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Abstract

There is a lack of clarity on the isokinetic testing of professional female soccer players
(PFSPs) concerning the proper use of isokinetic testing, and the existing data, useful for
rehabilitation purposes, are confusing. This review aims to highlight the main methodolog-
ical issues and provide guidance for performing reliable isokinetic strength (IS) based on
evidence data. Following the PRISMA guidelines, we selected 18 out of 98 papers dealing
with healthy PFSPs surveying four databases. It emerged that there is a large difference
between subjects even in comparable test conditions (e.g., usage of the same isokinetic
device). The more reliable testing speed ranges from 60◦/s to 180◦/s. Employing lower or
higher velocities does not add information to test results. Interlimb differences in healthy
PFSP are confirmed to be approximately 10 percent. The H/Q ratio does not differ through
the different calculation methods, considering eccentric values or not, in any considered
menstrual cycle phase. It emerged that more methodological rigor is necessary in PFSP
isokinetic testing.
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1. Introduction
1.1. Background of the Review

In recent years, the representation of female athletes in scientific research has grad-
ually increased. Nevertheless, compared with the extensive body of literature on male
athletes, female athletes remain underrepresented in sports science research [1]. Only about
20 percent of football studies focused on women, and only about 15 percent on profes-
sional women players (in earlier years) in one earlier bibliometric review [1]. For instance,
women’s football has been severely neglected in the field of scientific research, especially
in biomechanical studies [2]. Most existing biomechanical research mainly focuses on the
male sports domain. The training guidance provided to female athletes is still based on data
obtained only from male players [3], and these training guidelines ignore the significant
differences in joint range of motion and flexibility [4], body composition [5], and muscle
strength [6] between genders.

Previous studies have shown that sex-related differences in neuromuscular control,
movement strategies, and fatigue responses may influence both athletic performance
and injury susceptibility in female soccer players [7]. Compared with males, female
athletes appear to rely more on hip and core stabilization strategies during dynamic
tasks, while also exhibiting different neuromuscular responses under fatigue conditions [8].
These neuromuscular characteristics may contribute to altered lower-limb biomechanics,
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including increased dynamic knee valgus and a potentially greater risk of anterior cruciate
ligament (ACL) injuries during high-intensity movements [9]. Strength is one of the
fundamental physical characteristics that affects all athletic performance, and there are
differences in strength levels and the indicators used for evaluating athletic performance
between male and female athletes. Previous studies have shown that female athletes
generally exhibit lower concentric peak torque values of the knee extensors and flexors
compared with males, particularly at angular velocities between 60◦/s and 180◦/s, with
reported normalized peak torque values commonly ranging between approximately 1.2 and
2.8 Nm/kg depending on muscle group and testing velocity [10]. Despite these sex-related
neuromuscular differences, training strategies in female soccer are still frequently adapted
from male-based protocols [3,11].

In addition, several studies reported lower H/Q ratios at low angular velocities in
female soccer players [12], which may reflect reduced hamstring contribution during knee
stabilization tasks and potentially increase susceptibility to ACL-related injury mechanisms
during high-intensity movements. Most existing studies have small sample sizes and are
limited to players from a single team, making it difficult to generalize the research results
to athletes of different competitive levels or backgrounds [13]. Additionally, some studies
only focus on static strength assessment and lack isokinetic or functional movement tests
that better reflect actual athletic performance [14].

To address the limitations in the evaluation of female athletes, objective assessment
tools are of vital importance. Isokinetic testing is widely used to evaluate neuromuscular
characteristics such as peak torque, inter-limb asymmetry, and hamstring-to-quadriceps
(H/Q) ratios in athletes [15]. The isokinetic test also plays a key role in diagnosing muscle
imbalance between the quadriceps and hamstrings, as well as between the two legs [16].

In female soccer players, the interpretation of these measurements may be influenced
by several sex-specific factors, including menstrual cycle phase, fatigue responses, and
individual biomechanical characteristics. Previous studies have suggested that hormonal
fluctuations across the menstrual cycle may affect muscle function, coordination, and
perceived fatigue, potentially contributing to variability in isokinetic outcomes [17]. When
assessing strength in women, in addition to the knowledge of menstrual cycle phase, it
is also important to know iron status [18]. Additionally, due to anatomical differences,
women are more prone to ACL injuries than men [19]. However, many studies did not
adequately control or report these variables, limiting the comparability of findings across
investigations [20]. In addition, differences in testing protocols, competitive level, and
participant characteristics may further influence the interpretation of isokinetic data in
female soccer populations.

In the relevant literature from the past decade (2015–2025), most studies did not
adequately consider variables specific to women, such as the menstrual cycle, hormone
levels, or physiological and psychological states [21]. Although some studies suggested that
these factors had a limited impact on isokinetic strength (IS), they could still affect muscle
status and the variability of the data. Even though some studies have taken into account the
effects brought about by different phases of the menstrual cycle, their assessment methods
usually lack biochemical verification of hormone levels and are merely based on calendar
calculations [22].

In addition, the ratio of hamstring muscles to quadriceps muscles (H:Q ratio) can not
only reflect the risk of injury but also predict functional performance. Among them, the
eccentric strength of the hamstring muscles plays a crucial role in movement control [23].
In recent years, some scholars have proposed that the H/Q ratio based on the rate of torque
development (RTD) should replace the traditional H/Q ratio as an indicator for evaluating
dynamic knee joint stability and movement performance. Previous studies suggested that
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RTD-based H/Q ratios may be associated with deceleration capacity and dynamic knee
stabilization during high-intensity movements [24], particularly during rapid braking tasks
requiring eccentric hamstring activation.

1.2. Purpose of the Review

This systematic review aims to analyze the methodological approaches used in isoki-
netic testing among high-level female soccer players and to summarize the principal
neuromuscular variables commonly assessed, including peak torque, inter-limb asymme-
try, and hamstring-to-quadriceps (H/Q) ratios. In addition, this review examines how
these variables have been associated with functional and performance-related outcomes
reported in the literature, such as change-of-direction ability, deceleration capacity, and
injury-related risk indicators. Finally, this review aims to identify methodological incon-
sistencies across studies and provide practical considerations for the standardization of
isokinetic assessment protocols in female soccer players.

2. Methods
This systematic review search was conducted in June 2025 and covered studies pub-

lished from June 2015 to June 2025. The search was carried out in four databases: PubMed,
Scopus, Web of Science, and Google Scholar. The search was independently conducted by
two authors, using the same search and exclusion strategies, and the data of the included
studies were extracted, synthesized, and compared. Given that one of the objectives of
this review is to reveal methodological issues in isokinetic tests of healthy female foot-
ball players, the quality of the studies was set as one of the inclusion criteria, and only
peer-reviewed academic journal articles were included.

