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Abstract 

The aim of this narrative review is to evaluate the presented literature on tests (aerobic, speed, 

changes of direction [COD], strength, power, jump and anthropometry) of the varied 

components of female soccer and to draw attention to the most suitable protocols to allow 

practitioners to accurately track players' fitness status. The two most common field tests used 

to assess aerobic fitness are the Yo-yo intermittent test (level 1 and 2) and the 30-15 intermittent 

fitness test, due to an ability to measure multiple players at once with a soccer specific 

intermittent profile. The sprinting performance can be assessed on distances < 30 m, however, 

longer distances (e.g., 40 m) allow for achieving peak speed (flying sprint test), which can be 

assessed using global navigation satellite system. COD capacity has been found to be an 

important component of players testing and training programs, although there is no “gold 

standard” to assess COD or repeated sprint ability performance in female players. Lower limb 

power can be assessed using jump tests that can use force platforms, jump mats, optoelectronic 

devices, whilst maintain a good reliability. Several in-direct tests are currently available for 

assessing anthropometry parameters such as skinfold thickness, hydrodensitometry, and 

ultrasound. However, dual-energy X-ray absorptiometry is the most valid and reliable method 

for assessing body composition in team sport athletes, with the addition of bone health that is 

a key measure in female athletes. In conclusion, the evidence reported in this review will be 

able to aid practitioners, coaches, and researchers to decide which tests meet the requirements 

of their environment. 
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INTRODUCTION 

The game of soccer has evolved considerably since formative analysis was conducted 

in the 1960’s and it is now considered one of the most dynamic, energetic and high-velocity 

sports (144). Research has primarily been dominated with a male focus, but there has been a 

large growth in female soccer participation. Since 2016, women soccer participation in England 

has risen exponentially and amassed over 3.4 million players (139) and 30 million players 

worldwide.  However, research is yet to catch up, and there is still a limited amount of research 

investigating female soccer players (111).  

 

Previous research investigated the demands in female soccer and found that total 

distance ranged approximately from 9 km to 11.5 km, with high-speed running (>19.8 km.h-1) 

distances ranging between 344 m to 867 m (33). These physical demands are affected by 

playing position, for instance, the central midfielders cover a greater amount of distance, while 

central defenders cover the least amount of distance compared to other outfield positions (33). 

In addition, female players perform a variety of high-intensity actions, such as sprinting, 

changes of direction (COD) and jumping (115,124). The importance of high-intensity activities 

is consistently expressed within the soccer literature, with sprinting, jumping and COD 

activities observed to be performed every 4 seconds within a female professional soccer game, 

and therefore may occur more than 1000 times per match (100). Acceleration and deceleration 

actions are also very common within a game (86,132) and are well-known to be physiologically 

and mechanically demanding (11). Moreover, female players spend an approximate 4 – 7% of 

total running distance at sprinting speed during match-play (85,142),  (>25.2 km.h-1, 69 m to 

274 m) (33) and these high-intensity actions provide the basis of key tactical and technical 

actions in soccer such as overlapping attacking runs, counter-attacks, closing down opponents, 

and retaking possession, etc.(103), which highlight the importance of anaerobic metabolism in 

female soccer (58).   

 

In addition to the high demand for anaerobic activities, aerobic capacity is necessary to 

maintain activity and optimize recovery throughout the duration of play (136). During female 

professional matches, the average oxygen consumption is between 77-80% of maximal oxygen 

consumption (V̇O2max), peaking at 96% of V̇O2max (62,73). Great demand for aerobic capacity 

is required to allow players to repeatedly perform and recover between high-intensity efforts 

(105). Likewise, repeated high speed actions are possibly a key physical 
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component/determinant of soccer, due to the frequency of this intermittent action throughout a 

competitive match (46,47). It is suggested that the greatest periods of temporal fatigue in 

match-play follow the most intense bouts of high-speed running (48,101), therefore, possessing 

a combination of both aerobic capacity and repeated sprint ability allows a player to perform 

greater successive high-intensity movement with short rest intervals (147). It is also evident 

that strength and power are essential characteristics for soccer performances (138). Previous 

research has linked relative strength and performance variables such as the aforementioned 

sprinting, COD and jumping (49,72,145). These studies have highlighted that players who 

possessed a greater relative strength had a significantly greater sprinting, COD and jumping 

performance (143). These specific components of fitness can be key to determining the 

outcome of the match, therefore,  it is essential that training protocols are in place to adequately 

prepare the players for the aerobic, speed, agility, power and strength demands of the sport 

(143). Consequently, practitioners/coaches should incorporate testing and monitoring for each 

of these fitness components to help inform training program design and oversee player 

development. 

 

The identification of testing protocols that incorporate soccer specific physical capacities 

would allow female soccer players to accurately track fitness status, provide further 

information on their longitudinal improvements and be used to program training. Although a 

large amount of research has now been conducted on testing in soccer players, these 

investigations have primarily focused on male players (69,138). Consequently, this forces 

female athletes and their practitioners to rely on the guides and results of male literature (41). 

To the author’s knowledge, no review has evaluated the research studies that include both 

soccer performance and a female sample group. Therefore, the aim of this narrative review is 

to evaluate the presented literature on tests (aerobic, speed, changes of direction [COD], 

strength, power, jump and anthropometry) of the varied components of soccer and to draw 

attention to the most suitable protocols whilst using a female population. The results of this 

review could aid both practitioners and coaches to decide which tests meet the requirements of 

their environment, making their programs both specific and accurate.  

 

AEROBIC TESTS  

As stated previously, the demands of female soccer include a high aerobic component, 

highlighted by a coverage of between 9-11.5 km during matches (33). Therefore, the 

importance to measure and gain a greater insight into the aerobic capacity of players is key. 
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The gold standard method of assessment for aerobic fitness is a treadmill based V̇O2max 

protocol measuring expired air utilizing a metabolic cart (coefficient of variation [CV] = 1.2%) 

(125). Traditionally, V̇O2max assessments last approximately 10 – 15 mins in duration and 

consist of an incremental stepwise protocol, that increases speed and/or inclination. 

Assumptions of this test include a plateau of V̇O2 despite increasing workload, heart rate within 

10 beats/min of age predicted max, respiratory exchange > 1.15 (V̇CO2/V̇O2), and a blood 

lactate > 8 mmol (37).  

  

Due to the equipment cost, laboratory time and expertise required for the successful 

implementation of a gold standard test, field tests have now become more commonplace and 

grown in popularity within team sport settings providing an estimation of V̇O2max. Historically, 

the Multi Stage Fitness Test (or bleep test) (120), was designed to replicate a treadmill protocol 

with its continuous and incremental nature. Similar alternatives include the 12-minute Cooper 

run (30) and the University of Montreal Track Test (UMTT; (75)). The UMTT has a large 

correlation with V̇O2max, with a r = 0.96 and low standard error of estimate (SEE) of 2.8 

mL/kg/min (75). Despite this, there is a clear lack of validity when using continuous protocols 

to assess aerobic fitness in sports with an intermittent activity profile.   

  

Consequently, there has been a development of intermittent field based protocols, such as the 

Yo-yo intermittent test (6), including a recovery and endurance version, and the 30-15 

intermittent fitness test (27). The Yo-yo intermittent tests comprise of 2 x 20 m shuttle runs, 

followed by an active recovery period. The shuttle run speed must increase as the test 

progresses. An audio beep dictates the time allowed to complete the distance, shortening the 

time span as the test progresses. Total distance is recorded at the point where the individual is 

no longer able to maintain the required speed. The CV for the Yo-yo intermittent recovery test 

level 1 was observed to be 7.2% in a population (n=140) of elite female soccer players (35). 

Test scores may vary dramatically based on age and competition level, with values ranging 

from 710 ± 210 m in female U15 international players (119) to 1733 m (range: 1120 – 2200 

m) in female senior international players (127). The CV of the Yo-yo intermittent recovery test 

level 2 was = 4.2% in a sample of Premier League academy players (43).   

 

The 30-15 intermittent fitness test comprises of 30 s of continuous shuttle running interspersed 

with 15 s of passive recovery periods. Following each 45 s stage, the subsequent shuttle run 

speed increases by 0.5 km.h-1. The running velocity for the last completed stage is recorded as 
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the test outcome. The CV was recorded as 1.8% in a small sample of well-trained female soccer 

players (31), with a similar CV of 1.5% recorded for female professional futsal players (141). 

Test scores may range from 18.4 ± 1.0 km.h-1 for U17 female international players (84) to 20.1 

km.h-1 for senior international female players (126). Both the Yo-yo intermittent test and the 

30-15 intermittent fitness test appear to differentiate between age groups, with international 

senior female players achieving higher scores compared to their U15, U17 and U20 

counterparts (84,119).  

  

Both intermittent field based tests are commonly used in applied practice and research settings 

due to their high sensitivity (i.e., capacity to discriminate players of different levels as well as 

to be sensitive to small fitness changes), practicality and relevance compared to laboratory 

based protocols (23). Furthermore, the 30-15 intermittent fitness test offers additional benefits 

for training prescription as velocity represents the primary outcome measure, which can be 

manipulated to support training needs. Caution should be exhibited if interpreting results from 

the estimation of V̇O2max using different field-based tests, due to the varying outcome measures 

(i.e., speed vs. distance), and therefore results should not be used interchangeably and 

compared (Table 1).   

 

*** Table 1 here, please*** 

 

LINEAR AND REPEATED SPRINT TESTS  

The capacity to perform linear sprints in soccer plays an important role in the success of a team. 

Linear sprinting has been identified as the single most frequent locomotive action in goal 

situations performed by both scoring and assisting players (44). In addition, linear sprint 

capacity is crucial from a physical perspective, specifically, players need to be able to perform 

high intensity actions during matches (12), with previous research reporting a great amount of 

high-speed running during female soccer matches (33). Moreover, sprinting represent an 

important stimulus for neuromuscular adaptations, which could play a role in muscle injury 

prevention (83). This is specifically because of the mechanical load and characteristics muscle 

actions required during the terminal swing phase of the sprinting gait (12).  

