ensured the same positions in all assessments. 
The same researcher gave a standardized verbal com-
mand (‘prepare,’ ‘force’) for all athletes. The load cell 
display was video-recorded at 60 Hz and peak force 
was obtained through a posterior video frame-by-frame 
analysis. The torque (TOR) was calculated as the prod-
uct between the peak force and the moment arm, cor-
responding to the individual leg length (in meters). 
Torque measures are expressed in absolute (N ∙ m) and 
relative (N ∙ m/kg) values. Muscle imbalances of each 
limb were assessed through a ratio (H:Q) between knee 
flexors and extensors torque. The validity of the load 
cell had been evaluated in a previous study [31]. We 
also verified the reliability for the torque in the right 
(standard error of measurement: 31.7 N ∙ m; CV = 9.10%; 

ICC = 0.92; 95% CI: 0.79–0.97; F = 23.82; p < 0.01) 
and left extension (standard error of measurement: 
29.1 N ∙ m; CV = 7.00%; ICC = 0.96; 95% CI: 0.89–0.98; 
F = 45.29; p < 0.01), and right (standard error of meas-
urement: 22.80 N ∙ m; CV = 7.70%; ICC = 0.81; 95% 
CI: 0.55–0.93; F = 9.47; p < 0.01) and left f lexion 
(standard error of measurement: 23.60 N ∙ m; CV = 
6.20%; ICC = 0.85; 95% CI: 0.64–0.94; F = 12.38; p < 
0.01). The leg preference of the players was not moni-
tored.

Statistical analyses

Data were presented as mean and standard devi-
ation. The Shapiro-Wilk test checked the data distribu-
tion. Data distribution normality was accepted, and the 
multivariate analysis of variance (MANOVA) general 
linear model assessed between-group individual dif-
ferences; to extend the analysis, we took into account 
multiple continuous dependent variables, bundling 
them together into a weighted linear combination or 
composite variable (Pillai’s trace). Holm’s post-hoc test 
was performed for pairwise comparisons. The stand-
ardized differences for the comparisons of all variables 
were analysed by using Cohen’s d ES. The magnitude 
of ES was interpreted with the following thresholds: 
< 0.2, trivial; 0.2–0.6, small; 0.6–1.2, moderate; 1.2–2.0, 
large; 2.0–4.0, very large; > 4.0, nearly perfect [26]. Pear-
son’s coefficient (r) assessed the correlation among the 
H:Q ratios and TOR values, and was interpreted as: 
< 0.1, trivial; 0.1–0.3, small; 0.3–0.5, moderate; 0.5–0.7, 

Figure 1. Setup for the assessment of flexion (A) 
and extension (B) forces
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large; 0.7–0.9, very large; > 0.9, nearly perfect [26]. The 
significance was set at p < 0.05. The analyses were per-
formed with the Jamovi software (version 1.2; The 
JAMOVI Project, 2020; retrieved from: https://www.
jamovi.org).

Ethical approval
The research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Federal 
University of Juiz de Fora ethics committee for human 
investigation (reference number: 25180919.2.0000. 
5147).

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

The groups did not perform co-interventions and 
the participants reported no adverse effects during the 
assessments. All variables presented between-group 
differences in a composite factor (Pillai’s F[22,110] = 2.17; 
p < 0.01), whereas univariate differences were detected 
for CMJ (F = 8.68; p < 0.01) and SJ (F = 7.79; p < 0.01) 
height. Knee extension (R: F = 10.98, p < 0.01; L: F = 
8.50, p < 0.01) and flexion (R: F = 5.32, p < 0.01; L: F = 
8.50, p < 0.01) also exhibited torque differences.