The identification process of the research was accomplished through abstract retrieval,
using various keyword combinations, including: “female soccer players”, “IS”, “lower
limbs”, “flexor”, “extensor”, and “asymmetry”. Additionally, “woman” was used as
a synonym for “female”, and “football” and “soccer” were used interchangeably. The
search employed a combined search strategy and removed duplicate records using the
Zotero literature manager and it supplicate plugin. The databases were searched in order
from narrow to broad: Scopus → PubMed → Web of Science → Google Scholar. During the
screening stage, all titles and abstracts were carefully reviewed, and all relevant literature
was included for further analysis. Furthermore, the two independent reviewers screened
the references of the original research and reviewed articles to identify more studies that
met the criteria. The studies that meet the following criteria are included in this review:

1. The subjects had no history of knee disorders for at least 6 months before the test.
2. The studies that assess lower limb muscle strength need to use isokinetic dynamometers.
3. The results reports contain peak torque values, muscle asymmetry assessment or

comparison data between flexor and extensor muscles.
4. The studies were published between June 2015 and June 2025, and the full-text papers

are in English.

We limited the search to the last 10 years, because of the technological advancement in
isokinetic machines, which could hinder the reliability of previous studies.

The implementation of this review followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [25]. Exclusion criteria are as follows:

1. Research not written in English.
2. Research involving injured athletes.
3. Studies with mixed-gender samples but without separately reporting data for females.
4. Case reports, review articles, conference abstracts, or sources that have not undergone

peer review.
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The research screening is conducted in two stages: first, a preliminary screening is
carried out based on the titles and abstracts; second, a re-screening of the full texts is
performed according to the inclusion and exclusion criteria.

In terms of data extraction and quality assessment, this review adopted the research
quality assessment tool developed by the National Heart, Lung, and Blood Institute
(NHLBI) of the United States in 2013 to evaluate the internal validity of the studies included
in the systematic review [26]. A total of 18 studies were included, and they were classified
into two categories based on the research design:

1. Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies.
2. Quality Assessment Tool for Controlled Intervention Studies.

Each type of study was evaluated using the corresponding NHLBI checklist. To
enhance the operability of the quantitative comparison, this study adopted a 10-point
scoring method based on the randomized controlled trial (RCTs) scoring system and
assigned different weights according to the importance of each assessment item [27]. Finally,
only studies with high quality in the quality assessment were included in the analysis and
comparison. All data were extracted from the tables or text of the literature and summarized
and organized into five final data tables and two graphs. To calculate asymmetry, we used
a formula to compare the different studies:

Asymmetry (%) =
|PTD − PTND|

max(PTD, PTND)
× 100 (1)

In terms of bias risk, differences in the age, competitive level and background of the
participants in different studies may affect the results. Moreover, many studies did not
specify the menstrual cycle stage of female athletes, which constitutes a potential source of
bias. At the same time, the definition of “professional athletes” and “elite athletes” is often
not clear, which may affect the comparability between the study subjects and thus requires
further clarification in future research. The review was registered in the Prospero database
on 28 July 2025 with registration number CRD420251073152.

3. Results
The search strategy of this study was carried out in accordance with the PRISMA

methodology for systematic reviews [28]. A total of 98 articles were retrieved from four
databases initially, and 18 studies were finally included in the systematic review analysis.

A total of 18 studies met the inclusion criteria (Figure 1).
Overall, the risk of bias for ethnicity in these studies was low, as most of the studies

were conducted in Western countries on Caucasian subjects. Additionally, the participants
were mainly professional or elite female football players, whose training levels were
relatively consistent with their competitive performances, thus ensuring the comparability
among the studies.

The research types are divided into two categories. The majority are Observational
Cohort and Cross-Sectional Studies (n = 17), and there is one Controlled Intervention Study
(n = 1). The quality assessment of the research adopts a 10-point scoring system, improved
based on the NHLBI checklist [26] for randomized controlled trials (RCTs) [27]. Different
from the simple “yes/no” counting method, this study uses a weighted scoring method,
assigning different weights according to the importance of each indicator. The quality
assessment of the research is reported in Table 1.
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Figure 1. Search strategy.

Table 1. The quality assessment of the research.

Research Type Study n. Author Score

Observational
Cohort

1 [29] Gheller et al. 2025 8
2 [30] Jones et al. 2022 8
3 [31] López-ValenciaN et al. 2019 9
4 [32] Östenberg et al. 1998 8
5 [10] Yilmaz et al. 2023 10
6 [33] Freitas et al. 2024 8
7 [34] Soyal et al. 2023 8
8 [12] Andrade et al. 2012 9
9 [35] Brígido-Fernández et al. 2022 8

10 [36] Maly et al. 2015 8
11 [24] Zhang et al. 2021 8
12 [37] Jenner et al. 2024 10
13 [38] Rodrigues et al. 2023 8
14 [39] Jenkins et al. 2013 9
15 [23] Ogando et al. 2023 8
16 [40] Fallon Verbruggen et al. 2024 8
17 [41] Risberg et al. 2018 8

Cross-Sectional 18 [42] Delextrat et al. 2018 9
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The assessment results showed that most of the studies were rated as “Fair” (scores < 8,
n = 30), while 18 studies were rated as “Good” (scores = 8–10). To ensure the methodological
rigor of this systematic review, only the studies rated as “Good” were included in the final
analysis. A summary of the main characteristics of the studies is reported in Table 2.

Table 2. Studies included in the review and subjects’ characteristics (Starters: players who are on the
field at the beginning of the match).

Study n. Device Age (Years ± sd) N Level Country Height (cm) Weight (kg)

1 [29]
Biodex

Multi-Joint
System Pro 4

22.7 ± 3.5 16 Prof Brazilian 164.2 ± 8.7 60.4 ± 12.7

2 [30] Kin-Com 21.7 ± 4.3 19 Elite England 167 ± 7 60.5 ± 6.1

3 [31] Biodex System 4 20.1 ± 4.2 44 Prof Spanish 161.4 ± 5.2 57.2 ± 9.7

4 [32] Cybex II 20.3 ± 4.1 101 semi-prof Swedish 166.9 ± 4.9 61.3 ± 7.3

5 [10] Cybex Humac
Norm 23.35 ± 4.33 26 Prof Turkey 163.92 ± 3.39 57.23 ± 6.39

6 [33] Cybex Humac
Norm II 22.04 ± 4.37 22 Prof Brazilian 166 ± 5 62.24 ± 5.68

7 [34] Cybex NORM 23.43 ± 4.52 21 Prof Turkey 163.57 ± 3.59 57.10 ± 5.88

8 [12] Biodex 25.3 ± 7.2 17 Prof Brazilian 163 ± 5 59.8 ± 6.6

9 [35] IsoMed 2000 21.9 ± 4.19 68 Prof Spanish 163 ± 5 59.75 ± 6.19

10 [36] Cybex Humac
NORM 24.19 ± 3.66 17 National Czech 168.37 ± 6.76 62.13 ± 6.05

11 [24] Contrex
(CMV AG) 24.7 ± 4.2 14 National French 166.1 ± 5.9 63.1 ± 7.7

12 [37] Biodex System
3 Pro 21.2 ± 3.3 8 Prof Spanish 167 ± 4 59.90 ± 4.37

13 [38] Biodex System 4 23.06 ± 5.63 50 Prof Brazilian 163 ± 6 62.15 ± 10.14

14 [39] Biodex System 4
20.3 ± 1.6 (Starters)