From a testing perspective, the most common way to assess linear sprinting capacity is to use 

timing gates (correctly referred to as photocell timing systems), which can be placed at the 

distance that practitioners wish to assess. During a match, sprint distances typically range 

between 5 m and 30 m, therefore it would seem logical to use a distance within this range for 
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such assessments. However, in recent years, it was reported that longer distances (e.g., 40 m) 

allow for achieving higher sprint velocities (74), so practitioners should consider performing 

longer sprint tests to ensure they assess the peak speed of their athletes. Consequently, when 

practitioners are more interested in assessing the average sprinting capacity measuring time 

(e.g., from a standing position), it could be suggested to use a sprinting test between 5 to 30 m 

(CV range from 3.3% to 1.4%) (43), although the reliability for 5 m tests could be questionable 

in some cases. While, if the aim is to assess the peak speed, it would be recommended to use a 

longer track, e.g., 40 m. While timing gates allow for assessing time and average speed, they 

are not suitable to assess peak speed (since with them it is possible to assess only average 

speed), therefore global navigation satellite system (GNSS) could be used to assess such 

parameter during this test (12). Previous research has demonstrated that GNSS technology 

(which is capable of acquiring multiple satellite systems such as Global Positioning System, 

GLONASS, Galileo, BeiDou) provides the best possible positional information is valid and 

reliable (sprints from 5 to 30 m, CV = 3.28%) to assess linear peak speed (9,10,14), therefore, 

it can be used with confidence by practitioners working in female soccer. To facilitate reaching 

peak speed, players could start their test in motion, using for example a flying sprint test 

protocol (i.e., 10 m acceleration + 30 m sprint) (99). The knowledge of the peak speed allows 

practitioners, first, to understand the linear sprinting capacity of their players, second, to tailor 

speed training based on individual characteristics, and lastly, to individualize the sprinting 

threshold based on the peak speed recorded in the test (12). When analysing physical 

match/training performance, the sprinting threshold is commonly set at distance covered >25.2 

km.h-1 for all players, independent of their peak speed. However, this approach could 

underestimate or overestimate the actual load of each player. Consequently, the use of the peak 

speed to individualize the sprinting threshold (e.g., 80% peak speed) could be a suitable 

approach to avoid this issue (52). Although this practice is nowadays common among male 

football players, very limited information is currently available to women soccer players. 

 

During a soccer match, players need to repeatedly perform high-intensity actions, therefore 

coaches could be interested to assess the repeated sprinting ability (RSA) of their players (105). 

The literature reports a large amount of research on this topic (8,22,43,146), which highlight 

the ecological validity of RSA for both testing and training purposes. This is further supported 

by recent research with women soccer players that reports international players have 

significantly greater speed and lower repeated sprint ability (RSA mean time) than their non-

international counterparts (51). Although there are several RSA protocols used within the 
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literature, currently there is no existing gold standard. Therefore, we propose the use of one of 

the most common RSA protocols used in soccer, which is a 20 + 20 m shuttle (with a 180° 

COD), followed by a 20 s period of passive recovery (after each shuttle) repeated 6 times 

(7,68). The common parameters that this test offers are: best RSA time (CV = 1.3%), mean 

RSA time (CV = 0.8%) and RSA decrement (CV = 30.2%). Practitioners need to be aware that 

the mean RSA time is the parameter with the greatest absolute reliability, while RSA decrement 

is the least reliable (68). From an applied point of view, RSA tests can be used by practitioners 

to assess their players’ fitness level and, subsequently, individualized the training based on 

players’ test results. 

 

CHANGE OF DIRECTION TESTS  

In soccer, players need to perform multidirectional speed actions that “comprise linear speed, 

COD speed, curvilinear speed, contextual speed and agility, which each having unique 

physiological, biomechanical, and neurocognitive characteristics” as reported by McBurnie et 

al., (91). During games, players need to perform rapid COD for specific technical and tactical 

motivations, for instance,  to evade defenders in attack, as well as respond to an opponent’s (or 

the ball) movement and attempt to reduce their decision-making time in defense (3).  

Assessing COD speed can consist of simple pre-planned movements (90); whereas integrating 

an element into testing where players change direction in reaction to a stimulus  assesses agility 

(these two terms are sometimes and incorrectly used interchangeably). COD ability is 

considered the mechanical and physical basis for effective agility and is important to 

understand in isolation (131). COD ability has been found to be an important component of 

players testing and training programs as it can discriminate (both male and female) players of 

different playing standards (26,103) and it is important for the progression from youth to senior 

players (81). In addition, COD are common actions in the buildup to goal scoring situations 

(89) and are performed at regular intervals throughout match play (102). This helps us to 

understand the growing importance of COD speed in gaining an advantage over an opposition 

and can become a critical element for success, specifically for moving into space away from a 

defender to score a goal or following an opponent’s COD to block a shot or pass.  

 

Given the interest in player’ COD ability, studies assessing this physical component in high-

level female players are starting to materialize (42,78,96,103). Indeed, previous research by 

Stewart et al. (2014) who analyzed both male and female participants separately and pooled 
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(135), concluded that all COD tests completed in their investigation (Illinois, L-Run, Pro-

Agility, T-test, and 505) were found to have a high retest reliability and acceptable CV with 

only marginal differences between tests. Apart from the T-test, the CVs were lower within the 

female population compared to the males and ranged between 1.63% (i.e., L-run) to 2.29% 

(i.e., T-Test). Based on the similarity between COD tests and their high reliability, only one of 

them is needed to be completed by players and that the test chosen should be that which 

replicates the movement patterns of the sport best. In soccer, tests are required to be specific to 

the movement demands required during the game. For example, Morgan et al. (2021) identified 

that 78% COD within male academy players match play are <90°, decreasing the ecological 

validity of performing tests where turns are performed at 180° (i.e., 505-agility test) (102). 

Despite such information, currently there is no “gold standard” to assess either agility or COD 

speed in female or male players (76). This is because soccer related tests use differing angles 

of COD, sprint distance and volumes of sprints and shuttles, leading to variated test scores (i.e., 

1.0s in 505 test and 6.2s in Illinois) (42,55,79).  

Another point that is worth knowing is that although tests involve COD movements, the final 

scores are not due only to this ability, they encompass other physical components, for instance, 

linear sprinting (when distances are increased over 10 m) and physiological factors when 

repeated COD actions are performed (e.g., RSA test). Therefore, it is important to be aware of 

other physical components the test is potentially assessing, or undertake a test that best isolates 

COD speed and playing demands. In addition, a further measure that can be added to existing 

tests, such as the 505 test, is the COD deficit (108). This is a practical measure to isolate COD 

ability independent of sprint speed and other attributes.  

 

In addition to the tests reported above, the importance of deceleration capacity has received a 

lot of attention of late due to the high mechanical load that this locomotive activity imposes on 

the athlete (32). Indeed, a meta-analysis by Harper et al. (59) found that there is a greater 

frequency of high and very high intensity decelerations compared to accelerations in all team 

sports apart from American football. Moreover, the importance of decelerations (and 

accelerations) has been recently reported in a soccer-specific meta-analysis (132). With regards 

to testing protocols specifically for deceleration, there is less knowledge and direction for 

practitioners on how to assess this horizontal characteristic (16). Nevertheless, there is a novel 

protocol using an acceleration-deceleration ability test that measures maximal horizontal 

deceleration (60). The authors used a radar technology (data was averaged throughout the 
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deceleration phase) to assess horizonal braking force, power and impulse, which all provided 

good overall intra-day (CV = 5.1% to 5.7%) and inter-day reliability (CV = 8.9% to 9.3%), and 

sensitive to detect moderate changes in horizontal deceleration ability (61). However, the use 

of radar technology in soccer daily practice could be limited because of the cost of this device 

and the limited time available for testing, which is a common problem in professional soccer. 

 

Based on what said so far, it is clear that the scientific literature does not have a gold-standard 

test for the assessment of COD ability, therefore, it is recommended the practitioners/coaches 

determine which tests to undertake to appropriately utilize them as part of the training program 

design and talent identification process (See Table 2). 

 

 
*** Table 2 here, please*** 

 

 

STRENGTH TESTS  

Muscle strength testing protocols (absolute and relative to a person’s body weight) play an 

important role in players' needs analysis and for the following design of sport specific and 

individualized training programs, which in turn likely enhances future match performances 

(4,65,67,140). For example, by enhancing overall strength, the player is likely to move the ball 

more easily, battle opponents more forcefully and kick the ball further and harder (34). From 

a physical point of view, previous research reported that lower-limb strength training has a 

positive effect on agility, repeated sprinting with COD, lower limb peak power, and enhanced 

specific neuromuscular adaptations (57). Research has linked the relationships between relative 

strength and performance variables such as the  aforementioned sprinting and COD as well as 

jumping (29,113,137,145). Additionally, these studies have highlighted that players who 

possessed greater relative strength had a significantly greater sprinting and jumping 

performance. Indeed, strong correlations were found, albeit with male soccer players, with 

1RM and 10 m sprint times (r = 0.94), 30 m sprint times (r = 0.71), 10 m shuttle test (r = 0.68) 

and jump height (r = 0.78) (138). Furthermore, an in season strength training program resulted 

in an improvement in maximal back squat performance, which also demonstrated positive 

improvements to speed (5 m: r = 0.62; 10 m: r = 0.78; 20 m: r = 0.60) (130). These specific 

components of fitness can be key to determining the outcome of the full-time result by 

impacting actions such as running through on goal and scoring, jumping for a header or save 
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and even turning a player to evade or tackle them. Therefore, it is essential for a 

practitioner/coach to incorporate testing for these components of fitness to help inform training 

program design. These can, and should, be reinforced with strength tests, which in turn should 

be shown to be valid and reliable in female populations. These would span from 1 RM testing 

to isometric and eccentric contraction testing as well as the gold-standard of isokinetic 

dynamometry (15,20). These tests previously reported an excellent level of test–retest 

reliability (intraclass correlation coefficients [ICC] = 0.93–0.95) and an acceptable level of 

technical error of measurement (around 4–5%) (13). One recent study has examined muscular 

strength measured via use of the isometric midthigh pull throughout a season in elite youth 

female soccer players though this is the extent of such relevant research (42). Within the study 

the isometric midthigh pull peak force ICC and CV were 0.93 and 3.6%, respectively. Because 

of its practicality and reliability, this test can give insights for the design of strength and 

conditioning program to practitioners.  

 

Few articles have investigated strength in female soccer, suggesting certainty around the 

attribute with specific regard to the sport is very limited at this time (110,113). despite there 

being some reference data for other measures (i.e., countermovement jump (CMJ) height, 

sprint performance, and aerobic fitness) (36), research on strength measures in female 

populations is quite limited. Furthering our understanding in this area is of great importance as 

it has been shown in male soccer players that understanding lower-limb muscle strength testing 

could be used to evaluate possible inference on injury prevention and performance (15). If this 

is also true for female players, then the importance of strength testing could not be clearer. In 

addition, it has been shown previously that strength testing via isokinetic assessment has the 

ability to differentiate level of male soccer players (15). Again, this suggests determining if the 

same is true for female players could be very valuable for talent identification and training 

purposes. Since the current evidence are quite limited, future research needs to investigate if 

the lower limb strength tests that are currently used in male soccer can be used also with female 

soccer players. Future research could verify the validity and reliability of the most common 

tests enrolling female samples before their implementation into soccer teams and respective 

academies. These tests should be capable to help talent identification procedures, performance 

increment (since these parameters will be used for training decision making), and injury 

prevention (42). 

