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Abstract
Purpose. The study aim was to review the isokinetic strength assessment protocols, the obtained peak torque (PT) values, 
and the hamstring/quadriceps ratio (H/Q); review the unilateral evaluation protocols and normative values for flexibility; 
and verify the existence of asymmetries between the limbs, muscle imbalances, or bilateral differences (BD) in the strength 
and flexibility of young soccer players.
Methods. The PRISMA model was used. Searches were conducted in PubMed, SciELO, and LILACS, divided into soccer, 
isokinetic, and flexibility. Inclusion criteria: articles with a sample of young elite male soccer players with an average age less 
than 20 years; isokinetic strength assessment: presentation of values for absolute PT and/or H/Q ratio; flexibility assessment: 
use of unilateral tests for the hip flexion movement. The quality and risk of bias in each study were also analysed.
Results. In the isokinetic strength, a symmetrical pattern was observed for PT and the H/Q ratio between the limbs and 
divergent results for BD. Regarding flexibility, it was possible to verify a tendency towards an asymmetry of flexibility, with 
a more flexible dominant than non-dominant leg. Evaluation protocols and normative values were proposed for the tests of 
isokinetic strength and flexibility.
Conclusions. Imbalances for the H/Q ratio, asymmetries, and BD for isokinetic strength and flexibility are not natural 
aspects of the modality and should be avoided in young soccer players. The monitoring of these characteristics and the use 
of interventions to restore a symmetrical pattern have become essential since the beginning of sports life.
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Introduction

Soccer is a complex sport that includes several physi-
cal valences, and among them, we can highlight the 
strength and flexibility. The International Federation 
of Association Football (FIFA, Fédération Internatio-
nale de Football Association) [1] states that the limb 
strength of soccer players is developed from specific 
activities of the modality, such as running, jumping, 
and kicking the ball, performed during the training 
and games period. Concerning flexibility, it is possi-
ble to verify that athletes who present a high degree 
of this valence consequently demonstrate a better pro-
ficiency in movements [2, 3].

It is worth mentioning that soccer players usually 
have a preferred leg to kick, defined as the dominant 
limb (DL), while the other serves as a support and is 
called the non-dominant limb (NDL). From this, it is 
possible to suggest that repeated actions, such as kick-
ing, produce constant uneven workloads, creating 
asymmetries between DL and NDL [4]. This fact in-
creases the chance of these athletes to develop injuries, 
especially when 2 or more asymmetric characteris-
tics join [5].

As a way of measuring strength, possible asymme-
tries between DL and NDL, and imbalances in the 
hamstring/quadriceps (H/Q) relation, an isokinetic 
assessment can be used. It allows to obtain the values 
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of the absolute peak torque (PT), bilateral differences 
(BD) (difference between the PT of the quadriceps of 
DL and that of NDL, exposed in the form of a ratio or 
percentage values), and the H/Q ratio [6]. On this 
theme, Costa Silva et al. [7] and de Lira et al. [8] did not 
find a significant number of young athletes who had 
BD, considering values greater than 15% as represent-
ing asymmetry. The results achieved by Śliwowski et al. 
[9] and Maly et al. [10] differ from those previously 
mentioned; however, the authors used the value of 10% 
as the cut-off point. Some other studies verified asym-
metry concerning PT, but did not examine it in rela-
tion to BD [11–13].

In the case of flexibility, it is necessary to measure 
this valence unilaterally to compare asymmetries be-
tween DL and NDL and possible BD. For this purpose, 
the importance of evaluating the hip flexion movement 
is highlighted, as it looks like the kicking movement 
and serves to assess the flexibility of the posterior chain 
of the lower limbs [3, 14]. Verifying this fact, Daneshjoo 
et al. [2] and Sanz et al. [15] observed that DL was 
significantly more flexible than NDL; in contrast, Ak-
bulut and Agopyan [3] and Ramos et al. [16] found no 
difference between the limbs.

In addition to the possible influence of asymmetries, 
imbalances in the H/Q ratio and BD, young soccer 
players are in an incomplete maturation and growth 
phase, which generates a higher probability of injury 
[17]. Another point worth mentioning is that one of 
the main risk factors for triggering injuries is recur-
rence [18]. Therefore, through the evaluation of these 
factors, it is possible to detect and intervene to com-
pensate for these disproportions at the beginning of 
the training life of these young players [9], acting in 
the injury prevention process.

From the above, one can observe that with reference 
to strength and flexibility in young soccer players, the 
literature still seems to be confused concerning pos-
sible differences of these characteristics in the limbs. 
Thus, a systematic review will allow to verify whether 
or not there are asymmetries of strength and flexibility 
in young soccer athletes, elucidating critical points on 
this issue. It is worth mentioning that no revisions were 
found addressing this group in this specific aspect until 
the moment. Given the differences between young 
athletes and professional soccer players, it becomes 
relevant to consider the results separately to generate 
particular guidelines.