Table 2 summarizes the descriptive data. Compared 
with both U17 and U20 (respectively), PRO showed 
greater CMJ height (p < 0.01, ES = 1.24 [large]; p = 
0.01, ES = 0.95 [moderate]), CMJ flight time (p < 0.01, 
ES = 1.24 [large]; p = 0.03, ES = 0.98 [moderate]), SJ 
height (p < 0.01, ES = 1.16 [moderate]; p = 0.02, ES = 
0.88 [moderate]), SJ flight time (p < 0.01, ES = 1.46 
[large]; p = 0.03, ES = 1 [moderate]), R-TOR (p < 0.01, 
ES = 1.46 [large]; p < 0.01, ES = 1.22 [large]), and L-TOR 
(p < 0.01, ES = 1.37 [large]; p < 0.01, ES = 1.03 [mod-
erate]) during knee isometric extension. Compared 
with U17, PRO also presented higher R-TOR (p < 0.01, 
ES = 0.92 [moderate]) and L-TOR (p = 0.04, ES = 0.30 
[small]) during flexion. The groups did not differ when 
torque measures were normalized by body mass, with 
the exception of knee extensor R-TOR, which remained 
significantly lower in U17 compared with PRO (p = 
0.04, ES = 0.83 [moderate]).

No significant differences were found for right- (F = 
2.69, p = 0.07) or left-limb (F = 2.57, p = 0.08) H:Q ratio. 
However, owing to marginal values, pairwise ES values 
were calculated. Moderate ES were determined be-
tween PRO and both U17 (ES = 0.72 for R-H:Q, ES = 
0.71 for L-H:Q) and U20 (ES = 0.74 for R-H:Q, ES = 
0.75 for L-H:Q). Only trivial ES values were observed 
between U17 and U20 (ES = 0.08 for R-H:Q, ES = 0.03 
for L-H:Q). No significant differences were found for 
the CMJ:SJ ratio (F = 0.06, p = 0.93) (Figure 2).

The R-H:Q was moderate and negatively correlated 
with R-TOR extension (r = –0.70, p < 0.01); it also 

Table 2. Descriptive statistics (mean ± standard deviation) for vertical jumping performance and knee extension  
and flexion torque for U17, U20, and professional soccer players, with pairwise comparisons derived from MANOVA  

and effect size values

Outcomes
Age groups

Pairwise comparisons

p [effect size]

U17 U20 PRO PRO > U17 PRO > U20

CMJ Height (cm) 29.3 ± 4.7 31 ± 4.1 35.3 ± 4.9 0.001 [1.24] 0.010 [0.95]
SJ Height (cm) 28.9 ± 4.7 30.5 ± 4 34.4 ± 4.8 0.001 [1.16] 0.020 [0.88]

Knee extension

R-TOR (N ∙ m) 1004 ± 432 1117 ± 388 1584 ± 375 0.001 [1.46] 0.002 [1.22]
R-TOR (N ∙ m/kg) 16.2 ± 7.0 17.4 ± 6.6 21.4 ± 4.9 0.037 [0.83] NS
L-TOR (N ∙ m) 996 ± 427 1100 ± 471 1535 ± 358 0.001 [1.37] 0.006 [1.03]
L-TOR (N ∙ m/kg) 16.0 ± 6.8 17.1 ± 7.9 20.8 ± 4.5 NS NS

Knee flexion

R-TOR (N ∙ m) 480 ± 123 563 ± 126 604 ± 145 0.001 [0.92] NS
R-TOR (N ∙ m/kg) 7.7 ± 1.9 8.6 ± 1.9 8.2 ± 1.8 NS NS
L-TOR (N ∙ m) 506 ± 137 573 ± 150 619 ± 149 0.040 [0.30] NS
L-TOR (N ∙ m/kg) 8.1 ± 2.1 8.8 ± 2.6 8.4 ± 2.0 NS NS

U17 – under-17 group, U20 – under-20 group, PRO – professional group, CMJ – countermovement jump,  
SJ – squat jump, height – jump height, R – right, L – left, TOR – torque, NS – non-significant
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H:Q – hamstring/quadriceps ratio