 

LOWER-LIMB POWER AND JUMP TESTS 
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For female soccer players, the ability to produce powerful actions from the lower limbs is an 

essential aspect of sport specific physical performance (50,54). Lower-limb power is a 

prerequisite of speed and agility performance (92,94), which can influence players’ capacity to 

respond to critical situations within match play such as increased linear or COD speed to score 

or defend a goal (89). In addition, lower limb power is essential for the demands of the game 

since female players change the intensity of activity 1326-1379 times per match as well as 

performing 125-154 and 20-27 high intensity runs and sprints with distances totaling between 

1300-1680 m and 250-460 m, respectively (5,100). As reported, the high-intensity nature of 

the female’s game is evolving (24), with a growing importance of developing lower-limb 

power for success of soccer players. Finally, lower limb power and jump performance are 

considered integral parts of soccer match performance, with relative aerial duels won found to 

be an important contributor to match outcome in elite female soccer (70). Jumping has also 

been shown to be a common action in goal scoring situations (44,89). This is supported by the 

fact that 24% of goals scored in the Australian W-League were the result of a cross from wide 

areas (87).  

 

Jump testing is commonly used in field settings to provide an estimation of a player’s lower 

limb muscular capacity. This is highlighted by jump power testing performance significantly 

correlating  (r = 0.70-0.93) to speed and agility test performances (109). In practical settings, 

there are several types of jump tests commonly employed. These include, the CMJ, squat jump, 

drop jump and broad jump. Countermovement jumps (with hands placed on the hips) 

performed on a force platform has been suggested to be the most valid and reliable for isolated 

lower-limb power (53). Countermovement and drop jumps are stretch-shortening cycle (SSC) 

movements, which involve a high-intensity eccentric contraction immediately prior to a rapid 

concentric contraction (66), whereas the squat jump assesses the capability to rapidly develop 

force solely during a concentric movement (95). The broad jump requires the individual to 

propel themselves horizontally (17), whereas the CMJ, squat jump and drop jump are 

concerned with vertical movement (18,110). Typically, the CMJ appears to be the most 

prevalent jump test in the literature which is likely due to the ease of assessment and minimal 

athlete familiarization (40). The exact protocol often varies, with some studies permitting 

individuals to use an arm swing (133), whereas others stipulated a fixed arm position whilst 

jumping (130). Research has shown that jump height is higher when adopting an arm swing, 

yet there is good to excellent inter-session reliability for such protocols (0.82-0.97 ICC) 

(13,134). The reliability of the CMJ (highest jump height recorded to the nearest 0.1 cm) has 
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been assessed in elite female soccer players (140 national team players, age range: 12-33 years) 

reporting a good test-retest CV was 3.9% (95% CI, 3.4% to 4.3 %) (35). Countermovement 

jump performance has been shown to differentiate between standards of competition, with 

National team players outperforming their First division and junior elite counterparts by 8% 

(Cohen’s d = 0.6) and 9% (Cohen’s d = 0.5) respectively in jump height (63). Predicted 

reference centiles for CMJ performance in National team female players have previously been 

reported and provide a useful benchmark for performance (36). The authors present an example 

of a players who achieved a score of 27 cm at 17 years old, which improves to 35 cm at 21 

years old, resulting in the player moving from the 25th centile to the 75th centile. This reference 

data, albeit from only one National association, is a simplistic tool to track progress of players 

over time. In addition, horizontal jumps can be used to assess power in a different plane of 

movement, although research of this on female players is limited to the distance of a triple hop 

test with arm swing, it is strongly correlated to CMJ (r = 0.834) (56). While these methods 

seem relatively simple to perform, there is huge variability in the protocol used for the tests 

performed. Such rigor of the test protocol used can have huge impact on the results and it is 

difficult to make comparisons between the two protocols (64). In addition to the test performed, 

there is also large variability in the equipment/technology used to assess lower limb power and 

jump performance with assessments been taken utilizing manual measurement (56), timing mat 

(28), mobile application (116), video assessment (77), accelerometers (25), and linear encoder 

to estimate a force-velocity curve (128). Therefore, the practitioner should consider the aim of 

the testing session when contemplating which lower limb test(s) and technology to employ 

(See Table 3). Moreover, it is important when testing lower-limb power to utilize a ‘best 

practice’ in terms of equipment (i.e., best equipment available) and standardized protocol with 

the same technology equipment (66,117,118).   

 

*** Table 3 here, please*** 

 

It is generally accepted that force platforms are considered the gold standard for jump testing, 

as they provide force-time data which enables a more detailed interpretation of any mechanistic 

changes which may result in an increase or decrease in performance, i.e., jump height or power 

(93). That said, force platforms may not be accessible or feasible in all performance settings, 

therefore, field-based testing equipment (e.g., jump mat or optoelectronic devices) provide a 

realistic alternative and estimate jump height from flight time (36,114). Further, with the 

development of technology and potential financial restrictions with female soccer, a recent 
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investigation validated a smartphone application (My Jump Lab), which was shown as both a 

valid and reliable means of measuring CMJ (r = 0.98) (21), which may add to the availability 

of methods to collect lower limb power. 

 

ANTHROPOMETRY  

A favorable anthropometric profile is viewed as an advantageous characteristic during 

locomotor activities including specific technical skills required for sport (97,122), with positive 

profiles including low levels of fat mass (FM) allied with high levels of fat free mass (FFM). 

Assessment of body composition provides a broad measure of fitness that may be useful for 

the determination of athletic status and for monitoring progression/effectiveness of injury 

rehabilitation, dietary and training interventions (2,38,98). Anthropometric observations, 

including body mass (BM) and percentage body fat (%BF), within female soccer have 

highlighted differences between elite and non-elite players (129), providing a rationale for 

assessments. Furthermore, from a health perspective, a desire to maintain a low BM or %BF 

may lead to calorie restriction and a low energy availability which can impair bone health and 

result in suboptimal menstrual function (107). This would be indicative of the Female Athlete 

Triad or Relative Energy Deficit (REDs), which has detrimental health implications if not 

addressed (1). Therefore, caution should be taken when obtaining and translating results from 

anthropometric assessments.  

 

There are a variety of methods available for the measurement of body composition, with the 

only direct method being the cadaveric dissection, which is obviously not appropriate. 

Therefore, indirect methods have been developed and include dual-energy X-ray 

absorptiometry (DXA), skinfold thickness, hydrodensitometry, air displacement 

plethysmography and ultrasound. Further, doubly in-direct methods that use predictive 

regression equations are available. These include bioelectric impedance, 3D photonic scanning, 

and estimations for %BF from ultrasound and skinfold thickness measures. DXA is the method 

purported to be the most valid for body composition assessment as no gold standard currently 

exists in free living individuals (71). The method provides measures of FM, FFM, %BF, bone 

mineral content and density, but found primarily in clinical settings making them difficult for 

teams to regularly utilize in addition to the high cost of use (45,104). DXA is valid and reliable 

for assessing body composition in team sport athletes (123), with low co-efficient of variation 

for both FFM (CV = 0.5–0.6%) and bone mineral content (CV = 2.2–2.3%), although less 
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accurate when assessing fat mass in lean athletes, DXA has greater validity and reliability than 

similar estimates derived from BIA and skinfolds (19).  

 

Compared to elite male soccer teams, monetary investment in elite female soccer is 

significantly lower, therefore, it is unlikely many female teams have access to DXA. 

Consequently, a cheaper, accurate alternative method of assessing body composition, such as 

skinfold thickness, may be more applicable for this population. Skinfold measures are an 

indirect measure if used to produce a sum of the sites measured, primarily referring to the sum 

measured in mm’s for eight sites (biceps, triceps, subscapular, iliac crest, supraspinale, 

abdominal, anterior thigh and medial calf), advocated by The International Society for the 

Advancement of Kinanthropometry (88). This method is more cost effective, more accessible 

than DXA and other methods, and commonly used in applied settings (112). However, many 

practitioners and coaches will utilize doubly indirect methods to calculate %BF, but limitations 

and caution exist as over one hundred anthropometric equations have been developed, with 

varying reliability depending on the populations on which they are developed (80). Indeed, 

Doran et al. (39) encourage the use of an absolute skinfold thickness as their findings, albeit in 

a male team sport population, failed to predict %BM with DXA within an accepted ±3.5% 

utilizing doubly in-direct equations. Nonetheless, a specific calculation for senior male soccer 

players utilizing 4 sites (anterior thigh, abdominal, triceps and medial calf) was developed by 

Reilly et al. (122) that accounted for 78% of the variance in DXA criterion values. No specific 

calculation for senior female players exist, though equations are available for adolescent 

players for both sexes that present no differences and no trend regression line when compared 

with DXA accounting for 86% variance in DXA %BF (82).  

  

In light of the limitations and potential inaccuracies calculating %BF from skinfold thickness, 

recommendations by Reilly et al. (122) to use the sum of the eight sites for skinfold 

measurements still hold true today and supported with a contemporary review (71). Additional 

verification within a recent female soccer review (121) support the rationalization from Nana 

et al. (106), suggesting where appropriate DXA or the ISAK method of skinfold thickness (sum 

of 8) should be employed. If the use of DXA is an option then this method may be prioritized, 

as an advantage over skinfold thickness is the improved accuracy and importantly the 

additional measures on bone health. However, one caveat on the use of the DXA may be the 

legal and ethical issues with regards to the dose of radiation that is emitted, even though this is 

a small amount when compared to other devices that emit radiation in healthcare [119]. If 
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monthly anthropometric measurements are required, then the ISAK sum of eight should be 

recommended, as there is concern over the number of DXA scans that individuals should 

receive, and importantly within the female population it is inappropriate to scan females who 

may be pregnant. Therefore, it may be recommended that DXA is used annually or bi-annually 

for measures on bone health, with the ISAK sum of 8 used throughout the season for body 

composition. 

 

LIMITATIONS AND FUTURE DIRECTIONS  

This review is not without limitation, first, it is not a systematic review of the existing literature. 

Although the authors have summarized the current evidence and reported several papers to the 

best of their abilities, it is not possible to state that all existing studies have been reported. 

Because of the nature of this review, some specific and rigorous aspects of a systematic review 

have not been used, specifically, search terms, databases used, and inclusion and exclusion 

criteria. Second, much research has been conducted so far on male soccer players, while much 

less involved on female players. Therefore, the literature on tests and their consequent use are 

strongly influenced by what has been completed with their male counterpart. More research is 

needed to verify if tests used with male players are suitable to assess the female counterpart. 