Thus, the objectives of this study were: to review the 
isokinetic strength assessment protocols, the values ob-
tained for PT, and the H/Q ratio; review the unilateral 
evaluation protocols and normative values for flexi-

bility; and verify the existence or not of asymmetries 
between the limbs, muscle imbalances, or BD in the 
strength and flexibility of young soccer players. The 
study hypothesized that the constant workloads gen-
erated unequally because of the dominance of limbs 
would inf luence strength and f lexibility, creating 
asymmetries, imbalances, and BD.

Material and methods

Study design

The Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) [19] model was 
used for this systematic review. Studies that tried to 
verify asymmetry, imbalance in the H/Q ratio, BD iso-
kinetic strength and asymmetry, and BD level of uni-
lateral flexibility in young soccer players were evalu-
ated for possible inclusion in this systematic review.

Search strategies

Searches were carried out in the databases of 
PubMed, SciELO, and LILACS between September 
2018 and April 2020, for articles published since 1988. 
The Health Sciences Descriptors from the Virtual 
Health Library and the Medical Subject Headings 
(MeSH) were used, in addition to keywords related to 
the research theme, divided into 3 main points:

1. Soccer, football.
2. Isokinetic, muscle strength dynamometer, mus-

cle imbalance, muscle imbalances, strength asymme-
try, strength imbalance.

3. Flexibility, joint flexibility, range of motion, range 
of motion articular, passive range of motion, passive 
straight leg raise, joint range of motion.

Within each theme, the Boolean “OR” was used, and 
between the intersections of topics, the Boolean “AND” 
was applied. Theme 1 was crossed with theme 2, theme 1 
was crossed with theme 3, and theme 1 was crossed 
with themes 2 and 3. The strategies were adopted for 
all databases and adjusted to the advanced search 
characteristics of each one. Studies with the potential 
to be included in the systematic review were observed 
by examining the citations listed in the collected publi-
cations [19]. The search strategy is detailed in Figure 1.

Study inclusion and exclusion criteria

The following inclusion criteria were used: articles 
with a sample of young elite male soccer players with 
an average age below 20 years – so that it was possible 
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to analyse samples composed of young soccer athletes; 
articles in English; in the assessment of isokinetic 
strength: articles that evaluated the knee joint of both 
limbs, used speed in degrees per second and presented 
values for absolute PT and/or H/Q ratio; in the assess-
ment of flexibility: articles that used tests unilaterally 
for the hip flexion movement and that exposed the re-
sults of both limbs – for the evaluations, these criteria 
were chosen so that it was possible to analyse the asym-
metries and imbalances.

For exclusion, the following criteria were adopted: 
articles that did not separately present data related to 
soccer players; articles that in their sample comprised 
players in the process of rehabilitation; articles that did 
not divide limbs into DL and NDL.

Study quality assessment

Two reviewers independently assessed the quality 
and risk of bias concerning the results presented in each 
study. In any case of disagreement, a debate was held 
to reach a common final assessment. For this purpose, 
the Downs and Black [20] scale was used in an ad-
justed way, with the adaptation proposed by Figueiredo 
et al. [21]. Guiding questions were selected that in-
cluded the description, internal validity, external valid-
ity (bias), and sample power of the studies. The ques-
tions were answered ‘yes,’ ‘partially,’ ‘no,’ or ‘impossible 
to determine’. Only studies with a low risk of bias (score 
greater than or equal to 10) were included in the review.

Figure 1. Flow diagram of the different phases  
of the systematic review [19]
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Data extraction strategy

In all studies, data regarding sample age and/or cat-
egory of players were extracted. For studies that used 
isokinetic strength assessment, data were obtained 
concerning the test protocol, mean values and standard 
deviation of the absolute PT, the H/Q ratio, and, if veri-
fied, the asymmetries between the limbs and BD. For 
studies that assessed flexibility, the following data 
were extracted: instrument used, test protocol, the 
mean and standard deviation of the angle found for 
hip flexion movement, and, if verified, asymmetries 
between the limbs and BD. In the case of studies that 
performed some intervention for comparison concern-
ing the test of isokinetic strength or flexibility, only the 
data from the pre-intervention moment (control mo-
ment) were extracted. From studies that in their sam-
ple presented different groups, for example, a group of 
young soccer players and a senior group, only data re-
lated to groups of young soccer players were extracted.

Data synthesis and presentation

The mean and standard deviation of the measures 
related to the assessment of isokinetic strength (PT 
and H/Q ratio) and flexibility (angle shown), as well 
as values for asymmetries and BD were extracted to 
a spreadsheet in Microsoft ExcelTM (Microsoft Corpo-
ration, Santa Rosa, CA, USA). All data from the studies 

selected for the systematic review were extracted by 
the main author and reviewed by the second author.

