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Abstract 

Background Isokinetic normative data in females’ soccer players is scarce in comparison to males. Furthermore, 
evaluation protocols employed to obtain those data in female’s studies, strongly differ from each other, using different 
ranges of speeds and movement patterns, thus producing different output data. Thus, it is difficult for the researcher 
and the clinician to choose a correct protocol for knee isokinetic test in female soccer players. Aim of this paper 
is to review the literature to provide updated information on how to interpret a knee isokinetic testing in healthy 
females.

Methods Google Scholar, PubMed, Sport Discus, and Psych info databases were queried, and 17 papers were 
selected. Following PRISMA methodology and PEDro scale, we classified the retrieved papers and assessed the quality.

Results In this review some common features of isokinetic testing in female soccer players of various levels of quali-
fication are highlighted. The isokinetic performance indexes widely accepted are the hamstring/quadriceps (H/Q) 
ratio and dominant/non-dominant (D/ND) ratio. It also emerges that, 3 reps at the speed of 60°/sec in knee flexion/
extension are preferable due to the higher reliability and that the optimal H/Q ratio in healthy female soccer players 
of different level of qualification and age is 50%, while the interlimb differences (D/ND) should be below 10%.

Conclusions Normative data and methodologies reviewed can be useful for the isokinetic test of female soccer play-
ers. It emerges that simplifying test procedures limiting at few testing speed and considering selected H/Q and D/ND 
gives all the necessary relevant informations.

Keywords Dominant non-dominant limb ratio, Errors in isokinetic dynamometry, Female soccer, Hamstring/
quadriceps ratio, Isokinetic

Introduction
Female sport research has received less attention than 
research on male counterpart [1]. Soccer is not an excep-
tion to this rule. The reasons for this under consideration 

of female soccer are many, but mostly reside in social 
factors [1]. As consequence, research on female soc-
cer players has been underfunded and the availability of 
laboratories and instrumentation to perform research in 
females is scarce, and usually the same evaluation proto-
cols used in male are applied in females. Among research 
in female football, injuries on the knee is of special inter-
est, albeit anatomy, hormonal aspects, neurocognitive 
factors have been also deeply investigated. Strength is a 
basic physical quality which has been largely investigated. 
Isokinetic testing is the most used tool for knee strength 
assessment in soccer and requires expensive equipment, 
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which is less affordable to female clubs [1]. Despite the 
cost, isokinetic testing provides useful information for 
performance and injury prevention and rehabilitation of 
the knee [2].

In sport performance testing, there are basically three 
main factors to be considered: (a) Validity (the protocol 
reproduces the functional task as closely as possible and 
this is the case of isokinetic testing, which reproduce the 
ball kicking; (b) Reliability (the protocol gives similar 
result from day to day when no intervention is used; and 
(c) Sensitivity: the protocol must be able to detect small, 
but significant, changes in performance [3]. Sensitivity of 
isokinetic machine is high [3], if the system is in proper 
working order. As a preliminary consideration, it must 
be noted that knee injuries are most common in females 
compared to males’ soccer players [4].For instance, ante-
rior knee pain is reported more often in females than 
males. Isokinetic pre-season and in-season screenings 
are a standard part of the functional screening of soccer 
players, and the reference values are used as landmarks in 
case of injuries, to quantify the extent of strength losses 
and to establish the timing of the return to play after 
rehabilitation [5]. Quantifying the bilateral strength defi-
cit is useful for insurance compensation procedures [6] as 
is useful when comparing the outcomes of different sur-
gical methods, e.g. for the reconstruction of the anterior 
cruciate ligament [7].

Different types of isokinetic devices
Isokinetic measurements were first described in 1927, as 
a tool to measure the strength characteristic of isolated 
muscle fibers in the early physiological studies of muscle 
functions [8]. Isokinetic comes from Greek iso = same, 
and kinesis = motion. The first isokinetic dynamometer 
was developed by Levin and Wyman [8] to study the iso-
lated giant jaw muscle fibers of the giant shark, a pow-
erful muscle, capable of a pressure of 4000 PSI (pound 
per square inch). The modern isokinetic devices work by 
mean of a servo-controlled mechanism in a closed loop 
with the tested subjects, to keep the contractions speed 
constant with a sampling and controlling rate of 100 Hz. 
There are two main kinds of machines: ones who employ 
a circular motor (e.g. leg extension) where a leg exten-
sion arm is attached to a rotating shaft, thus measuring 
torque, and one who employ linear motors (e.g. leg press) 
and linear isokinetic devices (e.g. squat or leg press). 
Other type of isokinetic machines, use endless rotational 
motor, and are thus capable to achieving remarkably high 
angular velocities, up to 1000°/sec, which can be use-
ful for some fast rotatory movements, such as downhill 
cycling. It is possible to spin up to 300 rpm for cadence 
training which is equal to 1800°/sec. Using small cranks 
on a stationary isokinetic bike. The availability of linear 

(e.g., leg press) isokinetic machines allows the meas-
urement of the strength/speed curves in-vivo during 
squat-like or press-like functional exercise. The in-vivo 
strength/speed (or Hill’s curve) is important for under-
standing the athlete’s characteristics and adaptation to 
training. The basic idea of Levin and Wyman was to can-
cel the influence of speed of movement (causing other-
wise uncontrollable acceleration and deceleration phases) 
on muscle contraction, thus obtaining a twofold aim: 
control the elastic part (pre-tensioning the muscle elastic 
structures) and obtaining pure strength curves [8, 9].

It is worth noting that, when considering females mus-
cles testing, the strength characteristics of males and 
females’ muscle are different. Males and females with 
the same muscle size show distinct levels of strength, 
given that females’ quadriceps muscles by are 12% to 24% 
weaker compared to males, when normalized for mus-
cle thickness [10]. Furthermore, knee injuries rate risk is 
higher in females than in males: one reason is the mor-
phological condition of “genus valgus” [11], together with 
the joint laxity and less strength for lean body mass and 
muscle thickness in females [10, 12]. The prevalence of 
knee injuries in females is further worsened by the pres-
ence of the valgus knee, which is a common feature in the 
female Asian biotype [13].