Third, because of the limited existing literature on female soccer, it is not possible to fully 

understand the test reliability (i.e., CV and ICC) of all used assessment protocols. Reliability 

(e.g., test – retest) plays a paramount role for the selection of the test protocols, as well as help 

to accurately create target scores for players, therefore, more research around this area is 

needed. Fourth, we have some practical limitations that affect our comprehension of physical 

demands in female soccer; specifically, the match demands reported in some studies do not 

always use the same intensity categorization, for example, high-speed running and sprinting 

distances are commonly reported as distanced covered above >19.8 km.h-1 and >25.2 km.h-1, 

however, other studies used different cut-off which complicate the comparison among studies, 

e.g., high-speed running (>14.4 km.h-1), zone 4 distance (19-23 km.h-1) and zone 5 distance 

(>23 km.h-1). Fifth, although RSA and COD capacities are considered important for female 

soccer players, we currently do not have “gold standard” protocols. Therefore, researchers and 

practitioners have currently used a quite large variety of tests, which complicates the 

comparison among studies. Finally, female soccer teams have usually a lower budget compared 

to their male counterpart; therefore, it is unlikely many female players have access to DXA, so 

practitioners should use ISAK method of skinfold thickness (sum of 8) although its accuracy, 
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test-retest reliability and inter-operator reliability is lower, and it does not offer information 

about bone health. 

 

PRACTICAL APPLICATIONS 

The aim of this narrative review was to evaluate all the presented literature on tests of the varied 

components of female soccer, to draw attention to the most reliable and valid protocols to use 

in practice.  

 

• From an aerobic point of view, the gold standard method of assessment for fitness is a 

treadmill based V̇O2max protocol measuring expired air utilizing a metabolic cart 

(duration approximately 10 – 15 mins).  However, this test is expensive and time 

consuming, therefore, field tests have now become more commonplace. The two most 

common field tests are: the Yo-yo intermittent test (level 1 and 2) comprised of 2 x 20 

m shuttle runs, followed by an active recovery period, and the 30-15 intermittent fitness 

test. Both appear to differentiate between age groups and female players of different 

levels.  

 

• The sprinting performance can be assessed on distances ranging from 5 m to 30 m using 

a photocell timing system. However, longer distances (e.g., 40 m) allow for achieving 

higher sprint velocities and frequent peak speed (e.g., flying sprint test), which can be 

assessed using GNSS. RSA capacity can be assessed using a 20 + 20 m shuttle test 

(with a 180° COD), followed by a 20 s period of passive recovery, repeated 6 times.  

 

• COD has been found to be an important component of players testing and training 

programs as it can differentiate playing standards and it is important for the progression 

from youth to senior players. However, there is no “gold standard” to assess COD 

performance in female players, therefore, practitioners are invited (by the authors of 

this review) to use the 505 COD test (42) and Illinois COD test (135), which have been 

reported as valid and reliable tests. Practitioners need to have consistency in testing 

environments (e.g., floor surface) in order to limit the impact of confounding factors. 

 

• Lower limb strength and power are closely associated with speed and agility 

performances. Lower limb performance can be assessed using a CMJ test on a force 
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platform (which is valid and reliable). A range of technologies and equipment exist that 

can support and be used to assess lower limb power at lower cost such as timing mat, 

mobile application, video assessment, accelerometer, and linear encoder to estimate a 

force-velocity curve. In practical settings there are several types of jump tests 

commonly employed: the CMJ, squat jump, drop jump, and broad jump. Jump tests are 

commonly scrutinized bilaterally but on occasion, unilateral tests may also be 

conducted, e.g., a triple hop test with arm swing. Jump capacity can be assessed using 

force platforms, jump mats, optoelectronic devices, video cameras, accelerometers, 

linear position transducers, and jump and reach devices. Practitioners should use the 

same protocol and same assessment tools so that they can monitor changes over time 

without adding possible confounding factors.  

• Several in-direct tests are currently available for assessing anthropometry parameters 

such as DXA, skinfold thickness, hydrodensitometry, air displacement 

plethysmography, and ultrasound. DXA is the most valid and reliable method for 

assessing body composition in team sport athletes, although regular testing using these 

devices are questionable. Doubly in-direct methods are also available and include 

bioelectric impedance, 3D photonic scanning, and estimations for %BF from 

ultrasound and skinfold thickness measures. These methods use predictive regression 

equations, therefore for ecological reasons the ISAK sum of 8 measures collected by 

the same practitioner may be the best compromise.  

• In conclusion, the evidence reported in this review will be able to aid, practitioners, 

coaches and researchers to decide which tests meet the requirements of their 

environment (e.g., ecological validity and reliability scores such as CV and ICC), 

making their programs both specific and accurate. 

 

References 

1.  Ackerman, KE, Stellingwerff, T, Elliott-Sale, KJ, Baltzell, A, Cain, M, Goucher, K, et 

al. #REDS (Relative Energy Deficiency in Sport): time for a revolution in sports 

culture and systems to improve athlete health and performance. Br J Sports Med 54: 

369–370, 2020.Available from: https://bjsm.bmj.com/lookup/doi/10.1136/bjsports-

2019-101926 

2.  Ackland, TR, Lohman, TG, Sundgot-Borgen, J, Maughan, RJ, Meyer, NL, Stewart, 

AD, et al. Current status of body composition assessment in sport. Sport Med 42: 227–



 19 

249, 2012.Available from: http://link.springer.com/10.2165/11597140-000000000-

00000 

3.  Ade, J, Fitzpatrick, J, and Bradley, PS. High-intensity efforts in elite soccer matches 

and associated movement patterns, technical skills and tactical actions. Information for 

position-specific training drills. J Sports Sci 34: 2205–2214, 2016.Available from: 

https://www.tandfonline.com/doi/full/10.1080/02640414.2016.1217343 

4.  Andersen, E, Lockie, R, and Dawes, J. Relationship of Absolute and Relative Lower-

Body Strength to Predictors of Athletic Performance in Collegiate Women Soccer 

Players. Sports , 2018. 

5.  Andersson, HÅ, Randers, MB, Heiner-Møller, A, Krustrup, P, and Mohr, M. Elite 

female soccer players perform more high-intensity running when playing in 

international games compared with domestic league games. J Strength Cond Res 24: 

912–919, 2010.Available from: https://journals.lww.com/00124278-201004000-00004 

6.  Bangsbo, J, Iaia, FM, and Krustrup, P. The Yo-Yo intermittent recovery test : a useful 

tool for evaluation of physical performance in intermittent sports. Sports Med 38: 37–

51, 2008.Available from: http://www.ncbi.nlm.nih.gov/pubmed/18081366 

7.  Beato, M, Bianchi, M, Coratella, G, Merlini, M, and Drust, B. A single session of 

straight line and change-of-direction sprinting per week does not lead to different 

fitness improvements in elite young soccer players. J strength Cond Res Ahead of 

print, 2019.Available from: http://www.ncbi.nlm.nih.gov/pubmed/31490427 

8.  Beato, M, Coratella, G, Bianchi, M, Costa, E, and Merlini, M. Short-term repeated-

sprint training (straight sprint vs. changes of direction) in soccer players. J Hum Kinet 

70: 183–190, 2019.Available from: 

https://content.sciendo.com/view/journals/hukin/70/1/article-p183.xml 

9.  Beato, M, Coratella, G, Stiff, A, and Dello Iacono, A. The validity and between-unit 

variability of GNSS units (STATSports Apex 10 and 18 Hz) for measuring distance 

and peak speed in team sports. Front Physiol 9: 1288, 2018.Available from: 

https://www.frontiersin.org/articles/10.3389/fphys.2018.01288/abstract 

10.  Beato, M, Devereux, G, and Stiff, A. Validity and reliability of global positioning 

system units (STATSports Viper) for measuring distance and peak speed in sports. J 

Strength Cond Res 32: 2831–2837, 2018.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/30052603 

11.  Beato, M and Drust, B. Acceleration intensity is an important contributor to the 

external and internal training load demands of repeated sprint exercises in soccer 



 20 

players. Res Sport Med 29: 67–76, 2021.Available from: 

https://www.tandfonline.com/doi/full/10.1080/15438627.2020.1743993 

12.  Beato, M, Drust, B, and Dello Iacono, A. Implementing high-speed running and 

sprinting training in professional soccer. Int J Sports Med , 2020.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/33291180 

13.  Beato, M, Fleming, A, Coates, A, and Dello Iacono, A. Validity and reliability of a 

flywheel squat test in sport. J Sports Sci 00: 1–7, 2020.Available from: 

https://doi.org/10.1080/02640414.2020.1827530 

14.  Beato, M and De Keijzer, KL. The inter-unit and inter-model reliability of GNSS 

STATSports Apex and Viper units in measuring peak speed over 5, 10, 15, 20 and 30 

meters. Biol Sport 36: 317–321, 2019. 

15.  Beato, M, Young, D, Stiff, A, and Coratella, G. Lower-limb muscle strength, anterior-

posterior and inter-limb asymmetry in professional, elite academy and amateur soccer 

players. J Hum Kinet 77: 135–146, 2021.Available from: 

https://www.sciendo.com/article/10.2478/hukin-2020-0058 

16.  Bezodis, IN, Kerwin, DG, and Salo, AIT. Lower-limb mechanics during the support 

phase of maximum-velocity sprint running. Med Sci Sports Exerc 40: 707–15, 

2008.Available from: http://www.ncbi.nlm.nih.gov/pubmed/18317373 

17.  Bianchi, M, Anderson, L, Brownlee, T, Bossi, L, and Beato, M. The effect of two 

sessions of combined jump and sprint training per week on fitness parameters in soccer 

players. A randomized controlled trial. Biol Sport , 2023.Available from: 

https://www.termedia.pl/doi/10.5114/biolsport.2023.119287 

18.  Bianchi, M, Coratella, G, Dello Iacono, A, and Beato, M. Comparative effects of 

single vs. double weekly plyometric training sessions on jump, sprint and change of 

directions abilities of elite youth football players. J Sports Med Phys Fitness 59: 910–

915, 2019.Available from: http://www.ncbi.nlm.nih.gov/pubmed/30160086 

19.  Bilsborough, JC, Greenway, K, Opar, D, Livingstone, S, Cordy, J, and Coutts, AJ. The 

accuracy and precision of DXA for assessing body composition in team sport athletes. 

J Sports Sci 32: 1821–1828, 2014.Available from: 

http://www.tandfonline.com/doi/abs/10.1080/02640414.2014.926380 

20.  Bishop, C, Coratella, G, and Beato, M. Intra- and Inter-limb Strength asymmetry in 

soccer: a comparison of professional and under-18 players. Sports 9: 129, 

2021.Available from: https://www.mdpi.com/2075-4663/9/9/129 

21.  Bishop, C, Jarvis, P, Turner, A, and Balsalobre-Fernandez, C. Validity and reliability 



 21 

of strategy metrics to assess countermovement jump performance using the newly 

developed My Jump Lab smartphone application. J Hum Kinet 83: 185–195, 

2022.Available from: https://www.sciendo.com/article/10.2478/hukin-2022-0098 

22.  Bishop, D, Girard, O, and Mendez-Villanueva, A. Repeated-sprint ability - part II: 

recommendations for training. Sport Med 41: 741–56, 2011.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21846163 

23.  Bok, D and Foster, C. Applicability of field aerobic fitness tests in soccer: which one 

to choose? J Funct Morphol Kinesiol 6, 2021.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/34449680 

24.  Bradley, P and Scott, D. Physical analysis of the FIFA women’s world cup France 

2019TM. FIFA.com https://www.fifa.com/tournaments/womens/womensworl, 2019. 