20.1 ± 0.7
(Non-starters)

17 Elite American
170.1 ± 4.4
(Starters)

164.0 ± 2.8
(Non-starters)

64.8 ± 4.6
(Starters)
62.6 ± 3.0

(Non-starters)

15 [12] Biodex System 4 19–29 15 National Brazilian 171.33 ± 5.92 63.66 ± 5.88

16 [40] Cybex NORM
Elite: 24.14 ± 4.35

Sub-elite:
19.45 ± 0.95

30 Sub-elite
/Elite Czech 169.15 ± 6.48 62.64 ± 7.79

17 [41] Technogym
REV 9000 20.6 ± 4.2 200 Elite Norwegian 166.9 ± 5.7 63.7 ± 7.7

18 [42] Biodex System 2 S: 21.8 ± 4.0
SE: 23.7 ± 7.2 21 Collegiate England 166.2 ± 5.9

165.2 ± 6.9
59.9 ± 9.6
60.5 ± 7.3

Table 2 summarizes the main characteristics of the included studies. Regarding coun-
try distribution, five studies were conducted in Brazil [12,29,38], two in Turkey [10,34],
two in England [30,42], two in Spain [31,35], and two in the Czech Republic [36,40].
The United States [39], France [24], Norway [41], and Sweden [32] were each repre-
sented by one study. Concerning the isokinetic machines used, eight studies employed
Biodex [12,29,31,37–39,42], six used Cybex [10,32–34,36,40], and Kin-Com [30], IsoMed [35],
Technogym [41], and Contrex [24] were each used in one study only. Two studies involved
large cohorts, with 101 and 200 participants [32,41]. Across all studies, six player levels
were identified: College, Sub-elite, Elite, Semi-professional, Professional, and National level.
Across the included studies, six competitive levels were identified: collegiate, sub-elite,
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elite, semi-professional, professional, and national-level players. Participant characteristics
varied across studies, with mean age ranging from 19 to 24.7 years, mean height from 161.4
to 171.3 cm, and mean body mass from 57.2 to 63.7 kg (Table 2). A total of 18 studies met
the inclusion criteria and were included in the final review. Table 3 reports the results for
study objectives.

Table 3. Study objective.

Study n. Study Objective

1 Assess inter-limb asymmetries in physical and morphological metrics in
female soccer players.

2 Explore how eccentric knee strength influences cutting mechanics in
female players.

3 Examine neuromuscular predictors of unilateral dynamic balance and
sex differences in professional football players.

4 Assess the association between isokinetic knee extensor strength (60◦/s,
180◦/s) and functional performance in lower-limb tasks.

5 Compare sex differences in knee strength (angle-specific and peak
torque) and assess bilateral deficits and H/Q ratios across velocities.

6 Assess how concentric strength asymmetries (PTCON at 60◦/s) relate to
sprint and agility performance in female players.

7 Examine the link between lower limb IS and vertical jump metrics in
elite female players.

8 Assess the effects of sport modality, gender, and angular velocity on
H/Q ratio, with implications for injury risk and training.

9 Provide normative PT and MW values across velocities and compare
dominant vs. non-dominant leg strength.

10 Assess IS imbalances and their relevance to injury risk and performance.

11 Examine how PT, RTD, and H/Q ratios relate to sprint deceleration
performance in female soccer players.

12 Verify the consistency of knee strength assessments for training and
injury prevention in female team sport athletes.

13 Assess whether sex-related differences in muscle strength and BFLH
morphology explain lower HSI rates in female football players.

14 Assess whether concentric/eccentric strength and functional H:Q ratios
distinguish playing status in elite female soccer players.

15 Explore the relationship between H:Q ratio and match performance
metrics in elite and U-20 female soccer players.

16 Assess strength differences by performance level and explore how age
and training experience relate to strength in female footballers.

17 Provide normative quadriceps and hamstring strength data and compare
sport- and limb-based differences for rehab and injury prevention.

18 Evaluate the impact of hamstring endurance training on neuromuscular
fatigue and injury risk in female footballers.

Table 3 presents the main research objectives of the studies included. Among them,
three studies evaluated the asymmetry of muscle strength in both legs [29,33,41]; five stud-
ies measured IS through isokinetic tests to provide reference standard data for rehabilitation
and injury prevention [10,12,24,39]. Several studies investigated the associations between
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isokinetic variables and functional or biomechanical performance outcomes in female soccer
players, including dynamic balance, change-of-direction ability, vertical jump performance,
sprint deceleration, and movement control mechanisms. These outcomes are particularly
relevant because they reflect neuromuscular functions frequently involved in high-intensity
soccer actions. Across the included studies, peak torque, inter-limb asymmetry, and H/Q
ratios were the variables most commonly examined in relation to these functional tasks. In
addition, some studies explored the relationship between isokinetic outcomes and compet-
itive level, age, and anthropometric characteristics. Table 4 summarizes the peak torque
values normalized to body weight (Nm/kg) and asymmetry indices reported across the
included studies.

Table 4. Peak Torque (Nm/kg). Con: Concentric; Ecc: Eccentric; D: Dominant leg; ND: Non-Dominant
leg; Right: Right leg; Left: Left leg; SE: Strength-Endurance training; S: Strength training; Starters:
players who are on the field at the beginning of the match.

Study n. Velocity Mode Muscle
Group PT (Nm/kg) PT (Mean, Nm/kg) Asymmetry (%)

1 60◦/s
Con Extensor D: 2.89 ± 0.74|ND: 2.86 ± 0.63

2.20 ± 0.51
1.37

Con Flexor D: 1.56 ± 0.33|ND: 1.46 ± 0.30 6.79

Ecc Flexor D: 2.51 ± 0.58|ND: 2.33 ± 0.48 2.42 ± 0.53 7.44

2 60◦/s Ecc
Extensor 3.49 ± 0.53 (mean of the two legs)

/ /
Flexor 1.69 ± 0.30 (mean of the two legs)

3

30◦/s
60◦/s

180◦/s
240◦/s
300◦/s

Con
Flexor 60◦/s: 0.8 ± 0.2|180◦/s: 0.6 ± 0.2

240◦/s: 0.6 ± 0.2|300◦/s: 0.6 ± 0.2
60◦/s: 1.25 ± 0.3

180◦/s: 0.85 ± 0.3
240◦/s: 0.80 ± 0.25
300◦/s: 0.78 ± 0.25

/

Extensor 60◦/s: 1.7 ± 0.4|180◦/s: 1.1 ± 0.3–0.4
240◦/s: 1.0 ± 0.3|300◦/s: 0.9–1.0 ± 0.3

300◦/s: 10.0
(p < 0.05)

Ecc Flexor 30◦/s: 2.6 ± 0.6|60◦/s: 2.5–2.6 ± 0.6
180◦/s: 2.4 ± 0.6 30◦/s: 1.83 ± 0.45

60◦/s: 1.80 ± 0.45
180◦/s: 1.73 ± 0.45

30◦/s: 3.8
60◦/s: 3.8

Extensor
30◦/s: 1.0–1.1 ± 0.2–0.3|60◦/s:

1.0–1.1 ± 0.2–0.3
180◦/s: 1.0–1.1 ± 0.3

30◦/s, 60◦/s,
180◦/s: 9.1

4
60◦/s

Con Extensor
D: 1.49 ± 0.47|ND: 1.38 ± 0.45 D & ND: 1.44 ± 0.46 8.0

180◦/s D: 1.01 ± 0.31|ND: 0.94 ± 0.30 D & ND: 0.98 ± 0.31 6.0

5

60◦/s

Con

Extensor D: 2.33 ± 0.35|ND: 2.20 ± 0.45
1.78 ± 0.32

10.12 ± 7.89
(p < 0.05)

Flexor D: 1.28 ± 0.25|ND: 1.27 ± 0.23 11.65 ± 9.83
(p < 0.05)

180◦/s
Extensor D: 1.41 ± 0.25|ND: 1.37 ± 0.25 1.10 ± 0.20

10.50 ± 8.59
(p < 0.05)

Flexor ND: 0.81 ± 0.15 7.96 ± 7.02

6 60◦/s Con
Extensor D: 2.86 ± 0.49|ND: 2.61 ± 0.67

2.18 ± 0.50
8.62

Flexor D: 1.70 ± 0.37|ND: 1.54 ± 0.44 9.50

7

60◦/s

Con

Flexor Right: 2.29 ± 0.38|Left: 2.13 ± 0.43
1.60 ± 0.29

7.1

Extensor Right: 1.26 ± 0.24|Left: 1.24 ± 0.23 1.6

240◦/s
Flexor Right: 1.36 ± 0.21|Left: 1.33 ± 0.22

0.83 ± 0.18
2.5

Extensor Right: 0.86 ± 0.20|Left: 0.80 ± 0.16 7.4

8

60◦/s

Con

Flexor 1.52 ± 0.30 (mean of the two legs)
2.18 ± 0.38

/
Extensor 2.83 ± 0.45 (mean of the two legs)

300◦/s
Flexor 1.00 ± 0.15 (mean of the two legs)

1.20 ± 0.18
Extensor 1.39 ± 0.20 (mean of the two legs)
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Table 4. Cont.

Study n. Velocity Mode Muscle
Group PT (Nm/kg) PT (Mean, Nm/kg) Asymmetry (%)

9
60◦/s

180◦/s
240◦/s

Con

Flexor

60◦/s: D: 1.47 (1.29–1.59)|ND: 1.30
(1.22–1.44)

180◦/s: D: 1.09 (0.97–1.20)|ND: 1.01
(0.91–1.11)

240◦/s: D: 0.99 (0.89–1.09)|ND: 0.91
(0.81–1.02) 60◦/s: 1.99

180◦/s: 1.45
240◦/s: 1.26

60◦/s: 8.2
180◦/s: 6.6
240◦/s: 7.1

Extensor

60◦/s: D 2.66 (2.46–2.84)|ND 2.53
(2.37–2.72)

180◦/s: D: 1.88 (1.72–2.09)|ND: 1.82
(1.69–1.99)

240◦/s: D: 1.57 (1.43–1.76)|ND: 1.55
(1.39–1.64)

60◦/s: 5.0
180◦/s: 3.1
240◦/s: 3.6

10

60◦/s
120◦/s
180◦/s
240◦/s
300◦/s

Con

Extensor

60◦/s: D 2.77 ± 0.33|ND 2.77 ± 0.29
120◦/s: D 2.24 ± 0.28|ND 2.24 ± 0.22
180◦/s: D 1.80 ± 0.23|ND 1.81 ± 0.21
240◦/s: D 1.50 ± 0.18|ND 1.53 ± 0.21
300◦/s: D 1.31 ± 0.17|ND 1.37 ± 0.30

60◦/s: 2.19 ± 0.25
120◦/s: 1.84 ± 0.21
180◦/s: 1.51 ± 0.19
240◦/s: 1.29 ± 0.17
300◦/s: 1.12 ± 0.21

180◦/s: 0.6
240◦/s: 2.0
300◦/s: 4.4

Flexor

60◦/s: D 1.60 ± 0.22|ND 1.61 ± 0.15
120◦/s: D 1.41 ± 0.20|ND 1.44 ± 0.12
180◦/s: D 1.17 ± 0.19|ND 1.25 ± 0.14
240◦/s: D 1.03 ± 0.17|ND 1.07 ± 0.13
300◦/s: D 0.88 ± 0.19|ND 0.92 ± 0.17

60◦/s: 0.6
120◦/s: 2.1
180◦/s: 6.4

240: 3.7
300: 4.3

11

60◦/s

Con

Extensor D 2.05 ± 0.33|ND 2.06 ± 0.31
1.61 ± 0.29

0.4

Flexor D 1.14 ± 0.22|ND 1.17 ± 0.27 2.1

240◦/s
Extensor D 1.43 ± 0.32|ND 1.45 ± 0.34

1.16 ± 0.29
1.7

Flexor D 0.88 ± 0.25|ND 0.87 ± 0.25 0.6

30◦/s Ecc
Extensor D 2.55 ± 0.55|ND 2.59 ± 0.52

2.08 ± 0.37
1.7

Flexor D 1.55 ± 0.18|ND 1.60 ± 0.22 3.3

12

60◦/s

Con

Extensor 2.30 ± 0.39 (mean of the two legs)
1.77 ± 0.31

5.0

Flexor 1.23 ± 0.22 (mean of the two legs) 2.3

120◦/s
Extensor 1.90 ± 0.30 (mean of the two legs)

1.50 ± 0.25
2.5

Flexor 1.10 ± 0.20 (mean of the two legs) 3.0

13 60◦/s
Con

Extensor Left: 2.83 ± 0.20|Right: 2.84 ± 0.31
2.19 ± 0.26

0.45

Flexor Left: 1.51 ± 0.20|Right: 1.58 ± 0.32 4.3

Ecc Flexor Left: 2.39 ± 0.46|Right: 2.38 ± 0.28 2.39 ± 0.37 0.3

14

60◦/s Con
Extensor Starters: 2.38 ± 0.38|Non-starters:

2.28 ± 0.36
2.16 ± 0.23

/
Flexor Starters: 1.97 ± 0.10|Non-starters:

1.98 ± 0.06

240◦/s Ecc

Extensor Starters: 1.37 ± 0.19|Non-starters:
1.35 ± 0.21

1.69 ± 0.14
Flexor

240◦/s:
Starters: 2.15 ± 0.06|Non-starters:

1.87 ± 0.10

15 60◦/s Con

Flexor

Right:
Elite: 1.93 ± 0.26|U-20: 1.60 ± 0.22

Left:
Elite: 1.95 ± 0.24|U-20: 1.57 ± 0.17

2.48 ± 0.36

Elite: 1.1
U-20: 3.9

Extensor

Right:
Elite: 3.24 ± 0.48|U-20: 3.19 ± 0.62

Left:
Elite: 3.19 ± 0.43|U-20: 3.17 ± 0.22

Elite: 1.2
U-20: 0.9
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Table 4. Cont.