Modalities of isokinetic testing and common measured 
parameters
Isokinetic testing can be performed in several joints 
using different modalities of muscle contractions. Con-
centric (CON) and eccentric (ECC) mode of muscle 
contractions are employed and a wide range of speeds, 
normally from 1° to 500/sec for the knee joints. The 
eccentric force/velocity curve in an isolated muscle, was 
measured for the first time using an isokinetic device 
[8]. The so-called eccentric contraction, or contraction-
in-lengthening happens when a muscle contracts while 
stretched, thus resisting to the stretch in a controlled 
way. It has been proven that eccentric “contraction” pro-
duces higher strength levels and strength gains in com-
parison to purely concentric contraction. Therefore, it is 
worth measuring eccentric isokinetic strength to have 
a complete strength profile. Laterality, or dominance, is 
another important parameter in the physical evaluation 
of soccer players. It has been found that male professional 
soccer players of the English premiere league displayed 
the greatest level of inter-limb asymmetry in isokinetic 
strength measures (5.9–12.7%. This measure is consist-
ent with gait asymmetry (1.6–7.7% variability in running 
stride length between the two legs) and jump asymmetry 
(0.9–7.0%) [14]. Considering psychology, isokinetic test-
ing is strictly depended on sincerity of effort [15]. In fact, 
studies on sincerity of effort in healthy young females, 
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showed that a coefficient of variation lower than 10% in 
strength between 5 repetition is necessary to ascertain 
that the subject performed at his maximal capacities [15].

Left/Right, dominant, (D) and non-dominant (ND), 
knee extensors (EXT) and flexors (FLEX) strength and 
quadriceps/hamstrings (H/Q) ratios are widely used 
informative parameters for isokinetic testing [16]. It is 
worth noting that the Dominant leg not necessarily coin-
cide with the Right leg, and this factor can lead to nega-
tive values when looking at the side ratios in isokinetic 
testing.

Effect of gravitational force and gravity compensation 
in isokinetic devices
H/Q ratio is of special interest because it is influenced by 
the effect of gravitation force during leg extension and 
flexion. There is also a gravity effect during the physical 
training, where gravitation acts against leg extensor mus-
cle and, in turn, is favorable to knee flexors.

Gravitation force leads to an imbalance between knee 
extensor and flexors, stimulating the quadriceps muscle 
versus to hamstrings muscles. It has been proposed that 
this unbalanced growth of anti-gravitational muscles, 
can be detrimental to the safety of the knee because of 
muscle imbalance, thus predisposing the athlete to inju-
ries [17]. To compensate for the measurement error due 
to the influence of gravitational force, isokinetic devices 
were equipped with a gravitational compensation proce-
dure, which in turn can be active (the isokinetic machine 
arm moves the limb through the range of motion and 
weights -it) or passive (the limb is dropped and the isoki-
netic machine arm weights it during the dropping) [18]. 
This way, the subject limb effectively works in absence of 
gravitational force during testing, and the obtained H/Q 
ratios are cleared from the effects gravitational force.

Significance of isokinetic strength ratios
The assumption that H/Q imbalance necessarily relates 
to an injury, is controversial, and a recent study cast some 
doubt on the clinical relevance of H/Q and D/ND ratio 
for injury prevention [19–21]. Isokinetic force is an artifi-
cial form of muscle work, not present in nature, obtained 
with the help of an “artifact”, the isokinetic device. Isoki-
netic devices present, several technical problems [22, 23] 
and methodological [20, 23] issues inherently linked to 
the isokinetic test itself. Those issues sometimes are not 
considered in testing and can lead to mistaken or unex-
plainable results. One source of error is the acceleration 
of the limb to “catch up” with the machine speed, which 
cause the torque to overshoot (similar to a sudden peak 
in strength), which happens when the limb “catches up” 
with the “true” isokinetic phase in the range of motion. 
The isokinetic phase of movement shortens with the 

increasing speed [21, 22, 24]. Therefore, the aim of this 
paper is to review the literature about isokinetic test-
ing in female soccer players, to provide a survey of the 
available knowledge about testing protocols. The refer-
ence values for H/Q, D/ND and L/R ratios and angles of 
occurrence of maximal strength will be reviewed to pro-
vide a guideline for the interpretation of isokinetic testing 
in females soccer players.

Methods
Information sources and strategies
A survey of the existing literature was conducted in May 
2023 in four different databases from inception to 10 May 
2023 (PubMed, Sport Discus, Ebsco, and Psych info) and 
on Google Scholar. The authors performed the search 
using the same method independently and summa-
rized, aggregated, organized, and compared the evidence 
extracted from the included studies. Given that one 
objective is to highlight the problems in isokinetic test-
ing in healthy females’ soccer players, the quality of the 
retrieved studies was one of the selection criteria of the 
literature. Thus, only studies published in peer reviewed 
journals were considered.

Screening process
Identification of the paper was made using the follow-
ing keywords in different combinations on the abstracts: 
“isokinetic and females soccer players”, “female soccer 
players and isokinetic”, “isokinetic and knee and females 
and soccer”, “isokinetic and soccer and females”, “reliabil-
ity of isokinetic systems”. The word “football” was also 
used instead of “soccer” and in this paper we might use 
it interchangeability. The search strategies were com-
bined, and duplicates were removed using Endnote X7 
(Clarivate Analytics, previously Thomson Reuters, Phila-
delphia, PA, USA). The databases were queried in hier-
archical order (e.g., first the broader database), starting 
from Google Scholar, followed by PubMed, Sport Discus, 
and Psych info. On Sport Discus only papers of higher 
level (level = advanced) were considered. Screening: All 
titles and abstracts were carefully read, and relevant arti-
cles were retrieved for review. In addition, the reference 
lists from both original and review articles retrieved were 
also reviewed.

Inclusion and exclusion criteria.
The eligibility criteria limited the search to studies per-

formed on females’ soccer players with no earlier history 
of injuries, e.g., pure functional or normative studies. 
The review was complied with the PRISMA statement 
for a systematic review [25]. The inclusion criteria were 
focused on studies related to isokinetic in healthy female 
soccer players of various levels of qualification, and no 
presence of knee pathologies. The exclusion criteria were: 
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(I) studies written in languages other than English, (ii) 
studies involving injured athletes. No limits were set con-
cerning the year of publication. The inclusion or exclu-
sion of articles was determined by applying the above 
criteria on the title and abstract as a first screening and 
on full texts as a second screening) but the ratios. When 
ratios were not reported, they were calculated from the 
raw values.