25.  Brown, N, Bichler, S, Fiedler, M, and Alt, W. Fatigue detection in strength training 

using three-dimensional accelerometry and principal component analysis. Sport 

Biomech 15: 139–150, 2016.Available from: 

http://dx.doi.org/10.1080/14763141.2016.1159321 

26.  Brughelli, M, Cronin, J, Levin, G, and Chaouachi, A. Understanding change of 

direction ability in sport. Sport Med 38: 1045–1063, 2008.Available from: 

http://link.springer.com/10.2165/00007256-200838120-00007 

27.  Buchheit, M. The 30-15 intermittent fitness test: Accuracy for individualizing interval 

training of young intermittent sport players. J Strength Cond Res 22: 365–374, 

2008.Available from: https://journals.lww.com/00124278-200803000-00007 

28.  Campo, SS, Vaeyens, R, Philippaerts, RM, Redondo, JC, de Benito, AM, and 

Cuadrado, G. Effects of lower-limb plyometric training on body composition, 

explosive strength, and kicking speed in female soccer players. J Strength Cond Res 

23: 1714–1722, 2009.Available from: https://journals.lww.com/00124278-200909000-

00013 

29.  Comfort, P, Stewart, A, Bloom, L, and Clarkson, B. Relationships between strength, 

sprint, and jump performance in well-trained youth soccer players. J strength Cond 

Res 28: 173–7, 2014.Available from: http://www.ncbi.nlm.nih.gov/pubmed/23542878 

30.  Cooper, KH. A means of assessing maximal oxygen intake. Correlation between field 

and treadmill testing. JAMA 203: 201–4, 1968.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/5694044 

31.  Čović, N, Jelešković, E, Alić, H, Rađo, I, Kafedžić, E, Sporiš, G, et al. Reliability, 

validity and usefulness of 30–15 intermittent fitness test in female soccer players. 



 22 

Front Physiol 7, 2016.Available from: 

http://journal.frontiersin.org/article/10.3389/fphys.2016.00510/full 

32.  Dalen, T, Jørgen, I, Gertjan, E, Geir Havard, H, and Ulrik, W. Player load, 

acceleration, and deceleration during forty-five competitive matches of elite soccer. J 

Strength Cond Res 30: 351–359, 2016.Available from: 

https://journals.lww.com/00124278-201602000-00008 

33.  Datson, N, Drust, B, Weston, M, Jarman, IH, Lisboa, PJ, and Gregson, W. Match 

physical performance of elite female soccer players during international competition. J 

strength Cond Res 31: 2379–2387, 2017.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/27467514 

34.  Datson, N, Hulton, A, Andersson, H, Lewis, T, Weston, M, Drust, B, et al. Applied 

physiology of female soccer: an update. Sports Med 44: 1225–40, 2014.Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/24803162 

35.  Datson, N, Lolli, L, Drust, B, Atkinson, G, Weston, M, and Gregson, W. Inter-

methodological quantification of the target change for performance test outcomes 

relevant to elite female soccer players. Sci Med Footb 6: 248–261, 2022.Available 

from: https://www.tandfonline.com/doi/full/10.1080/24733938.2021.1942538 

36.  Datson, N, Weston, M, Drust, B, Atkinson, G, Lolli, L, and Gregson, W. Reference 

values for performance test outcomes relevant to English female soccer players. Sci 

Med Footb , 2022.Available from: 

https://www.tandfonline.com/doi/full/10.1080/24733938.2022.2037156 

37.  Davison, R.C.R., Smith, PM, Hopker, J, Price, MJ, Hettinga, F, Tew, G, et al. Sport 

and Exercise Physiology Testing Guidelines: Volume I – Sport Testing. The British 

Association of Sport and Exercise Sciences Guide (2nd ed.). Routledge, 2022. 

38.  Devlin, BL, Kingsley, M, Leveritt, MD, and Belski, R. Seasonal changes in soccer 

players’ body composition and dietary intake practices. J Strength Cond Res 31: 3319–

3326, 2017.Available from: https://journals.lww.com/00124278-201712000-00010 

39.  Doran, D, Mc Geever, S, Collins, K, Quinn, C, McElhone, R, and Scott, M. The 

validity of commonly used adipose tissue body composition equations relative to dual 

energy x-ray absorptiometry (DXA) in Gaelic games players. Int J Sports Med 35: 95–

100, 2013.Available from: http://www.thieme-connect.de/DOI/DOI?10.1055/s-0033-

1333693 

40.  Dugdale, JH, Arthur, CA, Sanders, D, and Hunter, AM. Reliability and validity of 

field-based fitness tests in youth soccer players. Eur J Sport Sci 19: 745–756, 



 23 

2019.Available from: http://www.ncbi.nlm.nih.gov/pubmed/30589378 

41.  Emmonds, S, Heyward, O, and Jones, B. The challenge of applying and undertaking 

research in female sport. Sport Med - Open 5: 51, 2019.Available from: 

https://sportsmedicine-open.springeropen.com/articles/10.1186/s40798-019-0224-x 

42.  Emmonds, S, Sawczuk, T, Scantlebury, S, Till, K, and Jones, B. Seasonal changes in 

the physical performance of elite youth female soccer players. J strength Cond Res , 

2018.Available from: http://www.ncbi.nlm.nih.gov/pubmed/30358700 

43.  Enright, K, Morton, J, Iga, J, Lothian, D, Roberts, S, and Drust, B. Reliability of “in-

season” fitness assessments in youth elite soccer players: a working model for 

practitioners and coaches. Sci Med Footb 2: 177–183, 2018.Available from: 

https://www.tandfonline.com/doi/full/10.1080/24733938.2017.1411603 

44.  Faude, O, Koch, T, and Meyer, T. Straight sprinting is the most frequent action in goal 

situations in professional football. J Sports Sci 30: 625–631, 2012. 

45.  Fornetti, WC, Pivarnik, JM, Foley, JM, and Fiechtner, JJ. Reliability and validity of 

body composition measures in female athletes. J Appl Physiol 87: 1114–1122, 

1999.Available from: https://www.physiology.org/doi/10.1152/jappl.1999.87.3.1114 

46.  Gabbett, TJ. The development of a test of repeated-sprint ability for elite women’s 

soccer players. J Strength Cond Res 24: 1191–1194, 2010.Available from: 

https://journals.lww.com/00124278-201005000-00005 

47.  Gabbett, TJ, Wiig, H, and Spencer, M. Repeated high-intensity running and sprinting 

in elite women’s soccer competition. Int J Sports Physiol Perform 8: 130–138, 

2013.Available from: 

https://journals.humankinetics.com/view/journals/ijspp/8/2/article-p130.xml 

48.  Glaister, M. Multiple sprint work: physiological responses, mechanisms of fatigue and 

the influence of aerobic fitness. Sport Med 35: 757–777, 2005.Available from: 

http://link.springer.com/10.2165/00007256-200535090-00003 

49.  Gonçalves, L, Clemente, FM, Barrera, JI, Sarmento, H, González-Fernández, FT, 

Palucci Vieira, LH, et al. Relationships between fitness status and match running 

performance in adult women soccer players: a cohort study. Medicina (B Aires) 57: 

617, 2021.Available from: https://www.mdpi.com/1648-9144/57/6/617 

50.  González-Fernández, FT, García-Taibo, O, Vila, M, Nobari, H, and Clemente, FM. 

Evolution of determinant factors of maximal sprinting and repeated sprint ability in 

women soccer players. Sci Rep 12: 10633, 2022.Available from: 

https://www.nature.com/articles/s41598-022-13241-x 



 24 

51.  Griffin, J, Horan, S, Keogh, J, Dodd, K, Andreatta, M, and Minahan, C. Contextual 

factors influencing the characteristics of female football players. J Sports Med Phys 

Fitness 61: 218–232, 2021.Available from: 

https://www.minervamedica.it/index2.php?show=R40Y2021N02A0218 

52.  Gualtieri, A, Rampinini, E, Sassi, R, and Beato, M. Workload monitoring in top-level 

soccer players during congested fixture periods. Int J Sports Med ahead of print, 2020. 

53.  Guppy, SN, Kotani, Y, Lake, JP, Latella, C, Wilkie, JC, Kendall, KL, et al. The 

agreement between a portable contact-mat and force-plates during bilateral vertical 

jumps. Int J Exerc Sci 15: 632–644, 2022.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/35989700 

54.  Guthrie, B, Fields, JB, Thompson, B, and Jones, MT. Physical performance 

assessments of strength and power in women collegiate athletes. Int J Exerc Sci 14: 

984–993, 2021.Available from: http://www.ncbi.nlm.nih.gov/pubmed/34567381 

55.  Hachana, Y, Chaabène, H, Ben Rajeb, G, Khlifa, R, Aouadi, R, Chamari, K, et al. 

Validity and reliability of new agility test among elite and subelite under 14-soccer 

players. PLoS One 9: e95773, 2014.Available from: 

https://dx.plos.org/10.1371/journal.pone.0095773 

56.  Hamilton, RT, Shultz, SJ, Schmitz, RJ, and Perrin, DH. Triple-hop distance as a valid 

predictor of lower limb strength and power. J Athl Train 43: 144–151, 2008. 

57.  Hammami, M, Negra, Y, Billaut, F, Hermassi, S, Shephard, RJ, and Chelly, MS. 

Effects of lower-limb strength training on agility, repeated sprinting with changes of 

direction, leg peak power, and neuromuscular adaptations of soccer players. J Strength 

Cond Res , 2018. 