Ethical approval
The conducted research is not related to either hu-

man or animal use.

Results

Study selection

The initial research identified 1470 studies in the 
selected databases, and 3 articles identified by other 
sources were added, totalling 1473 studies. With the 
removal of duplicates and articles excluded on the 
basis of their title and abstract, 255 articles were eli-
gible for full verification. Subsequently, papers that did 
not meet the inclusion criteria were excluded. There 
remained 18 studies that were assessed for quality 
and risk of bias and added to the qualitative synthesis. 
Among them, 14 reported isokinetic strength, 2 demon-
strated flexibility, and 2 investigated isokinetic strength 
and flexibility in young soccer players.

Study quality assessment

The results of the study quality assessment with 
the scale proposed by Downs and Black [20] adapted by 
Figueiredo et al. [21] are shown in Table 1. The version 

Table 1. Quality assessment results (Downs and Black scale [20] modified by Figueiredo et al. [21])

Author 1 2 3 4 5 6 7 10 11 12 13 18 19 20 26 27 Total

Akbulut and Agopyan [3] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 12
Chiamonti Bona et al. [26] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 12
Costa Silva et al. [7] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 1 13
Daneshjoo et al. [24] 1 1 1 1 2 1 1 1 0 0 1 1 1 1 0 0 13
Daneshjoo et al. [13] 1 1 1 1 2 1 1 1 0 0 1 1 1 1 0 0 13
Daneshjoo et al. [2] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 12
Eustace et al. [27] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 1 13
Forbes et al. [22] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 0 13
Gür et al. [11] 1 1 1 1 1 1 1 0 0 0 1 1 1 1 0 0 11
Harper et al. [28] 1 1 1 1 1 1 1 0 0 0 1 1 1 1 0 0 11
Lehance et al. [23] 1 1 1 1 1 1 1 0 0 0 1 1 1 1 0 0 11
Lehnert et al. [25] 1 1 1 1 1 1 1 0 0 0 1 1 1 1 0 0 11
De Lira et al. [8] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 12
Maly et al. [10] 1 1 1 1 1 1 1 0 0 0 1 1 1 1 0 0 11
Ramos et al. [16] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 12
Sanz et al. [15] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 12
Seabra et al. [12] 1 1 1 1 2 1 1 1 0 0 1 1 1 1 0 0 13
Śliwowski et al. [9] 1 1 1 1 2 1 1 1 0 0 1 1 1 1 0 0 13

For items 1–4, 6–7, and 10: 0 = no, 1 = yes; item 5: 0 = no, 1 = partially, 2 = yes; items 11–13, 18–20, 26: 0 = no/impossible 
to determine, 1 = yes; item 27: the score could range 0–5
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Table 2. Studies inserted in the qualitative analysis with the protocols used in the isokinetic test for muscular action,  
with evaluated speeds and repetitions (n = 16)

Author Actions Angular velocities Test

Gür et al. [11] Q and H Conc and Ecc 30°/s – 180°/s – 240°/s – 300°/s 4 RM
Forbes et al. [22] Q and H Conc + H Ecc 60°/s 5 RM
Lehance et al. [23] Q and H Conc (1) + H Ecc (2) 60°/s – 240°/s (1); 30°/s – 120°/s (2) –
Seabra et al. [12] Q and H Conc 90°/s 3 RM
Daneshjoo et al. [24]
Daneshjoo et al. [13]

Q and H Conc (1) + H Ecc (2) 60°/s – 180°/s – 300°/s (1); 120°/s (2) 3 RM

Daneshjoo et al. [2] Q and H Conc 60°/s – 180°/s - 300°/s 3 RM
Lehnert et al. [25] Q and H Conc and Ecc 60°/s 6 RM
Costa Silva et al. [7] Q and H Conc and Ecc 180°/s 5 RM
Śliwowski et al. [9] Q and H Conc 60°/s 3 RM
Maly et al. [10] Q and H Conc 60°/s – 120°/s – 180°/s – 240°/s – 300°/s 3 RM
Chiamonti Bona et al. [26] Q and H Conc 60°/s (1) – 300°/s (2) 5 RM (1)

20 RM (2)
De Lira et al. [8] Q and H Conc 60°/s 5 RM
Eustace et al. [27] Q Conc + H Ecc 60°/s – 180°/s – 270°/s 3 RM
Harper et al. [28] Q and H Conc and Ecc 60°/s – 180°/s 5 RM
Ramos et al. [16] Q and H Conc + H Ecc 60°/s – 180°/s 5 RM

Conc – concentric, Ecc – eccentric, H – hamstrings, Q – quadriceps, RM – repetition maximum

used employed 16 of the 27 items from the original 
text. Therefore, the lowest score assumed to consider 
the study as being of high quality was 10 [21]. Most 
studies (13 articles) were within the score range of 
12–13, and all studies obtained a high-quality score 
(  10).