Study n. Velocity Mode Muscle
Group PT (Nm/kg) PT (Mean, Nm/kg) Asymmetry (%)

16
60◦/s

180◦/s
300◦/s

Con

Extensor

60◦/s:
Elite D: 2.45 ± 0.25|Sub-elite D: 2.48 ± 0.23

Elite ND: 0.53 ± 0.27|Sub-elite ND:
2.59 ± 0.27

180◦/s:
Elite D: 1.75 ± 0.15|Sub-elite D: 1.71 ± 0.19

Elite ND: 1.73 ± 0.17|Sub-elite ND:
1.78 ± 0.15

300◦/s:
Elite D: 1.37 ± 0.11|Sub-elite D: 1.31 ± 0.15

Elite ND: 1.37 ± 0.15|Sub-elite ND:
1.34 ± 0.10 60◦/s: 1.90 ± 0.23

180◦/s: 1.34 ± 0.17
300◦/s: 1.02 ± 0.14

Elite:
60◦/s:

3.6|180◦/s: 0.8
Sub-elite:

60◦/s:
3.6|180◦/s: 2.7

300◦/s: 2.1

Flexor

60◦/s:
Elite D: 1.37 ± 0.27|Sub-elite D: 1.24 ± 0.18

Elite N: 1.31 ± 0.25|Sub-elite ND:
1.21 ± 0.24

180◦/s:
Elite D: 1.04 ± 0.19|Sub-elite D: 0.88 ± 0.13

Elite ND: 0.98 ± 0.18|Sub-elite ND:
0.84 ± 0.16

300◦/s:
Elite D: 0.80 ± 0.12|Sub-elite D: 0.62 ± 0.11

Elite ND: 0.76 ± 0.15|Sub-elite ND:
0.59 ± 0.14

Elite:
60◦/s:

3.9|180◦/s: 5.5
300◦/s: 4.5
Sub-elite:

60◦/s:
2.0|180◦/s: 2.7

300◦/s: 4.1

17 60◦/s Con
Extensor D: 2.3 ± 0.3|ND: 2.3 ± 0.3

1.83 ± 0.25
1.2

Flexor D: 1.4 ± 0.2|ND: 1.3 ± 0.2 2.7

18 120◦/s

ECC Flexor S group mean: D 1.18|ND 1.13
SE group mean: D 1.31|ND 1.27 1.22 ± 0.08 S group: 4.2

SE group: 3.1

Con
Flexor S group mean: D 0.77|ND 0.74

SE group mean: D 0.86|ND 0.83 1.18 ± 0.26
S group: 3.9

SE group: 3.5

Extensor D: 1.47|ND: 1.42 (only one group) 3.4%

In Table 5, the results for the H/Q ratio at different velocities are summarized.

Table 5. H/Q: (hamstrings/quadriceps) ratio; CON: concentric mode; ECC: eccentric mode; Right:
Right leg; Left: Left leg; SE: Strength-Endurance training; S: Strength training; Functional H/Q:
Eccentric PT of hamstrings/Concentric PT of quadriceps. Results are reported as the mean between
the two legs.

Study
n.

Mode
Vel◦/s CON 60 CON

120 CON 180 CON 240 CON 300 ECC
30 ECC 60 ECC

180 Functional H/Q Ratio

1 0.54 0.87
3 0.47 0.55 0.60 0.67 2.36 2.27 2.18
5 0.55–0.59 0.62
6 0.59

7 Right: 0.55
Left: 0.59

Right:0.63
Left: 0.61

8 0.54 0.72
9 0.54 0.57 0.62

10 0.59 0.65 0.67–0.70 0.70–0.71 0.68–0.71
11 0.56 0.60–0.61 Ecc30/Con60: 0.75

Ecc30/Con240: 0.76–1.13
12 0.54 0.60
13 0.54–0.56 Ecc60/Con60: 0.84–0.85
14 Ecc60/Con60: 0.84–0.89

Ecc240/Con240:1.42–1.58
15 Elite: 0.60

U-20: 0.52

16
Elite:

0.56/0.52
Sub-elite:
0.50/0.47

Elite:
0.60/0.56
Sub-elite:
0.52/0.48

Elite:
0.59/0.56
Sub-elite:
0.48/0.44

17 0.59–0.60

18
Hecc 120/Qcon 120:

0.81–0.94 (S)
0.82–0.91 (SE)

Mean 0.55 ± 0.04 0.63 0.58 ± 0.06 0.64 ± 0.04 0.59 ± 0.10 2.36 1.57 ± 0.70 2.18
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In Table 6, the dominant/nom-dominant ratios are reported.

Table 6. Dominant/non-dominant leg differences. EXT: extension; FLEX: flexion; CON: concentric;
ECC: eccentric. Results are reported as %.

Study
n.

Mode
Vel.◦/s

EXT CON
60

EXT CON
180

EXT CON
240

FLEX CON
60

FLEX
CON 180

FLEX
CON 240

EXT ECC
60

FLEX ECC
60

1 11.9 9.2 11.1
2 3.49 1.69
5 10.1 10.5 11.7 8.0
6 5.74 11.20
7 8.90 9.67 11.57 7.90

15 1.6
Mean 7.65 ± 3.83 10.5 9.67 10.92 ± 1.09 8.0 7.90 3.49 6.40 ± 4.71

Figure 2 shows the strength velocity curve for concentric contraction. The graph for
eccentricity was not reported because few papers used the same velocities.
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Figure 2. Mean and standard deviation of the strength/velocity curve.

Figure 2 displays the strength–velocity curve for concentric contractions, show-
ing a progressive decline in strength from 60◦/s to 300◦/s. Notably, no difference
was observed between 180◦/s and 240◦/s, suggesting that testing both speeds may be
redundant—only one may suffice. Seven studies performed eccentric strength assess-
ments [24,29,31,38,39,42,43]. However, the eccentric protocols showed substantial method-
ological variability across studies, particularly regarding testing velocities and contraction
modes. Some angular velocities, such as 30◦/s, were reported in only one study, preventing
reliable comparisons or the construction of generalized eccentric strength–velocity trends.
Despite these limitations, eccentric isokinetic assessments remain clinically and functionally
relevant because they may help identify strength deficits, inter-limb asymmetries, and ham-
string weakness associated with neuromuscular impairment and potential injury-related
risk factors [44]. In particular, H/Q ratios and eccentric hamstring strength have frequently
been investigated as indicators of knee joint stability and muscular imbalance in female
soccer players.

Figure 3 shows the dominant vs. non-dominant limb differences across velocities.
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Figure 3. Dominant/non-dominant mean value in %.

It can be observed that in all the studies, the values of the flexor muscles were more
uniform than those of the extensor muscles. This indicates that we can infer that the
training had a more significant effect on the quadriceps femoris muscles, resulting in larger
differences among different subjects; while the hamstring muscles, due to relatively less
training stimulation, showed relatively consistent values among different individuals [45].
Differences were observed between 60◦/s and 180◦/s, while no significant differences
were found between 180◦/s and 240◦/s, further supporting the limited value of testing
both speeds. Figure 3 also illustrates the D/ND ratio across different velocities, revealing
a consistent decline from 60◦/s to 180◦/s for both extension and flexion.