Data extraction
We can observe that different devices for isokinetic test-
ing were employed in the studies, with a high heteroge-
neity in the raw results. Therefore considering interlimb 
and agonists/antagonist muscles ratios, we didn’t con-
sider the absolute strength values (torque in newton 
meters, Nm or power, power in Watts—in one case) but 
we focused on the differences in %, using the formula: 
(Limb with higher strength—weaker limb) / Limb with 
higher strength × 100 and reported as % to allow a com-
parison between different test conditions.

Quality assessment
Each author used the PEDro scale separately and the 
results were then compared. All identifiable information 
has been removed from the paper by a third researcher 
to reduce assessment bias. Any disagreements were 
resolved by discussion between the authors and the 
mean consensus score of the retrieved papers was 8/10 

with high quality [26]. Limitations of the research lie in 
the risk that the papers could be biased by the following 
sources of biases: players are of different level of qualifi-
cation, and/or belong to different countries with diverse 
cultural backgrounds which can influence training habits. 
The unclear definition of expert and recreational play-
ers can introduce a bias and must be considered. None 
of the studies reported information about training and/or 
fatigue status and menstrual phases. The use of different 
isokinetic machine is not a risk of bias, because the data 
are presented as ratios.

Data synthesis
Data were extracted from the papers’ tables or from the 
papers texts and synthesized in two tables. The review 
has been registered in Prospero database with nr. 446,185 
(CRD42023446185). The retrieved papers were also 
checked for the Sackett critical appraisal criteria which 
showed (on the mean) a Level II: Small randomized tri-
als with uncertain results (and moderate to high risk of 
error) [27].

Results
We found 17 papers met the eligibility criteria and were 
included in the review (Fig. 1). Overall, risk of biases from 
different geographical location of the players, were low, 
being most studies performed in western world. Also, 
the players belong mostly or professional and collegiate 

Fig. 1 Search strategy. The search strategy was performed according to PRISMA methodology. From the initial 210 papers retrieved from 5 
databases, 17 papers were included in the review
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level with a consistent level of training. Most studies were 
randomized controlled trials (RCT) (n = 10), while the 
rest of the studies were trials with a controlled group, but 
with no randomization (CT) (n = 6). PEDro [26] scores 
revealed a tendency towards the ‘fair’ category (PEDro of 
score 4–5) (n = 7), followed by the ‘good’ category (PEDro 
score from 6 to 8) (n = 7) and the other studies (n = 3) 
were classified as ‘excellent’ (PEDro score of 9–10). 
PEDro scores are reported in Table  1. Table  2 summa-
rize the reviewed studies. Seventeen papers matched the 
inclusion criteria and were included in the review.

Table 1 reports the PEDro score of the papers.
Table  3 and 4 report the results for H/Q and D/ND 

ratio.

Comparability of different isokinetic systems
We found a few studies comparing different isokinetic 
systems, and must be considered that technology devel-
ops fast [32–34]. Mostly of the available literature com-
pares two isokinetic systems [32–34] and no study on 
comparison of several machines exist. Of the retrieved 
study, Humac [35], Contrex [36] and Isomed [30] were 
employed in 1 study each, 8 out of 17 used a Biodex 
machine [38, 40, 42, 43, 47–49, 51] followed by Cybex 
[3 studies, 39,45,50] while Kin Com [41], Lido [46], 
Rev9000 [44]. This heterogeneity makes absolute norma-
tive data difficult to compare. Hamstring showed a little 
lower reliability in comparison to hamstrings muscles 
[22]. For CON EXT peak torque at 60°/sec was reported 
and an ICC of 0.964 was reported for on the Kin Com 
dynamometer [28], while on the Cybex 6000 an ICC 0.84 
[28] for hamstring testing. One study compared Kin Com 
and Lido isokinetic machine and found no difference in 
muscle strength (Nm) for CON FLEX and CON EXT 
[29]. The Isomed system was used in one study [30], and 
no ICC was reported.

Modalities of contraction and velocities
Isokinetic variables were collected mostly in Concentric 
(CON) mode, and less often in Eccentric (ECC) mode 
[37, 41]. The reason for the preference of CON testing is 
because ECC reliability of the eccentric test is low [31], 
even at low testing speed (60°/sec) [32]. Also, eccentric 
testing can be risky for the knee safety.

The reliability of the concentric test decrease with the 
increase of the speed because of the shortening of the 
real isokinetic ROM, due to the acceleration and deceler-
ation [35]. The chosen test speeds in the reviewed papers, 
ranged from 30° to 300°/sec [36–51]. Albeit there is some 
evidence in the literature that suggests not to use speeds 
above 180°/sec because of limb acceleration and decel-
eration time, which reduce the true isokinetic phase [22], 

speeds above this limit were used in 6 studies [30, 38, 39, 
43, 46, 47] of 17.

Left–right limb differences
The differences between left and right limbs, which nor-
mally increase with increasing speeds, ranges from 1.7% 
to 9.7 at 60°/sec [38] up to 14.9% at 270°/sec in concen-
tric leg extension [38] and from 1.9% at 60°/sec [37] up to 
10.9% [41] in concentric knee flexion.

Dominant/ non‑dominant limb ratio
CON and ECC Dominant (D) and Non-Dominant (ND) 
limb (D/ND) and Hamstring to Quadriceps (H/Q) ratio 
were calculated mostly using Peak Torque (PT, e.g. the 
maximum torque registered along the range of motion). 
One paper considered peak power (W) and mean work 
(MW) [30]. 12 of 17 studies did not report how they 
selected the Dominant limb (assuming as dominant the 
strongest in the isokinetic test), while the others selected 
the kicking limb as Dominant [30, 36, 40, 42]. Only 8 
studies reported the D/ND ratio [30, 36–38, 40–42, 45] 
and three to five repetitions at slower speed (60°/sec) 
were measured, while at higher velocities 10 (180°sec) 
to 25 (300°/sec) repetitions were measured. Range of 
motion was in all cases 90° (from full knee extension to 
90°of knee flexion).

Three studies [30, 34, 35] show a small negative D/ND 
ratio because of weaker dominant leg.