Strength

Table 2 illustrates the main characteristics of the 
studies included (n = 16) in the qualitative analysis 
concerning the use and protocol of the isokinetic 
strength test in young soccer players. The protocols 
applied in the test were highlighted, with the consid-
eration of the verified muscular action, the evaluated 
speeds, and repetitions. All these characteristics suf-
fered divergences among the studies found. Among 
the analysed variables, the most used were the concen-
tric muscular actions of the quadriceps and hamstrings 
(n = 16, n = 15, respectively) [2, 7–13, 16, 22–28], the 
speeds of 60°/s (n = 13) [2, 8–10, 13, 16, 22–28] and 
180°/s (n = 9) [2, 7, 10, 11, 13, 16, 24, 27, 28]; in rela-
tion to the repetition maximum (RM) performed, we 
found a variation of 3–5 among the studies.

Table 3 presents all the studies included in the quali-
tative synthesis that reported isokinetic strength (n = 16) 
and their results concerning asymmetries and/or 
strength BD. Among the inserted studies that verified 
asymmetry concerning PT (n = 8), 6 articles did not 

reveal significant asymmetries between DL and NDL 
[2, 7, 10–13]. Of the articles that found asymmetry 
concerning the H/Q ratio between DL and NDL (n = 7), 
6 studies did not observe a significant result [2, 7, 8, 
10, 11, 24]. Only 9 studies analysed possible BD, and 
the results were divergent: 5 articles did not find sig-
nificant BD [7–9, 23, 26], while the other 4 articles re-
ported the presence of significant BD [2, 10, 16, 22]. 
In the BD, it was possible to verify other points of mis-
match, such as the value considered as the cut-off 
point, which varied between > 10% and > 15% (this, 
however, did not influence the studies that found or 
did not find a significant result), and the way it was 
calculated. Not all studies verified these characteris-
tics, and some did not make it clear whether they were 
evaluated and/or found.

Table 4 presents the values (mean ± standard devi-
ation) of the absolute PT (N ∙ m) depending on the age 
group, muscular action, limb, and evaluated speed. 
These data were extracted from 13 studies inserted 
in the qualitative synthesis [2, 7–9, 11–13, 16, 22, 
25–28]. A total of 590 individuals were evaluated, 
whose age ranged 11–20 years. The assessed actions 
were the concentric and/or eccentric quadriceps and/or 
hamstrings at different speeds (30°/s, 60°/s, 90°/s, 
120°/s, 180°/s, 240°/s, 270°/s, 300°/s). Combining the 
age variation with the differences in the actions and 
speeds used in the tests, one can observe an oscillation 
of the PT found in the studies.
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Table 3. Studies inserted in the qualitative synthesis on the isokinetic test in accordance with asymmetries and BD (n = 16)

Author PT asymmetries
H/Q ratio 

asymmetries*
BD Observations on BD

Gür et al. [11] No No Not verified –

Forbes  
et al. [22]

It is not clear It is not clear Yes. Sub-12 showed greater 
inequality between members  
(1.2 – suggesting a stronger DL  
for the concentric action of H)

Bilateral asymmetry =  
PT DL/PT NDL

Lehance  
et al. [23]

It is not clear It is not clear It was not significant. However,  
the players who presented showed  
a predominance in the eccentric 
bilateral asymmetry of H

Bilateral comparison: 
asymmetries in percentages.  
Cut-off point: over 15%

Seabra et al. [12] No – Not verified –

Daneshjoo et al. [24]
Daneshjoo et al. [13]

No No Not verified –

Daneshjoo et al. [2] No No Yes. In 97.2% of the sample, mainly  
in the concentric action of H

Strength deficit: difference  
between the strength of the 
muscles in the opposite extrem-
ities. Cut-off point: over 10%

Lehnert  
et al. [25]

It is not clear It is not clear Not verified –

Costa Silva  
et al. [7]

No No Not significant Bilateral asymmetry index =  
((PT DL – PT NDL) / (PT DL +  
PT NDL)) × 100. Cut-off point: 
over 15%

Śliwowski et al. [9] It is not clear It is not clear Not significant Bilateral differences: 
calculated with the Biodex 
System (using the PT value). 
Cut-off point: over 10%

Maly et al. [10] – No Yes. 60°/s: 51% of the players  
and 300°/s: 41% of the players 
presented an asymmetry for H;  
73.2% had at least 1 strength 
asymmetry between the limbs. 
Tendency for NDL to be more 
deficient, but it was not significant

Bilateral asymmetry =  
PT Q/PT Q; PT H/PT H.  
Cut-off point: over 10%

Chiamonti Bona  
et al. [26]

Yes. Sub-15 at 
60°/s for concentric 

action of Q, 
stronger NDL

– Not significant Cut-off point: over 10–15%

De Lira et al. [8] No No Not significant. 14% of the  
athletes presented for Q  
and 18% of the players for H