The studies included in this review suggest that isokinetic variables may be associated
with several functional and neuromuscular characteristics relevant to female soccer perfor-
mance. Moderate associations were reported between knee flexor/extensor strength and
vertical jump performance, whereas eccentric knee extensor strength appeared to be related
to deceleration and change-of-direction capacity during high-intensity actions [24,34]. How-
ever, the relationship between isokinetic variables and functional performance outcomes
was not consistent across all studies. For example, although inter-limb asymmetries were
identified in jumping and isokinetic assessments [29], other investigations reported no
significant association between lower-limb asymmetry and sprint or directional perfor-
mance [33]. These findings indicate that the relationship between isokinetic outcomes and
soccer performance is likely task-specific and influenced by multiple biomechanical and
neuromuscular factors.

Several studies also highlighted the relevance of hamstring strength and H/Q ratios
in relation to injury-related risk indicators. Female soccer players frequently demonstrated
lower hamstring strength relative to quadriceps strength, particularly at lower angular
velocities, as well as greater asymmetry during high-speed contractions [12,35,36]. These
findings may support the implementation of individualized strength-training strategies,
especially eccentric hamstring interventions and bilateral neuromuscular training programs.
In addition, short-term strength-endurance interventions appeared to attenuate post-match
reductions in hamstring strength [42], suggesting a possible role for fatigue-management
strategies in female soccer conditioning programs.

Isokinetic assessments were also commonly used for rehabilitation follow-up and
performance monitoring because of their relatively high reliability in lower-limb strength
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evaluation [37]. Some studies reported that elite or starting players demonstrated greater
eccentric hamstring strength at high angular velocities compared with lower-level or
substitute players [39], potentially reflecting neuromuscular adaptations associated with
competitive demands. Nevertheless, the ecological validity of isokinetic testing in relation
to actual soccer performance remains limited, and these assessments should be interpreted
as complementary tools within a broader multidimensional evaluation framework.

4. Discussion
This study targeted professional female soccer players, aiming to explore the main

application areas of isokinetic testing in this population, to assess potential methodological
biases, and to provide standardized benchmark data of reference value for clinical practice
and training. Strength is a fundamental physical characteristic in sports, and isokinetic
testing is recognized as the gold standard for assessing muscle strength. Muscle strength
is closely related to various athletic performances, such as changing direction, shooting,
jumping, and so on [46]. The widespread use of isokinetic force measurement equipment
enables researchers to systematically analyze the mechanism of the relationship between
strength and athletic performance. However, especially in the female athlete population,
this association has not been fully studied and understood, and the dynamic laws of
strength development remain unclear [47].

4.1. Female-Specific Methodological Considerations

Only a limited number of studies included in this review adequately monitored or
reported menstrual cycle phase during isokinetic assessments. Although the influence
of hormonal fluctuations on muscle performance in female athletes remains inconsistent
across the literature, the menstrual cycle phase may contribute to variability in neuromus-
cular and strength-related outcomes [48]. Most studies relied on self-reported calendar
tracking rather than biochemical verification of hormonal status, which may reduce the
reliability and comparability of findings. Therefore, future studies should consider stan-
dardized menstrual cycle monitoring procedures when evaluating isokinetic variables
in female soccer players [18,49]. More broadly, the current literature remains limited by
methodological heterogeneity, including differences in testing velocities, contraction modes,
familiarization procedures, and participant competitive levels. These inconsistencies re-
duce inter-study comparability and highlight the need for more standardized isokinetic
assessment protocols in female soccer research.

4.2. Peak Torque and Between-Study Variability

Peak torque (PT) values normalized to body weight demonstrated substantial vari-
ability across the included studies, even under comparable testing conditions and using
similar dynamometers. In general, PT values declined progressively as angular velocity in-
creased, which is consistent with the expected force–velocity relationship observed during
concentric muscle contractions. However, marked inter-study variability was identified,
particularly at lower angular velocities such as 60◦/s. These differences may reflect method-
ological heterogeneity related to participant competitive level, familiarization procedures,
testing protocols, or training background rather than device-related factors alone.

From a functional perspective, lower-limb strength characteristics assessed through
isokinetic testing may be associated with several soccer-specific neuromuscular tasks,
including jumping, sprint acceleration/deceleration, and change-of-direction performance.
Previous studies reported moderate associations between knee extensor/flexor strength
and vertical jump capacity, whereas eccentric strength variables appeared to be more closely
related to deceleration and directional control during high-intensity movements [24,34].
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Therefore, PT assessments may provide useful information regarding neuromuscular
performance profiles in female soccer players, although these relationships remain task-
specific and influenced by multiple biomechanical factors [50].

Regarding inter-limb asymmetry [51], most studies reported asymmetry indices be-
low 10%, which is generally considered within the normal competitive fluctuation range.
Nevertheless, a small number of studies identified asymmetry values exceeding 10–15% at
specific angular velocities, particularly during high-speed concentric contractions of the
knee extensors and flexors. These findings may indicate the presence of neuromuscular
imbalance and support the use of bilateral strength assessments within injury-prevention
and rehabilitation monitoring programs.

4.3. H/Q Ratios and Velocity-Related Neuromuscular Characteristics

H/Q ratios demonstrated considerable variability across studies and testing protocols.
In concentric assessments, reported H/Q values ranged from approximately 0.47 at 60◦/s
to 0.72 at 300◦/s [12,40] H/Q ratios demonstrated considerable variability across studies
and testing protocols. In concentric assessments, reported H/Q values ranged from ap-
proximately 0.47 at 60◦/s to 0.72 at 300◦/s [24,38,39,42]. However, comparisons between
studies remain difficult because of substantial methodological heterogeneity in contraction
modes and angular velocities used for calculations.

From a functional perspective, H/Q ratios are frequently interpreted as indicators of
knee joint stabilization capacity and neuromuscular balance during high-intensity soccer
actions, particularly sprinting, deceleration, landing, and change-of-direction movements.
Eccentric hamstring function may be especially relevant during braking and directional
tasks, where rapid control of anterior tibial translation is required. Nevertheless, the
relationship between H/Q ratios and actual performance outcomes remains inconsistent
across the literature and appears to be influenced by task specificity, testing velocity, and
athlete characteristics.

Some studies also suggested sex-related differences in velocity-dependent H/Q adap-
tations. In female athletes, H/Q ratios appeared to remain relatively stable across increasing
angular velocities, whereas male athletes tended to demonstrate greater increases at higher
testing speeds [52]. These findings may reflect differences in neuromuscular activation
strategies and movement mechanics between sexes. However, current evidence remains
insufficient to support clear superiority of functional versus conventional H/Q calculations
in female soccer populations.