Normalized values for kg of body weight were used 
only in two studies [38, 39]. The same studies showed 
that young elite players have a lower difference between 
D/ND leg in comparison to older players. One study 
found a small D/ND non-significant differences between 
under 17 and senior elite player in CON EXT (2.04 vs 
2.10 Nm/kg) and CON FLEX (2.82 vs 2.06 Nm/kg) at 
60°/sec [40]. Professional players show small D/ND dif-
ferences in comparison to young players on the velocity’s 
spectrum of 60,180,240°/sec, with higher differences seen 
in the extensor muscles [29]. Healthy professional female 
players show a difference of 13% in EXT ECC at 60° and 
of 10% in CON EXT strength between D/DN leg [41].

H/Q ratio
H/Q ratio varies between 44.9% at 60°sec with a mean 
value of 56.1 ± 11.29% to 72% at 300°/sec.

Young (11–14 y.o.), elite soccer players, were found 
to have a H/Q ratio of 50% [42]. Olympic soccer play-
ers showed a H/Q ratio of 54% at 60°/sec and of 72% 
at 300°/sec [43]. Two large studies in collegiate (101 
and 196 players) reported an H/Q ratio of 59.6% and 
of 62% at 60°/sec [44, 45]. One smaller sample study in 
collegiate [46] (20 subjects) showed a H/Q ratio of 44 
to 50% in the range speed 60 to 360°/sec. These H/Q 
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values are higher than those found in another study in 
professional players which show a ratio of 44.9% at 60°/
sec [47] and in collegiate who shows H/Q values at 60°/
sec equal to 49.5%, 54% and 46% [48–50], middle way 
between Professional and young players. One study 
[51] reported a functional H/Q ratio as a pooled val-
ues between concentric and eccentric force and found a 
24% ratio. Also other indexes have been proposed, such 
as Functional hamstring-to-quadriceps ratios, which is 

the eccentric peak torque for the leg flexors divided by 
the concentric peak torque for the leg extensors [52].

Discussion
Our aims were to research the available data on func-
tional evaluation of female soccer players of different 
level of qualification. Overall, the reviewed studies show 
a high percent of “fairs” studies when assessed with the 
PEDro tool (n = 7). Studies with the lowest scores are the 

Table 2 Studies included in the review and subject’s characteristics

Study nr. (ref) Author Device Age (years ± sd) N Level

1 [48] Fillyaw 1986 Cybex 19 27 Collegiate

2 [39] Jones 2020 Kin Com 21.2 ± 4.1 25 Prof

3 [43] Ostenberg 1998 Cybex II 20.3 ± 4.1 101 Collegiate

4 [30] Brigido Fernandez 2022 Isomed 2000 21.9 ± 4.19 68 Prof

5 [44] Westing 1989 Lido 20 20 Collegiate

6 [46] Knapik 1991 Biodex 18.9 36 Collegiate

7 [40] Chrisman 2012 Biodex 3 11–14 92 50 elite

42 sub-elite

8 [47] Rosene 2001 Biodex Pro 19.3 ± 1.3 10 Collegiate

9 [45] Vargas 2019 Biodex 4 18.21 ± 0.41ƚ 19 Prof

10 [38] Hannon 2022 Biodex 4 11–14, 15–18 64 Recreational

11 [34] Zhang 2021 Contrex 24.7 ± 4.2 14 Prof

12 [35] Parpa 2020 Humac 23.6 ± 4.3 18 Prof

13 [36] Eustace 2019 Biodex 4 21.31 ± 4.51 17 Elite

16.91 ± 1.16 17 17 Young

14 [37] Manson 2014 Cybex Norm 19–36 15 Prof

15 [42] Risberg 2018 Rev 9000 29 ± 4 196 Collegiate

16 [41] Andrade 2012 Biodex 21.3 ± 5.5 17 Olympic

17 [49] Jenkins 2013 Biodex 4 20.3 ± 1.6 17 Collegiate

Table 3 H/Q: (hamstrings/quadriceps) ratio %

EXT: extension; FLEX: flexion; CON: concentric mode; ECC: eccentric mode. Results are reported as mean between the two legs

Study nr Mode Vel°/s CON 30 CON 60 CON 120 CON 180 CON 240 CON 270 CON 360 ECC 60 ECC 240

1 54 51

4 52 57 62

5 46 44 45 47 50

6 62

8 50

9 44.9 72 35.4

10 50 50

12 74

13 49.5 57.8 58.1

14 75 90

15 59.6

16 54 72

17 86 50
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oldest one. It emerges from the review, the most used 
indexes in isokinetic testing are the H/Q (Hamstrings to 
Quadriceps) ratio [30, 36–39, 41–51] and D/ND (Domi-
nant/Non-Dominant) difference [30, 36–38, 40–42, 45]. 
These two indexes, are useful to clinical practice, allow a 
quick evaluation and provide useful information about 
the status of lower limbs of females football players. Fur-
ther information can be obtained from eccentric test-
ing and high (> 120°/sec) albeit the reliability is lower. 
Under special conditions (e.g. special kind of isokinetic 
dynamometers), eccentric and high speed can be investi-
gated for research purposes [53].

H/Q ratio
In our review, we found that there is a wide variation in 
the H/Q and D/ND ratio. H/Q at 60°  sec is almost sta-
ble at around 50% through the literature and it is lower 
for young and recreational athletes. Professional athletes 
showed higher H/Q ratio. This result can be explained 
by the higher quadriceps strength of professional play-
ers. It has been shown that more training can increases 
the H/Q imbalance due to the antigravitational work of 
the quadriceps [54]. The H/Q values vary considerably 
among the different studies when measured at higher 
speeds. This is an index of lower reliability of the isoki-
netic test also at relatively fast speeds (120° and 180°/sec).