Figure 3. Relationships of the knee extensors and flexors isometric torque with right (panels A and B)  
and left (panels C and D) H:Q ratio (n = 67)

U17	 – under-17 group 
U20	 – under-20 group 
PRO	– professional group 
ES	 – effect size 
H:Q	 – hamstring/quadriceps ratio  
CMJ	– countermovement jump 
SJ	 – squat jump

Figure 2. Ratio indexes
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showed a small positive correlation with R-TOR flex-
ion (r = 0.38, p < 0.01). The L-H:Q exhibited a large 
negative and a small positive correlation with L-TOR 
extension (r = –0.73, p < 0.01) and L-TOR flexion (r = 
0.39, p < 0.01), respectively. The correlations are de-
tailed in Figure 3.

Discussion

This study examined differences in vertical jump 
and isometric knee extension and flexion torques 
across three age categories (U17, U20, and PRO) of male 
soccer players. Our findings revealed consistent large-
to-moderate differences in PRO over U17 and U20 
players in CMJ and SJ, as well as in isometric knee 
extension and flexion torques, whereas U17 and U20 
players did not differ from each other. Furthermore, 
age-related differences between PRO and U17/U20 
players for the isometric knee extension (large-to-mod-
erate ES) were larger than those observed for the knee 
flexion torque (moderate-to-small ES).

Strength and conditioning coaches and sports sci-
entists may benefit from understanding jumping per-
formance changes from early adolescence to adult-
hood [9, 11, 12, 32], and the majority of prior research 
has consistently shown increases in jumping perfor-
mance as players progress towards the senior category 
[11, 32]. However, cross-sectional studies indicated 
that vertical jumps (CMJ or SJ) did not differ between 
U17 and U20 elite players [9, 12, 33], suggesting slower 
improvements from U17 onward, or even a plateau. 
Similarly, CMJ and SJ were not different between U17 
and U20 herein. Although CMJ (29–31 cm) and SJ 
(29–30 cm) of our athletes were lower than those in age-
matched top-level ones (CMJ: 35–44 cm; SJ: 35–38 cm) 
[9, 11, 12, 32–34], the development pattern of these 
indicators during the late adolescence (16–20 years) 
may be similar regardless of the competitive level. The 
lack of differences among these categories (i.e., 16–20 
years) may be firstly related to a similar training stim-
ulus to develop the lower-limb power. Second, the in-
creased technical-tactical content during these age pe-
riods could minimize the increments in fat-free mass 
[12, 35], which has been identified as a predictor of 
CMJ performance in young players [11]. Third, there 
is a tendency to homogenize the groups in terms of 
anthropometry and physical characteristics, that is, 
prioritize recruiting early maturing players, who are 
stronger, more powerful, and faster than their team-
mates classified as delayed in biological maturation 
[36]. This last assumption must be viewed with cau-
tion, since no biological maturity indicator is available 

in our sample. Future studies may investigate whether 
the greater retention of early maturing players can miti-
gate age-related physical differences. Thus, all of these 
factors combined may partly explain the lack of differ-
ences between the U17 and U20 age groups in jump-
ing performance.

The PRO players also presented greater CMJ (  = 
14–20%) and SJ (  = 13–19%) than the U17 and U20. 
Although these differences are in line with prior studies 
among elite players [9, 27, 33], other authors have re-
ported similar vertical jumping performance in juniors 
(U20 and U17) and professionals (i.e., PRO) competing 
in the main world’s soccer leagues (e.g., Brazilian and 
Spanish) [12, 34]. These data could suggest the inef-
ficiency of the training methods in developing the ad-
equate strength and power levels due to the typically 
congested calendar in professional soccer. On the other 
hand, jumping at the same level as their older and more 
experienced teammates could indicate that promis-
ing U20 players may partially meet the professional 
game requirements. Importantly, smaller differences 
are expected as players get closer to the highest com-
petitive level [11].