Bilateral strength deficit =  
((PT DL – PT NDL) / PT DL) × 
100. Cut-off point: over 15%

Eustace et al. [27] It is not clear It is not clear Not verified Another type of asymmetry 
found, which used the angle  
of movement

Harper et al. [28] It is not clear – Not verified –

Ramos et al. [16] Yes. DL signifi
cantly stronger at 

60°/s in the eccen
tric action of H

Yes. DL signifi
cantly more 

balanced

Yes. 57% of the players presented  
to H in the eccentric action

Cut-off point: over 15%

BD – bilateral differences, DL – dominant limb, H – hamstrings, NDL – non-dominant limb, PT – peak torque, Q – quadriceps
* asymmetry between DL and NDL for the H/Q ratio
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Table 5 shows the values concerning the H/Q ratio 
depending on the age range, limb, and type of ratio 
evaluated found in 12 studies [2, 7–11, 16, 22–25, 
27]. Forbes et al. [22] and Lehnert et al. [25] present-
ed the data in the form of variation and approximate 
values; in all other studies, it was possible to extract the 
mean ± standard deviation for the H/Q ratio. A total 
of 489 individuals were evaluated, whose age ranged 
11–20 years. The ratios found were (in the order of 
most to least used): conventional H/Q at 30°/s, 60°/s, 
120°/s, 180°/s, 240°/s, and 300°/s [2, 7–11, 16, 22–25]; 
functional H/Q at 30°/s, 60°/s, 120°/s, 180°/s, 240°/s, 
270°/s, and 300°/s [7, 11, 16, 22, 24, 25, 27]; func-
tional hamstrings 30°/s / quadriceps 240°/s [23]; ec-
centric H/Q at 30°/s, 180°/s, 240°/s, and 300°/s [11]; 
fast/slow, which consisted of the quadriceps concen-
tric action at 300°/s by the same action at 60°/s, and 
the same was performed for the hamstrings [24].

Flexibility

Table 6 illustrates the main characteristics of the 
studies included (n = 4) in the qualitative synthesis 
concerning the use, test protocol, and results of flex-
ibility unilateral assessment in young soccer players. 
A total of 1747 individuals aged 8–20 years were eval-
uated. The goniometry technique was mostly applied 
for evaluation [2, 3, 16]; however, the protocol to assess 
the method was divergent among all studies. Of the 3 
articles that found asymmetry, 2 reported DL signif-
icantly more flexible than NDL [2, 15]. Only Ramos 
et al. [16] observed BD and did not establish an ex-
pressive result.

Strength and flexibility

Only Daneshjoo et al. [2] and Ramos et al. [16] 
observed possible interactions between strength and 
flexibility. The results found by these authors can be 
checked in Tables 2–6 separately for strength and 
flexibility. Neither of these studies managed to es-
tablish a relationship between these characteristics, 
with divergent results.

Discussion

The present systematic literature review sought to 
characterize asymmetries of isokinetic strength and 
flexibility in young soccer players. The focus of our 
analysis was the use of the isokinetic test to assess 
muscle strength and to assess flexibility unilaterally, 
for a possible comparison between DL and NDL. The 
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Table 5. H/Q ratio presented in each study, depending on the age group, limb, and type of ratio evaluated (n = 12)

Author
Age 

(years)
n °/s

Conventional ratio Functional ratio Eccentric ratio Fast/slow ratio

DL NDL DL NDL DL NDL DL NDL

Gür  
et al. [11]

18.6 ± 0.8 12

30 0.57 ± 0.06 0.56 ± 0.08 0.62 ± 0.11 0.59 ± 0.14 0.52 ± 0.08 0.53 ± 0.10 – –
180 0.60 ± 0.09 0.61 ± 0.09 0.94 ± 0.18 0.97 ± 0.22 0.55 ± 0.09 0.58 ± 0.12 – –
240 0.58 ± 0.06 0.60 ± 0.06 1.13 ± 0.35 1.06 ± 0.20 0.58 ± 0.10 0.60 ± 0.15 – –
300 0.60 ± 0.06 0.62 ± 0.08 1.19 ± 0.26 1.14 ± 0.19 0.57 ± 0.09 0.59 ± 0.14 – –

Forbes  
et al. [22]

11.6 ± 0.3 24

60 0.50–0.62 1.10–0.85

– – – –
12.6 ± 0.3 25 – – – –
13.7 ± 0.3 27 – – – –
14.7 ± 0.3 21 – – – –
15.7 ± 0.3 26 – – – –
17.1 ± 0.6 29 – – – –

Lehance  
et al. [23]