Dominant/non‑dominant ratio
The D/ND in healthy females’ soccer players is quite 
small and below 10%. Therefore these can be used as ref-
erence values for healthy female soccer players. We found 
some negative D/ND mean ratio in CON EXT and CON 
FLEX which is probably caused to the non-coincidence of 
Left and Right with ND and D leg. ECC values for knee 
EXT also increase with the speed, and this is explain-
able with the difficulty to control high eccentric speeds 
which are less reliable. Given that isokinetic testing is 
often assumed to be the “gold standard” in knee strength 
evaluation, the lack of information on the used protocols 
is quite surprising. Moreover, the warmup procedure 
before isokinetic tests differed widely (when described) 
and at times was not reported. The protocols were some-
times poorly described (e.g. no rest time between series 
was reported, and no previous training schedule of ath-
letes or menstrual cycle phase at the time of test were 
reported). These observations agree with a recent study 
[50], which critically evidenced that, considering the 
available evidence, there need to be more investigations 
and an improvement in standardization of method and 
analysis to improve interpretation (e.g., within session 
and between session), adoption, and implementation 
of interlimb asymmetry testing, and subsequent proper 
interventions [50]. The same study also calls for a greater 

methodological rigor, to be applied in study design, data 
analysis, and interpretation of isokinetic testing (and 
other tests for asymmetry) and when reviewing the cur-
rent literature.

Isokinetic testing is widely used in soccer, although only 
a few studies are available on females players. Therefore, a 
limitation of our review is the inherent lack of studies on 
the topic. In fact, females researches are also underrepre-
sented in this field, and few papers are available [1]. This 
paucity of information about isokinetic muscular perfor-
mance in females subjects, is explainable with social and 
economic factors (e.g., less economic interests in female 
soccer players value). In addition, the available literature 
used different isokinetic devices, different protocols of 
testing (speeds and number of repetitions, recovery) and 
the rationale for the choice of speeds are not reported. 
Also, is unclear how is chosen the dominant leg is chosen 
in several studies. There are some constants that emerges 
from the literature that can be summarized and can be 
useful for the practice and interpretation of isokinetic 
testing in females’ soccer players. Beside reference values, 
we could use these results to guide the isokinetic assess-
ment of females: (1) use slow to medium (max 120°/sec) 
speed; (2) eccentric evaluation is less reliable and does 
not added further information in comparison to concen-
tric testing; (3) use a limited number of repetitions (3 to 
5) to assess the female players; (4) use percent and nor-
malized value to compare tests performed with different 
machines. Other limitations of our study were related to 
the fact that, we could not access the literature written in 
other languages than English, and we didn’t consider iso-
metric or isotonic studies to compare H/Q and D/ND in 
the female soccer player’s knee.

A lack of information about isokinetic testing in female 
persist in the literature, especially in young players, 
despite an increase in injury rate [55].

Conclusions
We can conclude, that for clinical practice, an isokinetic 
test for the female’s soccer athletes at 60°/sec in con-
centric mode for EXT and FLEX is the most reliable, 
employing 3 reps. H/Q should be 50% (a little bit less for 
young athletes), while the D/ND difference in healthy 
females’ soccer players should be less than 10%. Several 
papers employed high velocities for research purposes, 
but previous literature [56–58] show they are less reli-
able due to technical issues (real isokinetic ROM, torque 
overshot) and do not add further information to the 60°/
sec test. Therefore, it appears from our review that a 60°/
sec test provide enough reliability and information on 
the strength characteristics of female soccer players and 
that testing at additional speeds does not add significant 
information. These results can help establish milestones 
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in training, rehabilitation and functional evaluation with 
an isokinetic machine.

Acknowledgements
We acknowledge Tongji University International college of football.

Author contributions
Cheng Zhan: conception of the study, data gathering and writing, data gath-
ering and analysis, Antonio Cicchella, conception of the study, analysis, and 
writing. All authors read and approved the final version of the manuscript and 
approve the manuscript in full.

Funding
Education Research and Reform Cultivation Project of Tongji University and 
National Social Science Fund (Grant No. ALA220029) and Fundamental 
Research Fund for The Central Universities (Grant No. 22120230280).

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 28 May 2024   Accepted: 27 September 2024

References
 1. Okholm Kryger K, Wang A, Mehta R, Impellizzeri FM, Massey A, McCall 

A. Research on women’s football: a scoping review. Sci Med Footb. 
2022;6:549–58. https:// doi. org/ 10. 1080/ 24733 938. 2020. 18685 60.

 2. Dvir Z. Isokinetic Muscle Testing. Interpretation and Clinical Applications. 
Churchill Livingstone, 2004.

 3. Currell K, Jeukendrup AE. Validity, reliability and sensitivity of measures of 
sporting performance. Sports Med. 2008;38:297–316. https:// doi. org/ 10. 
2165/ 00007 256- 20083 8040- 00003.

 4. You S, Shen Y, Liu Q, Cicchella A. Patellofemoral pain, Q-Angle, and 
performance in female Chinese collegiate soccer players. Medicina. 
2023;59:589. https:// doi. org/ 10. 3390/ medic ina59 030589.

 5. Horn T, Brogden C, Greig M. Isokinetic profiling of elite youth footballers: 
informing selection of a practicable and efficacious isokinetic screening 
test. Res Sports Med. 2023;31:125–36. https:// doi. org/ 10. 1080/ 15438 627. 
2021. 19433 92.

 6. Herbawi F, Lozano-Lozano M, Lopez-Garzon M, Postigo-Martin P, Ortiz-
Comino L, Martin-Alguacil JL, Arroyo-Morales M, Fernandez-Lao C. A 
systematic review and meta-analysis of strength recovery measured by 
isokinetic dynamometer technology after anterior cruciate ligament 
reconstruction using quadriceps tendon autografts vs. hamstring tendon 
autografts or patellar tendon autografts. Int J Environ Res Public Health. 
2022. https:// doi. org/ 10. 3390/ ijerp h1911 6764.

 7. Chaney GK, Krause DA, Hollman JH, Anderson VA, Heider SE, Thomez S, 
Vaughn SN, Schilaty ND. Recurrence quantification analysis of isokinetic 
strength tests: a comparison of the anterior cruciate ligament recon-
structed and the uninjured limb. Clin Biomech. 2023;104: 105929. https:// 
doi. org/ 10. 1016/j. clinb iomech. 2023. 105929.

 8. Levin A, Wyman J. The viscous elastic properties of muscle. Proc R Soc B 
Biol Sci. 1927;101:218–43. https:// doi. org/ 10. 1098/ RSPB. 1927. 0014C orpus.