Another aspect of practical relevance is the simi-
larities between CMJ and SJ heights verified in all 
categories. The CMJ:SJ ratio has been proposed as 
an indicator of eccentric utilization during CMJ [37]. 
The lower CMJ:SJ ratio herein (1.02–1.03) compared 
with other studies (1.09–1.14) [37, 38] indicates the in-
efficiency to utilize the stretch-shortening cycle. 
Strength and conditioning coaches should then search 
for effective power/strength training approaches (e.g., 
eccentric and plyometric training) to enhance the ec-
centric utilization during stretch-shortening cycle move-
ments, especially with players at lower competitive 
level [39].

The long-term training in team sports may lead to 
muscular sport-specific development from childhood 
to adulthood [13, 18]. A progression of strength capaci-
ties across categories (i.e., with more time of soccer 
practice) is then expected, as previously noticed [9, 40]. 
For instance, Kobal et al. [9] tested first division play-
ers and verified that the maximum dynamic strength 
(one-repetition maximum) in the squat exercise was 
considerably greater in PRO than in U17 and U20. In 
soccer, the actions performed during the games seem 
to have a greater effect on knee extension torque [13]. 
Herein, the isometric torque results for knee extension 
revealed the superiority of PRO over U17 and U20. 
More specifically, we demonstrated torque progressions 
(based on the means) of 11% from U17 to U20, and 
40% from U20 to PRO, despite a shorter lever arm in 
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PRO. As changes in knee extensors strength levels may 
be associated with changes in functional tests, such 
as vertical jump and sprinting performance [9, 38, 41], 
it is conceivable that the differences from U17 and U20 
to PRO may have induced lower vertical jump values. 
The knee flexor torque differed by 15% and 8% from 
U17 to U20 and from U20 to PRO, respectively. The 
hamstring muscles are important to decelerate and 
limit the forward motion of the leg after the kick, as 
well as to stabilize the knee joint [42], and their torque 
can differentiate players from different competitive 
levels (i.e., elite athletes present higher knee extensor 
torque than sub-elite and amateur ones) [42]. Although 
performance in soccer is not determined exclusively by 
measurable variables [42], strength capacities play 
an important role in physical, tactical, and technical 
tasks within the game and in injury prevention.

The variations in muscle torque between young 
and adult players can be attributed to differences in 
body size and composition, such as height, body mass, 
fat-free mass, and lower limb lean soft tissue [13, 17]. 
In this study, between-group differences were not de-
tected when the relative torque was compared, except 
for the knee extensor R-TOR, which was higher in PRO 
than in U-17. This indicates that the variations in mus-
cle torque among U-17, U-20, and PRO athletes are 
related to changes in body mass that occur during the 
growth or specialization process. Other factors, involv-
ing neural, biomechanical, and morphological compo-
nents, may also have contributed to the greater ability 
to produce foce of the older players: tendon stiffness, 
muscle size, pennation angle, fascicle length [16]. How-
ever, the influence of these other determining factors 
is outside the scope of this study.

The assessment of the muscle imbalances throught 
the H:Q torque ratio has been used [17] to mitigate the 
occurrences of noncontact muscle injuries during the 
season. Through this information, the technical and 
medical staffs can improve their decision-making 
process, verify the individuals’ muscle balance in ac-
cordance with the established references, and then 
individualize the training and treatment programs. 
The PRO isometric H:Q torque ratios (0.41 and 0.43) 
were similar to those found in an earlier study (0.45) 
with Danish elite soccer players [43], but comparatively 
lower than the 0.52 and 0.51 values reported by Greco 
et al. [44] and Thorlund et al. [5], respectively. Herein, 
PRO players exhibited lower values than the reference 
of 0.60, commonly used for H:Q torque ratio in isoki-
netic testing [17], which possibly implies a greater in-
jury risk [5]. For U17 and U20, the isometric H:Q torque 
ratios (0.54 and 0.60, respectively) were slightly above 

the aforementioned values [5, 43, 44], but lower than 
those observed in novice soccer players (0.92–0.75) [45]. 
We acknowledge, though, that normative values of iso-
metric H:Q torque ratio are lacking, and comparisons 
between studies should be performed with caution.