4.4. Inter-Limb Asymmetry and Injury-Relevant Thresholds

Table 5 presents comparisons between dominant and non-dominant limbs. At 60◦/s,
the difference in extension strength ranged from 5.74 percent [33] to 11.9 percent [29], and in
flexion strength from 9.2 percent [29] to 11.57 percent [34]. The ratio of the strength between
the dominant leg and the non-dominant leg (Table 6) showed high consistency across differ-
ent angular velocities under concentric contraction conditions. The differences in extensor
muscles were all within 10 percent, while the differences in flexor muscles were slightly
higher. This result is consistent with previous research conclusions [53]. Under eccentric
contraction mode, the difference in extensor muscles was approximately 3.49 percent, while
the difference in flexor muscles ranged from 6.40 percent to 11 percent. Higher ratios of
dominant/non-dominant leg were observed during eccentric flexion movements, which
can be explained as follows: Eccentric contraction can stimulate high-intensity muscle
strength, thereby revealing potential strength imbalances in the hamstring muscles.

Although several studies identified inter-limb asymmetries in female soccer players,
the relationship between asymmetry indices and functional performance outcomes remains
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inconsistent across the literature. Some investigations reported no significant association
between isokinetic asymmetry and sprint or jumping performance [33], whereas eccentric
strength variables appeared to be more closely associated with change-of-direction and
cutting-related tasks [24]. These findings suggest that the functional impact of asymmetry
may depend on the specific neuromuscular demands of the task being evaluated.

In addition, eccentric hamstring asymmetries were more frequently observed dur-
ing high-intensity contractions, potentially reflecting neuromuscular imbalances that may
not be detectable during lower-speed concentric assessments. Previous studies also sug-
gested that dynamic balance performance may be associated with lower-limb strength
characteristics, particularly hip and hamstring function, although current evidence remains
limited and task-specific [31]. Therefore, bilateral isokinetic assessment may provide useful
complementary information for neuromuscular profiling and individualized training or
rehabilitation monitoring in female soccer players.

5. Conclusions
This review summarizes the latest research literature on the IS of female football

players with medium to highly competitive levels. A limitation of our review can reside in
the limited availability of eccentric data, the different population, and the lack of regular
Asian subjects. Another limitation is that we only considered Western literature, thus
excluding Asian soccer players. The research results show that the number of studies
specifically analyzing this group is limited of high quality, and there are very few studies
considering large sample sizes. Studies involving the assessment of eccentric strength
are even scarcer, and the data from eccentric tests are both scattered and lack consistency.
Moreover, this review found that the results of isokinetic tests conducted at 180◦/s and
240◦/s do not show significant differences. Therefore, conducting tests at both speeds
may not be necessary. The current results of eccentric tests, due to insufficient samples
and inconsistent data, are not yet sufficient to establish reliable standardized reference
values. The results of this study can provide valuable references for reference standards in
rehabilitation and training.

Author Contributions: Conceptualization, A.C. and Z.L.; methodology, A.C. and Z.L.; formal
analysis, Z.L.; investigation, Z.L.; writing—original draft preparation, Z.L.; writing—review and
editing, A.C. and Z.L.; supervision, A.C. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

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

References
1. Ventaja-Cruz, J.; Cuevas Rincón, J.M.; Tejada-Medina, V.; Martín-Moya, R. A Bibliometric Study on the Evolution of Women’s

Football and Determinants Behind Its Growth over the Last 30 Years. Sports 2024, 12, 333. [CrossRef] [PubMed]
2. Okholm Kryger, K.; Wang, A.; Mehta, R.; Impellizzeri, F.M.; Massey, A.; McCall, A. Research on women’s football: A scoping

review. Sci. Med. Footb. 2022, 6, 549–558. [CrossRef]
3. Sakamoto, K.; Asai, T. Comparison of Kicking Motion Characteristics at Ball Impact between Female and Male Soccer Players. Int.

J. Sports Sci. Coach. 2013, 8, 63–76. [CrossRef]

https://doi.org/10.3390/encyclopedia6060114

https://doi.org/10.3390/sports12120333
https://www.ncbi.nlm.nih.gov/pubmed/39728873
https://doi.org/10.1080/24733938.2020.1868560
https://doi.org/10.1260/1747-9541.8.1.63
https://doi.org/10.3390/encyclopedia6060114


Encyclopedia 2026, 6, 114 16 of 18

4. Allison, K.F.; Keenan, K.A.; Sell, T.C.; Abt, J.P.; Nagai, T.; Deluzio, J.; McGrail, M.; Lephart, S.M. Musculoskeletal, biomechanical,
and physiological gender differences in the US military. US Army Med. Dep. J. 2015, 22–32.

5. Mascherini, G.; Castizo-Olier, J.; Irurtia, A.; Petri, C.; Galanti, G. Differences between the sexes in athletes’ body composition and
lower limb bioimpedance values. Muscle Ligaments Tendons J. 2019, 7, 573. [CrossRef]

6. Miller, A.E.; MacDougall, J.D.; Tarnopolsky, M.A.; Sale, D.G. Gender differences in strength and muscle fiber characteristics. Eur.
J. Appl. Physiol. Occup. Physiol. 1993, 66, 254–262. [CrossRef] [PubMed]

7. The Eternally Wounded Athlete: How Medical Professionals and Sports Injury Researchers Have Limited Female Athletes’
Sport Participation and Biased the Interpretation of Sports Injury Research|Current Epidemiology Reports. Available online:
https://link.springer.com/article/10.1007/s40471-020-00255-0 (accessed on 30 October 2025).

8. López-Valenciano, A.; Ayala, F.; De Ste Croix, M.; Barbado, D.; Vera-Garcia, F.J. Different neuromuscular parameters influence
dynamic balance in male and female football players. Knee Surg. Sports Traumatol. Arthrosc. 2019, 27, 962–970. [CrossRef]

9. Hodel, S.; Imhoff, F.B.; Strutzenberger, G.; Fitze, D.; Obrist, S.; Vlachopoulos, L.; Scherr, J.; Fucentese, S.F.; Fröhlich, S.; Spörri, J.
Greater hip internal rotation range of motion is associated with increased dynamic knee valgus during jump landing, both before
and after fatigue. Knee Surg. Sports Traumatol. Arthrosc. 2025, 33, 1560–1568. [CrossRef]

10. Yilmaz, E.; Aydin, T.; Kiliç, S.; Toluk, Ö. Bilateral knee joint isokinetic muscle strength and angle specific balance ratio in soccer
players. Dtsch. Z. Sportmed. 2023, 74, 234–241.