 9. Hislop HJ, Perrine JJ. The isokinetic concept of exercise. Phys Ther. 
1967;47:114–7.

 10. Kataoka R, Spitz RW, Wong V, Bell ZW, Yamada Y, Song JS, Hammert WB, 
Dankel SJ, Abe T, Loenneke JP. Sex segregation in strength sports: do 
equal-sized muscles express the same levels of strength between sexes? 
Am J Hum Biol. 2023;35: e23862. https:// doi. org/ 10. 1002/ ajhb. 23862.

 11. Sprouse B, Alty J, Kemp S, Cowie C, Mehta R, Tang A, Morris J, Cooper 
S, Varley I. The football association injury and illness surveillance study: 
the incidence, burden and severity of injuries and illness in men’s and 
women’s international football. Sport Med. 2020;28:1–20.

 12. Bartolomei S, Grillone G, Di Michele R, Cortesi MA. Comparison between 
male and female athletes in relative strength and power performances. J 
Funct Morphol Kinesiol. 2021;6:17. https:// doi. org/ 10. 3390/ jfmk6 010017.

 13. Harvey WF, Niu J, Zhang Y, McCree PI, Felson D, Nevitt M, Xu L, Aliabadi P, 
Hunter DJ. Knee alignment differences between Chinese and Caucasian 
subjects without osteoarthritis. Ann Rheum Dis. 2008;67:1524–8.

 14. Nicholson G, Bennett T, Thomas A, Pollitt L, Hopkinson M, Crespo R, 
Robinson T, Price RJ. Inter-limb asymmetries and kicking limb preference 
in English premier league soccer players. Front Sports Act Living. 2022;4: 
982796. https:// doi. org/ 10. 3389/ fspor. 2022. 982796.

 15. Almosnino S, Dvir Z, Bardana DD, Diaconescu ED, Stevenson JM. 
Ascertaining maximal voluntary effort production during isokinetic knee 
strength testing of anterior cruciate ligament-reconstructed patients. Am 
J Phys Med Rehabil. 2014;93:169–81. https:// doi. org/ 10. 1097/ PHM. 00000 
00000 000041.

 16. Pieters D, Witvrouw E, Wezenbeek E, Schuermans J. Value of isokinetic 
strength testing for hamstring injury risk assessment: should the “strong-
est” mates stay ashore? Eur J Sport Sci. 2022;22:257–68. https:// doi. org/ 10. 
1080/ 17461 391. 2020. 18517 74.

 17. Lutz FD, Cleary CJ, Moffatt HM, Sullivan VE, LaRoche DP, Cook SB. Com-
parison of the H/Q ratio between the dominant and nondominant legs 
of soccer players: a meta-analysis. Sports Health. 2022. https:// doi. org/ 10. 
1177/ 19417 38122 10950 96.

 18. Dvir Z, Müller S. Multiple-joint isokinetic dynamometry: a critical review. 
J Strength Condition Res. 2020;34:587–601. https:// doi. org/ 10. 1519/ JSC. 
00000 00000 002982.

 19. Claudino JG, et al. Eccentric strength assessment of hamstring muscles 
with new technologies: a systematic review of current methods and clini-
cal implications. Sports Med Open. 2021;7:10. https:// doi. org/ 10. 1186/ 
s40798- 021- 00298-7.

 20. Winter DA, Wells RP, Orr GW. Errors in the use of isokinetic dynamometers. 
Eur J Appl Physiol Occup Physiol. 1981;46:397–408. https:// doi. org/ 10. 
1007/ BF004 22127.

 21. Möck S, Happ K, Wirth K. The evaluation of strength imbalances as risk 
factor for contactless injuries of the knee and thigh: a critical review. 
J Sports Med Phys Fitness. 2023;63:685–95. https:// doi. org/ 10. 23736/ 
S0022- 4707. 23. 14501-4.

 22. Green B, Bourne MN, Pizzari T. Isokinetic strength assessment offers 
limited predictive validity for detecting risk of future hamstring strain 
in sport: a systematic review and meta-analysis. Br J Sports Med. 
2018;52(5):329–36. https:// doi. org/ 10. 1136/ bjspo rts- 2017- 098101.

 23. Schwartz FP, Bottaro M, Celes RS, Brown LE, Nascimento FA. The influence 
of velocity overshoot movement artifact on isokinetic knee extension 
tests. J Sports Sci Med. 2010;9:140–6.

 24. Brown L, Whitehurst M, Findley BW, Gilbert R, Buchalter DN. Isokinetic 
load range during shoulder rotation exercise in elite male jounior players. 
J Strength Cond Res. 1995;9:160–4.

 25. Page MJ, McKenzie JE, Bossuyt PM, et al. Updating guidance for reporting 
systematic reviews: development of the PRISMA 2020statement. J Clin 
Epidemiology. 2021;134:103–12.

 26. Matos AP, Pegorari MS. How to classify clinical trials using the PEDro 
scale? J Lasers Med Sci. 2020;11:1–2. https:// doi. org/ 10. 15171/ jlms. 2020. 
01.

 27. Sackett DL. Rules of evidence and clinical recommendations on the use 
of antithrombotic agents. Chest. 1989. https:// doi. org/ 10. 1378/ chest. 
95.2_ Suppl ement. 2S.

 28. Li RC, Wu Y, Maffulli N, et al. Eccentric and concentric isokinetic knee flex-
ion and extension: a reliability study using the Cybex 6000 dynamometer. 
Br J Sports Med. 1996;30:156–60.

 29. Steiner LA, Harris BA, Krebs DE. Reliability of eccentric isokinetic knee flex-
ion and extension measurements. Arch Phys Med Rehabil. 1993;74:1327–
35. https:// doi. org/ 10. 1016/ 0003- 9993(93) 90088-R.