58.  Harkness-Armstrong, A, Till, K, Datson, N, and Emmonds, S. Whole and peak 

physical characteristics of elite youth female soccer match-play. J Sports Sci 39: 1320–

1329, 2021.Available from: 

https://www.tandfonline.com/doi/full/10.1080/02640414.2020.1868669 

59.  Harper, DJ, Carling, C, and Kiely, J. High-intensity acceleration and deceleration 

demands in elite team sports competitive match play: a systematic review and meta-

analysis of observational studies. Sport Med 49: 1923–1947, 2019.Available from: 

http://link.springer.com/10.1007/s40279-019-01170-1 

60.  Harper, DJ, Jordan, AR, and Kiely, J. Relationships between eccentric and concentric 

knee strength capacities and maximal linear deceleration ability in male academy 

soccer players. J Strength Cond Res 35: 465–472, 2021.Available from: 



 25 

https://journals.lww.com/10.1519/JSC.0000000000002739 

61.  Harper, DJ, Morin, J-B, Carling, C, and Kiely, J. Measuring maximal horizontal 

deceleration ability using radar technology: reliability and sensitivity of kinematic and 

kinetic variables. Sport Biomech 1–17, 2020.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/32731845 

62.  Haugen, TA, Tønnessen, E, Hem, E, Leirstein, S, and Seiler, S. VO2max 

characteristics of elite female soccer players, 1989–2007. Int J Sports Physiol Perform 

9: 515–521, 2014.Available from: 

https://journals.humankinetics.com/view/journals/ijspp/9/3/article-p515.xml 

63.  Haugen, TA, Tønnessen, E, and Seiler, S. Speed and countermovement-jump 

characteristics of elite female soccer players, 1995–2010. Int J Sports Physiol Perform 

7: 340–349, 2012.Available from: 

https://journals.humankinetics.com/view/journals/ijspp/7/4/article-p340.xml 

64.  Heishman, AD, Daub, BD, Miller, RM, Freitas, EDS, Frantz, BA, and Bemben, MG. 

Countermovement jump reliability performed with and without an arm swing in 

NCAA division 1 intercollegiate basketball players. J Strength Cond Res 34: 546–558, 

2020.Available from: https://journals.lww.com/10.1519/JSC.0000000000002812 

65.  Hoff, J. Training and testing physical capacities for elite soccer players. J Sports Sci 

23: 573–82, 2005. 

66.  Van Hooren, B and Zolotarjova, J. The difference between countermovement and 

squat jump performances: a review of underlying mechanisms with practical 

applications. J Strength Cond Res 31: 2011–2020, 2017.Available from: 

https://journals.lww.com/00124278-201707000-00032 

67.  De Hoyo, M, Gonzalo-Skok, O, Sanudo, B, Carrascal, C, Plaza-Armas, JR, Camacho-

Candil, F, et al. Comparative effects of in-season full-back squat, resisted sprint 

training, and plyometric training on explosive performance in U-19 elite soccer 

players. J Strength Cond Res , 2016. 

68.  Impellizzeri, FM, Rampinini, E, Castagna, C, Bishop, D, Bravo, DF, Tibaudi, A, et al. 

Validity of a repeated-sprint test for football. Int J Sport Med 29: 899–905, 2008. 

69.  Impellizzeri, FM, Rampinini, E, and Marcora, SM. Physiological assessment of 

aerobic training in soccer. J Sports Sci 23: 583–592, 2005.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16195007 

70.  de Jong, LMS, Gastin, PB, Angelova, M, Bruce, L, and Dwyer, DB. Technical 

determinants of success in professional women’s soccer: A wider range of variables 



 26 

reveals new insights. PLoS One 15: e0240992, 2020.Available from: 

https://dx.plos.org/10.1371/journal.pone.0240992 

71.  Kasper, AM, Langan-Evans, C, Hudson, JF, Brownlee, TE, Harper, LD, Naughton, RJ, 

et al. Come back skinfolds, all is forgiven: a narrative review of the efficacy of 

common body composition methods in applied sports practice. Nutrients 13: 1075, 

2021.Available from: https://www.mdpi.com/2072-6643/13/4/1075 

72.  Konefał, M, Chmura, P, Kowalczuk, E, Figueiredo, AJ, Sarmento, H, Rokita, A, et al. 

Modeling of relationships between physical and technical activities and match 

outcome in elite German soccer players. J Sports Med Phys Fitness 59: 752–759, 

2019.Available from: http://www.ncbi.nlm.nih.gov/pubmed/29877676 

73.  Krustrup, P, Mohr, M, Ellingsgaard, H, and Bangsbo, J. Physical demands during an 

elite female soccer game: importance of training status. Med Sci Sports Exerc 37: 

1242–8, 2005.Available from: https://insights.ovid.com/crossref?an=00005768-

200507000-00024 

74.  Kyprianou, E, Di Salvo, V, Lolli, L, Al Haddad, H, Villanueva, AM, Gregson, W, et 

al. To measure peak velocity in soccer, let the players sprint. J strength Cond Res , 

2019.Available from: http://www.ncbi.nlm.nih.gov/pubmed/31800476 

75.  Léger, L and Boucher, R. An indirect continuous running multistage field test: the 

Université de Montréal track test. Can J Appl Sport Sci 5: 77–84, 1980.Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/7389053 

76.  Liam, A, Barnes, C, and Drust, B. Sport Testing. In: Sport and Exercise Physiology 

Testing Guidelines.2022. pp. 221–226 

77.  Lindblom, H, Hägglund, M, and Sonesson, S. Intra- and interrater reliability of 

subjective assessment of the drop vertical jump and tuck jump in youth athletes. Phys 

Ther Sport 47: 156–164, 2021.Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S1466853X20305915 

78.  Lockie, R, Dawes, J, and Jones, M. Relationships between linear speed and lower-

body power with change-of-direction speed in national collegiate athletic association 

divisions I and II women soccer athletes. Sports 6: 30, 2018.Available from: 

http://www.mdpi.com/2075-4663/6/2/30 

79.  Lockie, RG, Callaghan, SJ, Berry, SP, Cooke, ERA, Jordan, CA, Luczo, TM, et al. 

Relationship between unilateral jumping ability and asymmetry on multidirectional 

speed in team-sport athletes. J Strength Cond Res 28: 3557–3566, 2014.Available 

from: https://journals.lww.com/00124278-201412000-00032 



 27 

80.  Lohman, T, Roche, A, and Martorell, R. Anthropometric standardization reference 

manual. Champaign, IL, USA,: Human Kinetics Books, 1988. 

81.  Loturco, I, Pereira, LA, Reis, VP, Abad, CCC, Freitas, TT, Azevedo, PHSM, et al. 

Change of direction performance in elite players from different team sports. J Strength 

Cond Res 36: 862–866, 2022.Available from: 

https://journals.lww.com/10.1519/JSC.0000000000003502 

82.  Lozano-Berges, G, Matute-Llorente, Á, Gómez-Bruton, A, González-Agüero, A, 

Vicente-Rodríguez, G, and Casajús, JA. Accurate prediction equation to assess body 

fat in male and female adolescent football players. Int J Sport Nutr Exerc Metab 29: 

297–302, 2019.Available from: 

https://journals.humankinetics.com/view/journals/ijsnem/29/3/article-p297.xml 

83.  Malone, S, Owen, A, Mendes, B, Hughes, B, Collins, K, and Gabbett, TJ. High-speed 

running and sprinting as an injury risk factor in soccer: Can well-developed physical 

qualities reduce the risk? J Sci Med Sport 21: 257–262, 2018.Available from: 

https://doi.org/10.1016/j.jsams.2017.05.016 

84.  Manson, SA, Brughelli, M, and Harris, NK. Physiological characteristics of 

international female soccer players. J strength Cond Res 28: 308–18, 2014.Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/24476742 

85.  Mara, JK, Thompson, KG, Pumpa, KL, and Morgan, S. Quantifying the high-speed 

running and sprinting profiles of elite female soccer players during competitive 

matches using an optical player tracking system. J Strength Cond Res 31: 1500–1508, 

2017.Available from: https://journals.lww.com/00124278-201706000-00006 

86.  Mara, JK, Thompson, KG, Pumpa, KL, and Morgan, S. The acceleration and 

deceleration profiles of elite female soccer players during competitive matches. J Sci 

Med Sport 20: 867–872, 2017.Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S1440244017302682 

87.  Mara, JK, Wheeler, KW, and Lyons, K. Attacking strategies that lead to goal scoring 

opportunities in high level women’s football. Int J Sports Sci Coach 7: 565–577, 

2012.Available from: http://journals.sagepub.com/doi/10.1260/1747-9541.7.3.565 

88.  Marfell-Jones, M, Olds, T, Stewart, A, and Carter, J. International standards for 

anthropometric assessment. Potchefstroom, Sth Africa, 2006. 

89.  Martínez-Hernández, D, Quinn, M, and Jones, P. Linear advancing actions followed 

by deceleration and turn are the most common movements preceding goals in male 

professional soccer. Sci Med Footb 1–9, 2022.Available from: 



 28 

https://www.tandfonline.com/doi/full/10.1080/24733938.2022.2030064 

90.  McBurnie, AJ and Dos’Santos, T. Multidirectional speed in youth soccer players. 

Strength Cond J Publish Ah, 2021.Available from: 

https://journals.lww.com/10.1519/SSC.0000000000000658 

91.  McBurnie, AJ, Parr, J, Kelly, DM, and Dos’Santos, T. Multidirectional speed in youth 

soccer players: programming considerations and practical applications. Strength Cond 

J 44: 10–32, 2022.Available from: 

https://journals.lww.com/10.1519/SSC.0000000000000657 

92.  McCurdy, KW, Walker, JL, Langford, GA, Kutz, MR, Guerrero, JM, and McMillan, J. 

The relationship between kinematic determinants of jump and sprint performance in 

Division I women soccer players. J Strength Cond Res 24: 3200–3208, 2010.Available 

from: https://journals.lww.com/00124278-201012000-00002 

93.  McErlain-Naylor, S, King, M, and Pain, MT. Determinants of countermovement jump 

performance: a kinetic and kinematic analysis. J Sports Sci 32: 1805–12, 

2014.Available from: http://www.ncbi.nlm.nih.gov/pubmed/24875041 

94.  McFarland, I, Dawes, JJ, Elder, C, and Lockie, R. Relationship of two vertical jumping 

tests to sprint and change of direction speed among male and female collegiate soccer 

players. Sports 4: 11, 2016.Available from: http://www.mdpi.com/2075-4663/4/1/11 

95.  McGuigan, MR, Doyle, TLA, Newton, M, Edwards, DJ, Nimphius, S, and Newton, 

RU. Eccentric utilization ratio: effect of sport and phase of training. J Strength Cond 

Res 20: 992, 2006.Available from: http://nsca.allenpress.com/nscaonline/?request=get-

abstract&doi=10.1519%2FR-19165.1 

96.  Meylan, C, Trewin, J, and McKean, K. Quantifying explosive actions in international 

women’s soccer. Int J Sports Physiol Perform 12: 310–315, 2017.Available from: 

https://journals.humankinetics.com/view/journals/ijspp/12/3/article-p310.xml 

97.  Milanovic, Z, Sporis, G, and Trajkovic, N. Differences in body composite and physical 

match performance in female soccer players according to team position. J Hum Sport 

Exerc 7: S67–S72, 2012.Available from: http://rua.ua.es/dspace/handle/10045/21243 

98.  Milsom, J, Barreira, P, Burgess, DJ, Iqbal, Z, and Morton, JP. Case Study: muscle 

atrophy and hypertrophy in a Premier League soccer player during rehabilitation from 