15.7 ± 0.8 18
60 0.63 ± 0.07 0.61 ± 0.08 – – – – – –

240 0.74 ± 0.15 0.73 ± 0.13 – – – – – –
30:240 – – – 1.49 ± 0.31 – – – –

19.5 ± 1.6 20
60 0.60 ± 0.07 0.61 ± 0.08 – – – – – –

240 0.73 ± 0.12 0.75 ± 0.17 – – – – – –
30:240 – – 1.50 ± 0.29 1.48 ± 0.26 – – – –

Daneshjoo  
et al. [24]

18.9 ± 1.4 36

60
0.53 ± 0.8 0.50 ± 0.1 – – – – – –
0.48 ± 0.1 0.49 ± 0.2 – – – – – –
0.49 ± 0.1 0.51 ± 0.1 – – – – – –

120

– – 0.86 ± 0.5 0.82 ± 0.4 – – – –

– – 0.66 ± 0.2 0.72 ± 0.4 – – – –

– – 0.69 ± 0.2 0.70 ± 0.2 – – – –

180
0.54 ± 0.9 0.56 ± 0.1 – – – – – –
0.51 ± 0.1 0.61 ± 0.2 – – – – – –
0.47 ± 0.2 0.51 ± 0.1 – – – – – –

300
0.72 ± 0.2 0.75 ± 0.2 – – – – – –
0.83 ± 0.2 0.81 ± 0.2 – – – – – –
0.68 ± 0.3 0.67 ± 0.4 – – – – – –

300: 
60 Q

– – – – – – 0.45 ± 0.1 0.45 ± 2
– – – – – – 0.46 ± 0.1 0.48 ± 0.1
– – – – – – 0.48 ± 0.1 0.46 ± 0.1

300: 
60 H

– – – – – – 0.60 ± 0.2 0.68 ± 0.2
– – – – – – 0.79 ± 0.2 0.79 ± 0.2
– – – – – – 0.69 ± 0.3 0.58 ± 0.2

Daneshjoo  
et al. [2]

18.9 ± 1.4 36
60 0.50 ± 0.11 0.50 ± 0.14 – – – – – –

180 0.51 ± 0.13 0.56 ± 0.14 – – – – – –
300 0.74 ± 0.22 0.75 ± 0.26 – – – – – –

Lehnert  
et al. [25]

17.8 ± 0.3 11 60 ca. 0.60 0.60–0.70 – – – –

Costa Silva  
et al. [7]

18–20 22 180 0.68 ± 0.14 0.65 ± 0.10 0.86 ± 0.26 0.82 ± 0.17 – – – –

Śliwowski  
et al. [9]

17–18 24 60
0.60 ± 0.03 0.58 ± 0.03 – – – – – –
0.53 ± 0.07 0.51 ± 0.06 – – – – – –

Maly  
et al. [10]

15.7 ± 0.3 41

60 0.59 ± 0.08 0.56 ± 0.08 – – – – – –
120 0.62 ± 0.08 0.59 ± 0.09 – – – – – –
180 0.63 ± 0.09 0.60 ± 0.10 – – – – – –
240 0.63 ± 0.10 0.60 ± 0.11 – – – – – –
300 0.63 ± 0.12 0.60 ± 0.13 – – – – – –

De Lira  
et al. [8]

19.3 ± 4.8 70 60 0.53 ± 0.09 0.53 ± 0.07 – – – – – –

Eustace  
et al. [27]

17.0 ± 0.6 17
60 – – 0.73 ± 0.17 0.72 ± 0.17 – – – –

180 – – 0.98 ± 0.19 0.95 ± 0.16 – – – –
270 – – 1.19 ± 0.32 1.16 ± 0.21 – – – –

Ramos  
et al. [16]

15.97 ± 0.67 30
60 52.94 ± 11.38 55.19 ± 9.38 69.26 ± 12.34 61.13 ± 11.41 – – – –

180 65 ± 10.98 63.58 ± 12.62 79 ± 18.49 72.94 ± 17.11 – – – –

DL – dominant limb, H – hamstrings, NDL – non-dominant limb, Q – quadriceps
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initial hypothesis was partially rejected, as our main 
findings indicate a symmetrical pattern for PT and 
the H/Q ratio between limbs, divergent results for BD 
for strength, and a possible trend, which needs to be 
further investigated, to f lexibility asymmetry, with 
a more flexible DL than NDL.

Regarding the asymmetries of PT and the H/Q ratio 
among the athletes, of the articles that analysed them, 
the majority did not find any statistically significant 
differences [2, 7, 8, 10–13, 24]. However, in the papers 
that evaluated BD, the observed results were divergent. 
In this case, the very definition of BD and the way it was 
verified were also heterogeneous, which can influence 
the results. In this specific situation, we suggest the use 
of the cut-off point for values higher than 15%, on the 
basis of prospective studies in professional soccer play-
ers which revealed a higher injury risk in individuals 
who presented these BD [5, 29].