https://doi.org/10.1080/24733938.2020.1868560
https://doi.org/10.2165/00007256-200838040-00003
https://doi.org/10.2165/00007256-200838040-00003
https://doi.org/10.3390/medicina59030589
https://doi.org/10.1080/15438627.2021.1943392
https://doi.org/10.1080/15438627.2021.1943392
https://doi.org/10.3390/ijerph19116764
https://doi.org/10.1016/j.clinbiomech.2023.105929
https://doi.org/10.1016/j.clinbiomech.2023.105929
https://doi.org/10.1098/RSPB.1927.0014Corpus
https://doi.org/10.1002/ajhb.23862
https://doi.org/10.3390/jfmk6010017
https://doi.org/10.3389/fspor.2022.982796
https://doi.org/10.1097/PHM.0000000000000041
https://doi.org/10.1097/PHM.0000000000000041
https://doi.org/10.1080/17461391.2020.1851774
https://doi.org/10.1080/17461391.2020.1851774
https://doi.org/10.1177/19417381221095096
https://doi.org/10.1177/19417381221095096
https://doi.org/10.1519/JSC.0000000000002982
https://doi.org/10.1519/JSC.0000000000002982
https://doi.org/10.1186/s40798-021-00298-7
https://doi.org/10.1186/s40798-021-00298-7
https://doi.org/10.1007/BF00422127
https://doi.org/10.1007/BF00422127
https://doi.org/10.23736/S0022-4707.23.14501-4
https://doi.org/10.23736/S0022-4707.23.14501-4
https://doi.org/10.1136/bjsports-2017-098101
https://doi.org/10.15171/jlms.2020.01
https://doi.org/10.15171/jlms.2020.01
https://doi.org/10.1378/chest.95.2_Supplement.2S
https://doi.org/10.1378/chest.95.2_Supplement.2S
https://doi.org/10.1016/0003-9993(93)90088-R


Page 11 of 11Cicchella and Zhang  Journal of Orthopaedic Surgery and Research          (2024) 19:629  

 30. Brígido-Fernández I et al. Knee isokinetic profiles and reference values of 
professional female soccer players. Sports 2022. https:// doi. org/ 10. 3390/ 
sport s1012 0204.

 31. Tredinnick TJ, Duncan PW. Reliability of measurements of concentric and 
eccentric isokinetic loading. Phys Ther. 1988;68:656–9. https:// doi. org/ 10. 
1093/ ptj/ 68.5. 656.

 32. Lund H, Søndergaard K, Zachariassen T, Christensen R, Bülow P, Henriksen 
M, Bartels EM, Danneskiold-Samsøe B, Bliddal H. Learning effect of 
isokinetic measurements in healthy subjects, and reliability and compa-
rability of Biodex and Lido dynamometers. Clin Physiol Funct Imaging. 
2005;25:75–82. https:// doi. org/ 10. 1111/j. 1475- 097X. 2004. 00593.x.

 33. Francis K, Hoobler T. Comparison of peak torque values of the knee flexor 
and extensor muscle groups using the cybex II and Lido 2.0 isokinetic 
dynamometers. J Orthopaedics and Sport Physical Theraphy 1987; 8, 
480–483.

 34. Thompson MC, Shingleton LG, Kegerreis ST. Comparison of values 
generated during testing of the knee using the Cybex II plus and biodex 
nModel B-2000 isokinetic dynamometers. J Orthopaed Sport Phys Ther-
aphy. 1989;11:108–15.

 35. Feiring DC, Ellenbecker TS, Derscheid GL. Test-retest reliability of the bio-
dex isokinetic dynamometer. J Orthop Sports Phys Ther. 1990;11:298–300. 
https:// doi. org/ 10. 2519/ jospt. 1990. 11.7. 298.

 36. Zhang Q, Léam A, Fouré A, Wong DP, Hautier CA. Relationship between 
explosive strength capacity of the knee muscles and deceleration 
performance in female professional soccer players. Front Physiol. 2021;12: 
723041. https:// doi. org/ 10. 3389/ fphys. 2021. 723041.

 37. Parpa K, Michaelides MA. the effect of transition period on performance 
parameters in elite female soccer players. Int J Sports Med. 2020;41:528–
32. https:// doi. org/ 10. 1055/a- 1103- 2038.

 38. Eustace SJ, Page RM, Greig M. Isokinetic strength differences between 
elite senior and youth female soccer players identifies training require-
ments. Phys Therapy Sport. 2019;39:45–51. https:// doi. org/ 10. 1016/j. ptsp. 
2019. 06. 008.

 39. Manson SA, Brughelli M, Harris NK. Physiological characteristics of 
international female soccer players. J Strength Cond Res. 2014;28:308–18. 
https:// doi. org/ 10. 1519/ JSC. 0b013 e3182 9b56b1.

 40. Hannon JP, Wang-Price S, Garrison JC, Goto S, Bothwell JM, Bush CA. Nor-
malized hip and knee strength in two age groups of adolescent female 
soccer players. J Strength Cond Res. 2022;36:207–11. https:// doi. org/ 10. 
1519/ JSC. 00000 00000 003420.

 41. Jones PA. Isokinetic strength profile of female soccer players: between 
limb comparisons. In: John J. McMahon & Philip Graham-Smith editors. 
38th International society of biomechanics in sport conference, physical 
conference cancelled, Online Activities: 2020.

 42. Chrisman SP, O’Kane JW, Polissar NL, Tencer AF, Mack CD, Levy MR, Schiff 
MA. Strength and jump biomechanics of elite and recreational female 
youth soccer players. J Athl Train. 2012;47:609–15. https:// doi. org/ 10. 
4085/ 1062- 6050- 47.6. 01.

 43. dos Andrade MS, De Lira CA, de Koffes FC, Mascarin NC, Benedito-Silva 
AA, Da Silva AC. Isokinetic hamstrings-to-quadriceps peak torque ratio: 
the influence of sport modality, gender, and angular velocity. J Sports Sci. 
2012;30:547–53. https:// doi. org/ 10. 1080/ 02640 414. 2011. 644249.

 44. Risberg MA, Steffen K, Nilstad A, Myklebust G, Kristianslund E, Moltubakk 
MM, Krosshaug T. Normative quadriceps and hamstring muscle strength 
values for female, healthy, elite handball and football players. J Strength 
Cond Res. 2018;32:2314–23. https:// doi. org/ 10. 1519/ JSC. 00000 00000 
002579.

 45. 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. https:// doi. org/ 10. 1111/j. 1600- 0838.

 46. Westing SH, Seger JY. Eccentric and concentric torque-velocity character-
istics, torque output comparisons, and gravity effect torque corrections 
for the quadriceps and hamstring muscles in females. Int J Sports Med. 
1989;10:175–80. https:// doi. org/ 10. 1055/s- 2007- 10248 96.