ACL injury. Int J Sport Nutr Exerc Metab 24: 543–552, 2014.Available from: 

https://journals.humankinetics.com/view/journals/ijsnem/24/5/article-p543.xml 

99.  Mirkov, D, Nedeljkovic, A, Kukolj, M, Ugarkovic, D, and Jaric, S. Evaluation of the 

reliability of soccer-specific field tests. J Strength Cond Res 22: 1046–1050, 



 29 

2008.Available from: https://journals.lww.com/00124278-200807000-00003 

100.  Mohr, M, Krustrup, P, Andersson, H, Kirkendal, D, and Bangsbo, J. Match activities 

of elite women soccer players at different performance levels. J Strength Cond Res 22: 

341–349, 2008.Available from: https://journals.lww.com/00124278-200803000-00004 

101.  Mohr, M, Krustrup, P, and Bangsbo, J. Fatigue in soccer: a brief review. J Sports Sci 

23: 593–9, 2005.Available from: http://www.ncbi.nlm.nih.gov/pubmed/16195008 

102.  Morgan, OJ, Drust, B, Ade, JD, and Robinson, MA. Change of direction frequency off 

the ball: new perspectives in elite youth soccer. Sci Med Footb 1–10, 2021.Available 

from: https://www.tandfonline.com/doi/full/10.1080/24733938.2021.1986635 

103.  Mujika, I, Santisteban, J, Impellizzeri, FM, and Castagna, C. Fitness determinants of 

success in men’s and women’s football. J Sports Sci 27: 107–114, 2009.Available 

from: http://www.tandfonline.com/doi/abs/10.1080/02640410802428071 

104.  Munguía-Izquierdo, D, Suárez-Arrones, L, Di Salvo, V, Paredes-Hernández, V, Ara, I, 

and Mendez-Villanueva, A. Estimating fat-free mass in elite youth male soccer 

players: cross-validation of different field methods and development of prediction 

equation. J Sports Sci 37: 1197–1204, 2019.Available from: 

https://www.tandfonline.com/doi/full/10.1080/02640414.2018.1551045 

105.  Nakamura, FY, Pereira, LA, Loturco, I, Rosseti, M, Moura, FA, and Bradley, PS. 

Repeated-sprint sequences during female soccer matches using fixed and individual 

speed thresholds. J Strength Cond Res 31: 1802–1810, 2017.Available from: 

https://journals.lww.com/00124278-201707000-00007 

106.  Nana, A, Slater, GJ, Hopkins, WG, Halson, SL, Martin, DT, West, NP, et al. 

Importance of standardized DXA protocol for assessing physique changes in athletes. 

Int J Sport Nutr Exerc Metab 26: 259–267, 2016.Available from: 

https://journals.humankinetics.com/view/journals/ijsnem/26/3/article-p259.xml 

107.  Nattiv, A, Loucks, A, Manore, M, Sanborn, C, Sundgot-Borgen, J, Warren, M, et al. 

The female athlete triad. Med Sci Sport Exerc 39: 1867–1882, 2007.Available from: 

https://journals.lww.com/00005768-200710000-00026 

108.  Nimphius, S, Geib, G, Spiteri, T, and Carlisle, D. “Change of direction deficit” 

measurement in Division I American football players. J Aust Strength Cond 21: 115–

117, 2013. 

109.  Nimphius, S, Mcguigan, MR, and Newton, RU. Relationship between strength, power, 

speed, and change of direction performance of female softball players. J Strength 

Cond Res 24: 885–895, 2010.Available from: https://journals.lww.com/00124278-



 30 

201004000-00001 

110.  Nonnato, A, Hulton, AT, Brownlee, TE, and Beato, M. The effect of a single session 

of plyometric training per week on fitness parameters in professional female soccer 

players: a randomized controlled trial. J Strength Cond Res 36: 1046–1052, 

2022.Available from: http://journals.lww.com/10.1519/JSC.0000000000003591 

111.  Okholm Kryger, K, Wang, A, Mehta, R, Impellizzeri, FM, Massey, A, and McCall, A. 

Research on women’s football: a scoping review. Sci Med Footb 1–10, 2021.Available 

from: https://www.tandfonline.com/doi/full/10.1080/24733938.2020.1868560 

112.  Ostojic, S. Seasonal alterations in body composition and sprint performance of elite 

soccer players. J Exerc Physiol Online 6: 4–8, 2003. 

113.  Palmer, TB and Akehi, K. Rate of torque development as a discriminator of playing 

level in collegiate female soccer players. J Musculoskelet Neuronal Interact 22: 326–

335, 2022. 

114.  Pardos-Mainer, E, Casajús, JA, Bishop, C, and Gonzalo-Skok, O. Effects of combined 

strength and power training on physical performance and interlimb asymmetries in 

adolescent female soccer players. Int J Sports Physiol Perform 15: 1147–1155, 

2020.Available from: 

https://journals.humankinetics.com/view/journals/ijspp/15/8/article-p1147.xml 

115.  Pardos-Mainer, E, Lozano, D, Torrontegui-Duarte, M, Cartón-Llorente, A, and Roso-

Moliner, A. Effects of strength vs. plyometric training programs on Vertical Jumping, 

linear sprint and change of direction speed performance in female soccer players: a 

systematic review and meta-analysis. Int J Environ Res Public Health 18: 401, 

2021.Available from: https://www.mdpi.com/1660-4601/18/2/401 

116.  Porrati-Paladino, G and Cuesta-Barriuso, R. Effectiveness of plyometric and eccentric 

exercise for jumping and stability in female aoccer players—a single-blind, 

randomized controlled pilot study. Int J Environ Res Public Health 18: 294, 

2021.Available from: https://www.mdpi.com/1660-4601/18/1/294 

117.  Ramírez-Campillo, R, Gallardo, F, Henriquez-Olguín, C, Meylan, CMP, Martínez, C, 

Álvarez, C, et al. Effect of vertical, horizontal, and combined plyometric training on 

explosive, balance, and endurance performance of young soccer players. J strength 

Cond Res 29: 1784–95, 2015.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/25559903 

118.  Ramirez-Campillo, R, García-Pinillos, F, García-Ramos, A, Yanci, J, Gentil, P, 

Chaabene, H, et al. Effects of different plyometric training frequencies on components 



 31 

of physical fitness in amateur female soccer players. Front Physiol 9: 934, 

2018.Available from: http://www.ncbi.nlm.nih.gov/pubmed/30065665 

119.  Ramos, GP, Nakamura, FY, Penna, EM, Wilke, CF, Pereira, LA, Loturco, I, et al. 

Activity Profiles in U17, U20, and Senior Women’s Brazilian National Soccer Teams 

During International Competitions: Are There Meaningful Differences? J strength 

Cond Res 33: 3414–3422, 2019. 

120.  Ramsbottom, R, Brewer, J, and Williams, C. A progressive shuttle run test to estimate 

maximal oxygen uptake. Br J Sports Med 22: 141–144, 1988.Available from: 

https://bjsm.bmj.com/lookup/doi/10.1136/bjsm.22.4.141 

121.  Randell, RK, Clifford, T, Drust, B, Moss, SL, Unnithan, VB, De Ste Croix, MBA, et 

al. Physiological characteristics of female soccer players and health and performance 

considerations: a narrative review. Sport Med 51: 1377–1399, 2021.Available from: 

https://link.springer.com/10.1007/s40279-021-01458-1 

122.  Reilly, T, George, K, Marfell-Jones, M, Scott, M, Sutton, L, and Wallace, J. How well 

do skinfold equations predict percent body fat in elite soccer players? Int J Sports Med 

30: 607–613, 2009.Available from: http://www.thieme-

connect.de/DOI/DOI?10.1055/s-0029-1202353 

123.  Santos, DA, Silva, AM, Matias, CN, Fields, DA, Heymsfield, SB, and Sardinha, LB. 

Accuracy of DXA in estimating body composition changes in elite athletes using a 

four compartment model as the reference method. Nutr Metab (Lond) 7: 22, 

2010.Available from: 

https://nutritionandmetabolism.biomedcentral.com/articles/10.1186/1743-7075-7-22 

124.  Sassi, RH, Dardouri, W, Yahmed, MH, Gmada, N, Mahfoudhi, ME, and Gharbi, Z. 

Relative and absolute reliability of a modified agility T-test and its relationship with 

vertical jump and straight sprint. J Strength Cond Res 23: 1644–1651, 2009.Available 

from: https://journals.lww.com/00124278-200909000-00003 

125.  Schoffelen, PFM, den Hoed, M, van Breda, E, and Plasqui, G. Test-retest variability of 

VO2max using total-capture indirect calorimetry reveals linear relationship of VO2 

and Power. Scand J Med Sci Sports 29: 213–222, 2019.Available from: 

https://onlinelibrary.wiley.com/doi/10.1111/sms.13324 

126.  Scott, D, Haigh, J, and Lovell, R. Physical characteristics and match performances in 

women’s international versus domestic-level football players: a 2-year, league-wide 

study. Sci Med Footb 4: 211–215, 2020.Available from: 

https://www.tandfonline.com/doi/full/10.1080/24733938.2020.1745265 



 32 

127.  Scott, D and Lovell, R. Individualisation of speed thresholds does not enhance the 

dose-response determination in football training. J Sports Sci 36: 1523–1532, 2018. 

128.  Le Scouarnec, J, Samozino, P, Andrieu, B, Thubin, T, Morin, J-B, and Favier, FB. 

Effects of repeated sprint training with progressive elastic resistance on sprint 

performance and anterior-posterior force production in elite young soccer players. J 

Strength Cond Res 36: 1675–1681, 2022.Available from: 

https://journals.lww.com/10.1519/JSC.0000000000004242 

129.  Sedano, S, Vaeyens, R, Philippaerts, RM, Redondo, JC, and Cuadrado, G. 

Anthropometric and anaerobic fitness profile of elite and non-elite female soccer 

players. J Sports Med Phys Fitness 49: 387–94, 2009.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20087298 

130.  Shalfawi, SAI, Haugen, T, Jakobsen, TA, Enoksen, E, and Tønnessen, E. The effect of 

combined resisted agility and repeated sprint training vs. strength training on female 

elite soccer players. J Strength Cond Res 27: 2966–2972, 2013.Available from: 

https://journals.lww.com/00124278-201311000-00007 

131.  Sheppard, JM and Young, WB. Agility literature review: classifications, training and 

testing. J Sports Sci 24: 919–932, 2006.Available from: 

http://www.tandfonline.com/doi/abs/10.1080/02640410500457109 

132.  Silva, H, Nakamura, FY, Beato, M, and Marcelino, R. Acceleration and deceleration 

demands during training sessions in football: a systematic review. Sci Med Footb 1–

16, 2022.Available from: 

https://www.tandfonline.com/doi/full/10.1080/24733938.2022.2090600 

133.  Sjökvist, J, Laurent, MC, Richardson, M, Curtner-Smith, M, Holmberg, H-C, and 

Bishop, PA. Recovery from high-intensity training sessions in female soccer players. J 

Strength Cond Res 25: 1726–1735, 2011.Available from: 

https://journals.lww.com/00124278-201106000-00034 

134.  Slinde, F, Suber, C, Suber, L, Edwén, CE, and Svantesson, U. Test-retest reliability of 

three different countermovement jumping tests. J Strength Cond Res 22: 640–644, 

2008.Available from: https://journals.lww.com/00124278-200803000-00043 

135.  Stewart, PF, Turner, AN, and Miller, SC. Reliability, factorial validity, and 

interrelationships of five commonly used change of direction speed tests. Scand J Med 

Sci Sports 24: 500–6, 2014.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23176602 

136.  Stolen, T, Chamari, K, Castagna, C, and Wisloff, U. Physiology of soccer: an update. 



 33 

Sport Med 35: 501–536, 2005.Available from: 

http://link.springer.com/10.2165/00007256-200535060-00004 

137.  Styles, WJ, Matthews, MJ, and Comfort, P. Effects of strength training on squat and 

sprint performance in soccer players. J Strength Cond Res Publish Ah: 1, 2015. 