A distinct development pattern of the knee exten-
sion (linear) and flexion (curvilinear) torques through-
out the adolescence period has been suggested [13, 18, 
45], but its influences on H:Q torque ratio remains 
controversial. While Peek et al. [45] observed that the 
isometric H:Q torque ratio decreased from 0.91 to 0.60 
between 8- and 15 year-old players, Duarte et al. [40] 
and Kellis et al. [14] reported that the effect of age on 
the dynamic and isometric H:Q torque ratio was neg-
ligible in soccer players aged 10 and 18 years. Herein, 
the isometric H:Q torque ratio did not differ between 
the U17 and U20 categories. Combined with previous 
results [14, 40, 45], these data suggest that the isomet-
ric H:Q ratio can decrease up to the age of 15 years and 
then reach a plateau as a consequence of the smaller 
changes that occur in the knee extension and flexion 
torque in the late adolescence period [40]. However, 
compared with U17 and U20, PRO athletes presented 
lower values of H:Q torque ratio. Although non-signifi-
cant (R: p = 0.07; L: p = 0.08), the moderate ES values 
(ES: –0.71 to –0.75) may indicate differences of prac-
tical relevance. In agreement with a prior study [46], 
our results showed an inverse correlation between the 
isometric H:Q torque ratio and knee extensor torque 
in both legs (R: r = –0.70, p < 0.01; L: r = –0.73, p < 0.01), 
indicating the association between lower isometric H:Q 
torque ratio and greater isometric knee extensor torque 
in PRO. In contrast to our findings, Gür et al. [47] 
revealed a higher functional H:Q torque ratio (eccen-
tric H/concentric Q) in professionals than in 18-year-
old elite soccer players. Then, it is suggested that the 
decrease of the H:Q torque ratio in the sub-elite pro-
fessional players is related to their lower hamstring 
strength. In accordance with this assumption, Com-
meti et al. [42] showed that amateur players had weaker 
hamstrings compared with professional players. These 
results have important implications for performance 
and injury prevention as decreased hamstring strength 
is recognized as a modifiable intrinsic injury risk fac-
tor [48]. The above observations indicate that the effects 
of age on the dynamic or isometric H:Q torque ratio may 
be evident when comparing adults and adolescents, 
but not among players in the late adolescence period. 
Further studies are necessary to broaden the body of 
information on this topic.

This study assessed important physical and injury-
prevention indicators in different age-group categories 
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of sub-elite soccer players by applying low-cost and 
more accessible technologies. These evaluations allowed 
to identify age-related differences between PRO and 
junior players and may provide useful information for 
technical and medical staffs. The assessment of neu-
romuscular function by using a G-Sensor or load cell 
may be an important addition to the testing battery for 
soccer academies since it can establish baseline jump 
performance and muscle strength values, provide in-
formation about the player’s neuromuscular readiness 
state, detect strength asymmetries and low isometric 
H:Q torque ratio, and also monitor longitudinal chang-
es after injury.

The present study is not without limitations. Be-
cause of the cross-sectional design, the interpretation of 
our data is limited and generalization to other soccer 
samples of different competitive levels may not apply. 
Second, the normative values for isometric H:Q ratio 
have not been established yet and, therefore, the use of 
a conventional H:Q torque ratio of 0.60 based on isoki-
netic dynamometry should be interpreted with caution.

Conclusions

The PRO group presented higher vertical jumps and 
greater extensor and flexor torques than the younger 
U17 and U20 categories. These differences were smaller 
between PRO and U20. In addition, bigger differences 
for the torque results of quadriceps compared with 
hamstring muscles were observed among PRO than 
among younger players, which resulted in moderately 
lower isometric H:Q torque ratio values for PRO.
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