 47. Vargas VZ, Motta C, Peres B, Vancini RL, Andre Barbosa De Lira C, Andrade 
MS. Knee isokinetic muscle strength and balance ratio in female soccer 
players of different age groups: a cross-sectional study. Phys Sportsmed. 
2020, 48:105–109. https:// doi. org/ 10. 1080/ 00913 847. 2019. 16428 08.

 48. Knapik JJ, Bauman CL, Jones BH, Harris JM, Vaughan L. Preseason strength 
and flexibility imbalances associated with athletic injuries in female 

collegiate athletes. Am J Sports Med. 1991;19:76–81. https:// doi. org/ 10. 
1177/ 03635 46591 01900 113.

 49. Rosene JM, Fogarty TD, Mahaffey BL. Isokinetic hamstrings: quadriceps 
ratios in intercollegiate athletes. J Athl Train. 2001;36:378–83.

 50. Fillyaw M, Bevins T, Fernandez L. Importance of correcting isokinetic peak 
torque for the effect of gravity when calculating knee flexor to extensor 
muscle ratios. Phys Ther. 1986;66:23–31. https:// doi. org/ 10. 1093/ ptj/ 66.1. 
23.

 51. Jenkins ND, Hawkey MJ, Costa PB, Fiddler RE, Thompson BJ, Ryan ED, 
Smith D, Sobolewski EJ, Conchola EC, Akehi K, Cramer JT. Functional 
hamstrings: quadriceps ratios in elite women’s soccer players. J Sports Sci. 
2013;31:612–7. https:// doi. org/ 10. 1080/ 02640 414. 2012. 742958.

 52. Aagaard P, Simonsen EB, Trolle M, Bangsbo J, Klausen K. Isokinetic 
hamstring/quadriceps strength ratio: influence from joint angular 
velocity, gravity correction andcontraction mode. Acta Physiol Scand. 
1995;1995(154):421–7. https:// doi. org/ 10. 1111/j. 1748- 1716. 1995. tb099 
27.x.

 53. Koryak YA. Isokinetic force and work capacity after long-duration space 
station mir and short-term international space station missions. Aerosp 
Med Hum Perform. 2020;91:422–31. https:// doi. org/ 10. 3357/ AMHP. 5348. 
2020.

 54. Figoni SF, Christ CB, Massey BH. Effects of speed, hip and knee angle, and 
gravity-on hamstring to quadriceps torque ratios. J Orthop Sports Phys 
Ther. 1988;9:287–91. https:// doi. org/ 10. 2519/ jospt. 1988.9. 8. 287.

 55. Watson A, Mjaanes JM. Council on sports medicine and fitness. Soccer 
injuries in children and adolescents. Pediatrics. 2019;144, e20192759. 
https:// doi. org/ 10. 1542/ peds. 2019- 2759.

 56. Bishop C, de Keijzer KL, Turner AN, Beato M. Measuring interlimb asym-
metry for strength and power: a brief review of assessment methods, 
data analysis, current evidence, and practical recommendations. J 
Strength Cond Res. 2023;37:745–50. https:// doi. org/ 10. 1519/ JSC. 00000 
00000 004384.

 57. Baltzopoulos V, Brodie DA. Isokinetic dynamometry. Appl Limit 
Sports Med. 1989;2:101–16. https:// doi. org/ 10. 2165/ 00007 256- 19890 
8020- 00003.

 58. Handel M, Dickhuth HH, Mayer F, Gülch RW. Prerequisites and limitations 
to isokinetic measurements in humans. Investigations on a servomotor-
controlled dynamometer. Eur J Appl Physiol Occup Physiol. 1996;73:225–
230. https:// doi. org/ 10. 1007/ BF024 25480.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/sports10120204
https://doi.org/10.3390/sports10120204
https://doi.org/10.1093/ptj/68.5.656
https://doi.org/10.1093/ptj/68.5.656
https://doi.org/10.1111/j.1475-097X.2004.00593.x
https://doi.org/10.2519/jospt.1990.11.7.298
https://doi.org/10.3389/fphys.2021.723041
https://doi.org/10.1055/a-1103-2038
https://doi.org/10.1016/j.ptsp.2019.06.008
https://doi.org/10.1016/j.ptsp.2019.06.008
https://doi.org/10.1519/JSC.0b013e31829b56b1
https://doi.org/10.1519/JSC.0000000000003420
https://doi.org/10.1519/JSC.0000000000003420
https://doi.org/10.4085/1062-6050-47.6.01
https://doi.org/10.4085/1062-6050-47.6.01
https://doi.org/10.1080/02640414.2011.644249
https://doi.org/10.1519/JSC.0000000000002579
https://doi.org/10.1519/JSC.0000000000002579
https://doi.org/10.1111/j.1600-0838
https://doi.org/10.1055/s-2007-1024896
https://doi.org/10.1080/00913847.2019.1642808
https://doi.org/10.1177/036354659101900113
https://doi.org/10.1177/036354659101900113
https://doi.org/10.1093/ptj/66.1.23
https://doi.org/10.1093/ptj/66.1.23
https://doi.org/10.1080/02640414.2012.742958
https://doi.org/10.1111/j.1748-1716.1995.tb09927.x
https://doi.org/10.1111/j.1748-1716.1995.tb09927.x
https://doi.org/10.3357/AMHP.5348.2020
https://doi.org/10.3357/AMHP.5348.2020
https://doi.org/10.2519/jospt.1988.9.8.287
https://doi.org/10.1542/peds.2019-2759
https://doi.org/10.1519/JSC.0000000000004384
https://doi.org/10.1519/JSC.0000000000004384
https://doi.org/10.2165/00007256-198908020-00003
https://doi.org/10.2165/00007256-198908020-00003
https://doi.org/10.1007/BF02425480

	Isokinetic assessment of the female’s soccer player’s knee. A systematic review of outcomes measures
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Different types of isokinetic devices
	Modalities of isokinetic testing and common measured parameters
	Effect of gravitational force and gravity compensation in isokinetic devices
	Significance of isokinetic strength ratios

	Methods
	Information sources and strategies
	Screening process
	Data extraction
	Quality assessment
	Data synthesis


	Results
	Comparability of different isokinetic systems
	Modalities of contraction and velocities
	Left–right limb differences
	Dominant non-dominant limb ratio
	HQ ratio


	Discussion
	HQ ratio
	Dominantnon-dominant ratio

	Conclusions
	Acknowledgements
	References