From the verified results, it seems reasonable to sug-
gest that even with a preference among the participants 
and the existence of dominance for strength, soccer 
training does not generate an asymmetric DL and NDL 
development in young players, a characteristic that can 
be corroborated in players who are at the beginning 
of their sports career [12] and have not yet been ex-
posed to so many training/game asymmetric loads. 

Another factor is the growth of new training cultures, 
such as the incentive to use both legs and the imple-
mentation of and greater adherence to strength train-
ing within the modality, especially in these initial years 
[7, 25]. Besides, our results are in line with those ob-
tained by DeLang et al. [30] through a meta-analysis; 
they also did not find strength asymmetries or im-
balances for the H/Q ratio between limbs in football 
players of different ages and levels.

It was possible to verify the assessment of isokinetic 
strength in young soccer players. A wide variety of pro-
tocols for the test makes it difficult to compare the 
data extracted from the studies. It becomes necessary 
to introduce standardization, or for the tests to be more 
homogeneous. In the analysed studies, the following 
were suggested as a test protocol: concerning the action 
– check the concentric action of quadriceps and ham-
strings and the eccentric action of hamstrings; con-
cerning speed – 60°/s and 180°/s; concerning RM – 
between 3 and 5 RM. Through the obtained data, we 
recommend the verification of the conventional and 
functional ratio, asymmetries concerning PT and the 
H/Q ratio between DL and NDL, imbalances of the 
H/Q ratio, and BD.

Taking into account the data previously suggested 
for the evaluation protocol, one can observe an increase 

Table 6. Studies inserted in the qualitative synthesis concerning flexibility, with evaluation protocol, result, asymmetry, 
and BD (n = 4)

Author Sample Evaluation protocol
Result (°)

Asymmetry BD
DL NDL

Daneshjoo 
et al. [2]

n = 36
(18.9 ± 1.4)

Without warming up; 3 measure
ments for each limb for hip flexion 
through goniometry; mean values 
were used

108.8 ± 10.7 104.6 ± 9.8 Yes. DL signifi
cantly more  

flexible  
than NDL

Not verified

Akbulut 
and 
Agopyan 
[3]

n = 24
(15.6 ± 0.4)

Without warming up; 2 measure
ments for each limb for hip flexion 
through goniometry; higher value 
was used

Gr 1 58.5 ± 9.1 59.7 ± 10.1 Not verified Not verified

Gr 2 60.0 ± 9.6 59.1 ± 8.4

Ramos  
et al. [16]

n = 30
(15.97 ± 0.67)

Warming up: 2 series of static 
stretching, maintaining the position 
for 10 seconds, in 4 different move
ments for the lower limbs; 3 attempts 
for each limb for hip flexion through 
goniometry; higher value was used

100.1 ± 8.82 100.4 ± 10.44 No No. Only 17% 
of athletes with 

BD > 10%

Sanz et al. 
[15]

n = 1657
(12.58 ± 2.65)

Without warming up; 2 measure
ments for each limb for hip flexion 
through the active leg elevation  
test that was filmed and analysed 
with the Kinovea software; higher 
value was used

U9 57.85 ± 8.03 56.43 ± 7.88 Yes. DL signifi
cantly more  

flexible  
than NDL  
for all ages

Not verified
U11 56.01 ± 8.40 54.49 ± 8.44
U13 54.05 ± 8.14 52.90 ± 8.33
U15 56.60 ± 8.75 55.25 ± 8.64
U18 57.82 ± 9.67 56.69 ± 9.78

BD – bilateral differences, DL – dominant limb, Gr – group, NDL – non-dominant limb
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in PT values with increasing age; also, higher values 
were found at 60°/s when compared with 180°/s [2, 
7–9, 11, 13, 16, 22, 25–28]. Regarding the values for 
the H/Q ratio, age and speed did not seem to influence 
the results. The values orbited around 0.60 for the 
conventional ratio at 60°/s and 180°/s [2, 7–11, 16, 
22–25] and near 0.90 for the functional ratio at 60°/s 
and 180°/s [7, 11, 16, 22, 25, 27]. The same results are 
assumed for adult soccer players, so age will not influ-
ence the expected response to the H/Q ratio [31].

It is important to monitor these characteristics be-
cause for asymmetries exceeding the norms, interven-
tions are necessary to restore a symmetrical pattern 
and, consequently, reduce the risk of injuries. It is worth 
highlighting the importance of strength training and 
its use within the sport. It is an effective intervention 
to improve performance (increase the jump, ability to 
change direction, strength; improve running; etc.) and 
the best method to prevent injuries. It constitutes part 
of the rehabilitation process [32, 33] and serves to re-
duce, in a targeted way, possible asymmetries, imbal-
ances, or BD of strength [9].