138.  Svensson, M and Drust, B. Testing soccer players. J Sports Sci 23: 601–18, 

2005.Available from: 

http://www.tandfonline.com/doi/abs/10.1080/02640410400021294 

139.  The FA. The gameplan for growth. The FA’s strategy for women’s and girls’ football: 

2017 - 2020. , 2020.Available from: 

file:///Users/marcobeato/Downloads/fawomensstrategydocfinal-13317.pdf 

140.  Turner, E, Munro, AG, and Comfort, P. Female soccer: Part 1- A needs analysis. 

Strength Cond J , 2013. 

141.  Valladares-Rodríguez, S, Rey, E, Mecías-Calvo, M, Barcala-Furelos, R, and Bores-

Cerezal, AJ. Reliability and usefulness of the 30-15 intermittent fitness test in male 

and female professional futsal players. J Hum Kinet 60: 191–198, 2017.Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/29339999 

142.  Vescovi, JD. Sprint profile of professional female soccer players during competitive 

matches: Female Athletes in Motion (FAiM) study. J Sports Sci 30: 1259–1265, 

2012.Available from: 

http://www.tandfonline.com/doi/abs/10.1080/02640414.2012.701760 

143.  Vescovi, JD, Fernandes, E, and Klas, A. Physical demands of women’s soccer 

matches: a perspective across the developmental spectrum. Front Sport Act Living 3, 

2021.Available from: 

https://www.frontiersin.org/articles/10.3389/fspor.2021.634696/full 

144.  Wallace, JL and Norton, KI. Evolution of World Cup soccer final games 1966–2010: 

Game structure, speed and play patterns. J Sci Med Sport 17: 223–228, 2014.Available 

from: https://linkinghub.elsevier.com/retrieve/pii/S1440244013000832 

145.  Wisløff, U, Castagna, C, Helgerud, J, Jones, R, and Hoff, J. Strong correlation of 

maximal squat strength with sprint performance and vertical jump height in elite 

soccer players. Br J Sports Med 38: 285–8, 2004.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/15155427 

146.  Wong, DP, Chan, GS, and Smith, AW. Repeated-sprint and change-of-direction 

abilities in physically active individuals and soccer players: training and testing 

implications. J strength Cond Res 26: 2324–30, 2012.Available from: 



 34 

http://nsca.allenpress.com/nscaonline/?request=get-abstract&doi=10.1519%2FR-

17254.1 

147.  Zamparo, P, Zadro, I, Lazzer, S, Beato, M, and Sepulcri, L. Energetics of shuttle runs: 

The effects of distance and change of direction. Int J Sports Physiol Perform 9: 1033–

1039, 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 35 

Table 1. Summary of the aerobic, linear sprint and repeated sprint tests, the current limitations, and future directions.    
 

Capacity/characteristic Test protocols Limitations Future directions 

Aerobic tests  

 

-The gold standard method of 
assessment for aerobic fitness is 
a treadmill based V�O2max protocol 
(duration 10 – 15 mins).   
-The two most common field 
tests are: the Yo-yo intermittent 
test (level 1 and 2) comprise of 2 
x 20 m shuttle runs, followed by 
an active recovery period and the 
30-15 intermittent fitness test.  

-V�O2max protocol is expensive and 
time consuming. 
-Caution should be exhibited if 
interpreting results from the 
estimation of V�O2max using 
different field-based tests, due to 
the varying outcome measures 
(i.e., speed vs. distance).  
-The familiarization process as 
well as the standardization of the 
protocol are key aspects of the 
internal validity and reliability of 
field tests.  
-Practitioners should not use self-
designed tests which have not 
been validated. 

-It is not very clear which Yo-yo 
intermittent tests, or 30-15 
intermittent fitness test is the 
most valid aerobic test for female 
soccer players.  
-Future aerobic tests could be 
validated to offer alternatives to 
practitioners working with 
female soccer players. 

Linear sprint tests and RSA tests   -Sprint test from 5 m to 30 m 
using a photocell timing system.  
-Longer distances (e.g., 40 m) 
allow for achieving higher sprint 
velocities and peak speeds, 
which can be assessed using 
GNSS. 
-Flying sprint test consisting of 10 
m acceleration + 30 m sprint 
could be used 

-Reliability of short sprinting tests 
(i.e., 5 m) could be limited.  
-Practitioners should 
preferentially use sprint from 10 
to 30 m.  
- Peak speed values cannot be 
recorded with a photocell timing 
system, therefore GNSS should 
be used instead.  

-Future research should verify 
what tests can discriminate 
between players of different 
levels (e.g., international, 
national, regional) and among 
age-groups (U16- U18, first team)  
-Tests could assist talent 
identification procedures.  
-Peak speed can be used to 
individualize the sprinting 
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-RSA protocols used in soccer, 
which is a 20 + 20 m shuttle (with 
a 180° COD), followed by a 20 s 
period of passive recovery (after 
each shuttle) repeated 6 times 

-GNSS is valid and reliable but 
expensive.  
-Research evidence about RSA 
tests is very abundant in male 
soccer but limited to female 
players.    

threshold (e.g., 80% peak speed) 
for players. This practice is 
common among male football 
players, but very limited 
information is currently available 
to female soccer players.  

V�O2max = Maximal aerobic power; Repeated sprint tests = RSA; GNSS = Global navigation satellite system 
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Table 2. Summary of the change of direction and strength tests, the current limitations, and future directions.    
 

Capacity/characteristic Test protocols Limitations Future directions 

Change of direction tests -COD has been found to be an 
important component of players 
testing and training programs as 
it can discriminate players of 
different playing standards.  
-COD performance is important 
for the progression from youth to 
senior players. 
-505 COD test and Illinois COD 
test are common tests used in 
male and female soccer. 

-There is no “gold standard” to 
assess either agility or COD speed 
in male or female players.  
-COD tests involve a COD 
movement, but the final score is 
not due only to this capacity, 
because COD encompasses other 
physical capacities. 

-Further research is needed to 
verify what test is the most 
suitable for female soccer, as well 
as future research should verify 
what tests can actually 
discriminate between players’ 
levels. 

Strength tests  

 

-Strength is correlated with 
soccer-specific physical 
performance variables such as 
sprinting, COD, and jumping.  
-The most common assessments 
consist of 1 RM testing (e.g., 
squat, mid-thigh pull), isometric 
(using a load cell), and eccentric 
contraction testing (e.g., 
Nordbord).  
-Isokinetic dynamometry, which 
is a gold-standard, can be used to 
evaluate concentric and 
eccentric strength. 

- Research on strength measures 
in female populations is overall 
quite limited.  
-Much more information is 
needed on the lower limb 
strength parameters of players of 
different levels, countries, 
leagues, and ages. 

-Future research needs to 
investigate if the lower limb 
strength tests that are currently 
used in male soccer can be used 
also with female soccer players.  
-These tests should help talent 
identification procedures, 
performance increment (since 
these parameters will be used for 
training decision making), and 
injury prevention. 
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COD = Changes of direction. 
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Table 3. Summary of the lower-limb power, jump and anthropometry tests, the current limitations, and future directions.   
 

Capacity/characteristic Test protocols Limitations Future directions 

Lower-limb power and jump 

tests 

-Jump power testing 
performance significantly 
correlates (r = 0.70-0.93) to 
speed and agility performances.  
-The CMJ with hands on hips on a 
force platform is valid and 
reliable for isolated lower-limb 
power.  
-Triple hop test with arm swing, is 
strongly correlated to CMJ (r = 
0.834). 
- Jump capacity can be assessed 
using force platforms, jump mats, 
optoelectronic devices, video 
cameras, accelerometers, linear 
position transducers, and jump 
and reach devices. 

-The evaluation of power 
required the use of technology 
that can be a barrier to its 
implementation.  
-Force platforms are considered 
the gold standard for jump 
testing; however, they may not 
always be accessible or feasible 
in performance settings, 
therefore, field-based testing 
equipment (e.g., jump mats or 
optoelectronic devices) provides 
a realistic alternative and 
estimate jump height from flight 
time.  
-Familiarization is a key element 
of testing reliability, which 
should be considered by 
practitioners. 

-Future research needs to use a 
‘best practice’ in terms of 
equipment (i.e., the best 
equipment available) and 
standardized protocol with the 
same equipment to offer more 
insight into power assessment in 
female players which is currently 
quite limited.  
-Jumping performance has been 
assessed consistently in the 
literature using the CMJ test but 
more research is needed for the 
other bilateral and unilateral 
tests.  

Anthropometry  

 

-DXA, skinfold thickness, 
hydrodensitometry, air 
displacement plethysmography 
and ultrasound are currently 
available for assessing 
anthropometry parameters.  

-The use of anthropometric 
assessments only can give limited 
health information to 
practitioners.   
-Doubly in-direct methods, which 
use predictive regression 

-A desire to maintain a low BM or 
%BF may lead to calorie 
restriction and a low energy 
availability which can impair 
bone health and result in 
suboptimal menstrual function. 
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-DXA is the most valid and 
reliable method for assessing 
body composition in team sport 
athletes.  
-Doubly in-direct methods are 
available and include bioelectric 
impedance, 3D photonic 
scanning, and estimations for 
%BF from ultrasound and 
skinfold thickness measures.  

equations have a greater error 
compared to in-direct methods.  
-The use of DXA is not without 
legal and ethical constraints due 
to the small dose of radiation 
that is emitted. 

-More information is needed 
about anthropometric 
assessments and scans to better 
manage female soccer players’ 
health (Female Athlete Triad or 
REDs) in professional contexts. 

 
CMJ = Countermovement jump; DXA = dual-energy X-ray absorptiometry; REDs = Relative Energy Deficit; BM = body mass; %BF = percentage 
body fat.  
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