11. Cicchella, A.; Zhang, C. Recommendations for the Isokinetic Test of Female’s Soccer Players Knee: A Systematic Review. Med.
Pharmacol. 2024. [CrossRef]

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

13. Mariano, I.G.; Alves, L.E.M.; Rodrigues, E.L.; Azevedo, B.R.; Castro, A.L.O.; Mendonça, L.D. Analysis of musculoskeletal injuries
in elite female soccer players: Cohort study in one Brazilian team. Phys. Ther. Sport 2025, 73, 25–33. [CrossRef] [PubMed]

14. Rusu, L.; Ungureanu Dobre, A.; Chivaran, A.G.; Marin, M.I. Relation between Muscle Force of Knee Extensors and Flexor Muscles
and Sleep Quality of Women Soccer Players: A Pilot Study. Appl. Sci. 2023, 13, 2289. [CrossRef]

15. Wilk, K.E.; Arrigo, C.A.; Davies, G.J. Isokinetic Testing: Why it is More Important Today than Ever. Int. J. Sports Phys. Ther. 2024,
19, 374–380. [CrossRef] [PubMed]

16. Cvjetkovic, D.; Bijeljac, S.; Palija, S.; Talic, G.; Radulovic, T.; Kosanovic, M.; Manojlovic, S. Isokinetic Testing in Evaluation
Rehabilitation Outcome After ACL Reconstruction. Med. Arch. 2015, 69, 21. [CrossRef]

17. Quigley, T.; Greig, M. The influence of menstrual cycle phase on isokinetic knee flexor and extensor strength in female soccer
players: A pilot study. Res. Sports Med. 2025, 33, 87–96. [CrossRef]

18. Pengelly, M.; Pumpa, K.; Pyne, D.B.; Etxebarria, N. Iron deficiency, supplementation, and sports performance in female athletes:
A systematic review. J. Sport Health Sci. 2024, 14, 101009. [CrossRef]

19. Zech, A.; Hollander, K.; Junge, A.; Steib, S.; Groll, A.; Heiner, J.; Nowak, F.; Pfeiffer, D.; Rahlf, A.L. Sex differences in injury rates
in team-sport athletes: A systematic review and meta-regression analysis. J. Sport Health Sci. 2022, 11, 104–114. [CrossRef]

20. Harvey, W.F.; Niu, J.; Zhang, Y.; McCree, P.I.; Felson, D.T.; Nevitt, M.; Xu, L.; Aliabadi, P.; Hunter, D.J. Knee alignment differences
between Chinese and Caucasian subjects without osteoarthritis. Ann. Rheum. Dis. 2008, 67, 1524–1528. [CrossRef]

21. Eustace, S.J.; Morris, R.; Tallis, J.; Page, R.M.; Greig, M. The influence of angle-specific torque of the knee flexors and extensors on
the angle-specific dynamic control ratio in professional female soccer players. J. Sports Sci. 2022, 40, 1235–1242. [CrossRef]

22. Belamjahad, A.; Tourny, C.; Hackney, A.C.; Jebabli, N.; Chariba, N.; Laziri, F.; Saeidi, A.; Laher, I.; Granacher, U.; Zouhal, H.
Preseason neuromuscular versus endurance training leads to greater improvements in isokinetic strength, muscle damage,
and inflammation parameters in highly trained female soccer players. BMC Sports Sci. Med. Rehabil. 2025, 17, 107. [CrossRef]
[PubMed]

23. Ogando, P.H.M.; Moura, I.G.d.; Ramos, G.P.; Wilke, C.F.; Coimbra, C.C.; Soares, D.D. Isokinetic Peak Torque Ratio Between
Hamstring and Quadriceps Musculature Correlates With Game Performance in Elite and U-20 Players of the Brazilian Women’s
Soccer Team. Women Sport Phys. Act. J. 2025, 33, wspaj.2024-0025. [CrossRef]

24. Zhang, Q.; Léam, A.; Fouré, A.; Wong, D.P.; Hautier, C.A. Relationship Between Explosive Strength Capacity of the Knee Muscles
and Deceleration Performance in Female Professional Soccer Players. Front. Physiol. 2021, 12, 723041. [CrossRef]

25. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher,
D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:
Explanation and elaboration. BMJ 2009, 339, b2700. [CrossRef]

26. Study Quality Assessment Tools|NHLBI, NIH. Available online: https://www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools (accessed on 30 October 2025).

27. Cochrane Handbook for Systematic Reviews of Interventions|Cochrane. Available online: https://www.cochrane.org/authors/
handbooks-and-manuals/handbook (accessed on 30 October 2025).

https://doi.org/10.3390/encyclopedia6060114

https://doi.org/10.32098/mltj.04.2017.12
https://doi.org/10.1007/BF00235103
https://www.ncbi.nlm.nih.gov/pubmed/8477683
https://link.springer.com/article/10.1007/s40471-020-00255-0
https://doi.org/10.1007/s00167-018-5088-y
https://doi.org/10.1002/ksa.12447
https://doi.org/10.20944/preprints202306.0684.v2
https://doi.org/10.1080/02640414.2011.644249
https://doi.org/10.1016/j.ptsp.2025.02.009
https://www.ncbi.nlm.nih.gov/pubmed/40056726
https://doi.org/10.3390/app13042289
https://doi.org/10.26603/001c.95038
https://www.ncbi.nlm.nih.gov/pubmed/38576833
https://doi.org/10.5455/medarh.2015.69.21-23
https://doi.org/10.1080/15438627.2024.2420085
https://doi.org/10.1016/j.jshs.2024.101009
https://doi.org/10.1016/j.jshs.2021.04.003
https://doi.org/10.1136/ard.2007.074294
https://doi.org/10.1080/02640414.2022.2061251
https://doi.org/10.1186/s13102-025-01154-x
https://www.ncbi.nlm.nih.gov/pubmed/40307934
https://doi.org/10.1123/wspaj.2024-0025
https://doi.org/10.3389/fphys.2021.723041
https://doi.org/10.1136/bmj.b2700
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.cochrane.org/authors/handbooks-and-manuals/handbook
https://www.cochrane.org/authors/handbooks-and-manuals/handbook
https://doi.org/10.3390/encyclopedia6060114


Encyclopedia 2026, 6, 114 17 of 18

28. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef]

29. Gheller, R.G.; Machado, J.C.B.P.; Oliveira Franco, N.C.; Silva, J.V.G.; Monteiro, F.G.; Rossato, M. Assessing the magnitude and
direction of asymmetry in physical tests and morphological measurements in professional female soccer athletes. J. Bodyw. Mov.
Ther. 2025, 41, 131–137. [CrossRef]

30. Jones, P.A.; Dos’Santos, T.; McMahon, J.J.; Graham-Smith, P. Contribution of Eccentric Strength to Cutting Performance in Female
Soccer Players. J. Strength Cond. Res. 2022, 36, 525–533. [CrossRef]

31. Ambegaonkar, J.P.; Mettinger, L.M.; Caswell, S.V.; Burtt, A.; Cortes, N. Relationships between core endurance, hip strength, and
balance in collegiate female athletes. Int. J. Sports Phys. Ther. 2014, 5, 604–616.

32. Ostenberg, A.; Roos, E.; Ekdahl, C.; Roos, H. Isokinetic knee extensor strength and functional performance in healthy female
soccer players. Scand. J. Med. Sci. Sports 1998, 8, 257–264. [CrossRef]

33. De Freitas, F.H.; Neto, V.G.C.; Paz, G.A.; Dos Santos, D.T.; Dantas, E.H.M.; Gonçalves, M.M.; Willardson, J.M.; Miranda, H.
Correlation between lower limb asymmetry and performance in professional female soccer players. Motricidade 2024, 20, 252–258.
[CrossRef]
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