Regarding flexibility, there is a scarcity of studies 
that verified it unilaterally. Among the papers inserted 
that examined possible asymmetries, Daneshjoo et al. 
[2] and Sanz et al. [15] found DL significantly more 
flexible than NDL, which can be understood as a ten-
dency towards an asymmetry between the limbs. This 
can be corroborated by the fact that flexibility may not 
develop in the same way as strength, even though the 
other limb is used as a support when kicking. Besides, 
stretching exercises, traditionally used within the sport, 
may not be enough to improve this valence. In this case, 
specific protocols, such as the proprioceptive neuro-
muscular facilitation method, would be needed to in-
crease the range of motion of the lower limbs and, con-
sequently, kick speed [3].

To perform this monitoring, flexibility assessment 
through goniometry is suggested. Goniometry is a sim-
ple, fast, inexpensive, reliable, and valid technique for 
measuring the flexibility of the posterior chain of the 
lower limbs [34], for the movement of hip flexion. Re-
garding normative values, Witvrouw et al. [35], evalu-
ating adult players, found that athletes who presented 
a smaller angle of 90°, as a result, had a significantly 
higher risk of injuries. Owing to the lack of studies 
among young athletes, we suggest adopting this value 
as a reference. It is also necessary to monitor possible 
BD. Because of the scarcity of studies included in the 
qualitative synthesis, it is not possible to state that the 
asymmetry of flexibility is natural to the sports mo-
dality.

As for the interaction between strength and flexi-
bility, Ramos et al. [16] and Daneshjoo et al. [2] found 
no results that could establish a relationship between 
these characteristics. In the former article, a signifi-
cant difference was observed only for strength; in the 
latter study, DL was significantly more flexible than 
NDL and no significant difference in strength was re-
ported. These conflicting results can be explained by 
differences in the methodologies to verify these valences. 
However, Fousekis et al. [5], who assessed strength 
and flexibility in adult soccer players, suggested that 
an association of asymmetries in these attributes might 
enhance mechanisms generating muscle injuries. Ri-
beiro-Alvares et al. [36] highlight that low eccentric 
strength in the hamstrings will be one of the main risk 
factors for injury and that it may be associated with, for 
example, flexibility deficits, increasing the injury risk.

The main limitation of the analysis is the signifi-
cant divergence in the assessment protocols for strength 
and flexibility. It is also necessary to reflect on the 
forms of warming up that can be used, since these can 
influence the results [37]; therefore, a detailed descrip-
tion of how this part was performed becomes signifi-
cant. More specifically, for flexibility, there is still a dif-
ficulty in applying tests unilaterally. We would thus 
suggest new studies to be conducted with this char-
acteristic. The low number of papers included with 
this theme is also because only DL was tested, or the 
average for the 2 legs was used as a result. Therefore, 
the evaluation of both legs and the exposure of these 
results to the scientific community is also extremely 
important.

Another point that may influence the results is the 
lack of information on the young players’ training rou-
tine. It is suggested that future studies describe this 
in more detail, as well as indicate the playing positions 
of the sample evaluated, as they can also impact on the 
results [38]. A need for prospective studies highlighting 
mechanisms that might increase injury risk in young 
players was also verified.

As practical applications concerning isokinetic eval-
uation, we suggest using the proposed protocol and 
the reference values for the conventional and functional 
H/Q ratio at 60°/s and 180°/s, as well as for BD. For 
flexibility, we suggest increased use of goniometry to 
evaluate hip flexion movement and the application of 
reference values for angulation and BD. Moreover, it 
becomes essential to monitor these variables and their 
possible interactions throughout young soccer ath-
letes’ formation process. This will allow to evaluate and 
plan training strategies to prevent and reduce poten-
tial muscle imbalances.
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Conclusions

In young players, soccer does not generate asym-
metries of strength, and the H/Q ratio between limbs 
does not change the expected values for the H/Q ratio 
and does not significantly generate BD. For flexibility, 
it is easier to create asymmetries between limbs, with 
DL more flexible than NDL; however, more studies 
are needed to corroborate this statement. The moni-
toring of these characteristics and the use of inter-
ventions to prevent these asymmetries and/or imbal-
ances or to restore symmetrical patterns have become 
essential since the beginning of the individuals’ sports 
lives. Imbalances for the H/Q ratio, asymmetries, and 
BD for strength and flexibility are not natural aspects 
of the sport and should be avoided in young soccer 
players. These individuals are expected to remain with-
in the suggested standards. While emphasizing that 
flexibility may be easier to be asymmetrical, and be-
cause of that, it deserves greater attention within the 
training routine.

As recommended for further studies we enumerate 
using the suggested protocol for isokinetic strength 
evaluation, utilizing a goniometer to measure flexibility, 
making comparisons for asymmetries and imbalances 
in H/Q and BD (with the cut-offs/normative values 
suggested), and, in addition, trying to establish a re-
lationship between these characteristics and an in-
creased injury risk in young soccer players.
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