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Abstract: 

Female football has had a considerable rise in popularity with millions of fans following 

matches during the recent Women’s World Cup. Despite this, the football scientific literature 

is still biased towards male footballers; therefore, this review aims to present the most recent 

literature and best practices for assessing linear and multi-directional speed and underpinning 

physical qualities, and to offer practical recommendations based on the most recent evidence 

and authors’ expertise for practitioners working with female football players. This review 

categorizes tests as on-field and off-field, highlighting common protocols, their advantages, 

and the existing limitations. Among the most common on-field tests we found the change of 

direction speed, horizontal deceleration, linear sprinting, and curved sprinting; while the 

suggested off-field tests are multi-joint isometric, single-joint isometric, isokinetic 

dynamometry, Nordic hamstring and vertical jumps. These tests are valuable tools for assessing 

players’ physical abilities, serving as a benchmark for tracking physical changes throughout 

the season, and aiding practitioners in individualizing and optimizing training protocols. This 

review highlights that strength (eccentric, isometric, concentric, and reactive) and rapid force 

production are crucial for generating braking and propulsive forces, which underpin linear and 

multidirectional motion. In conclusion, the evidence and practical suggestions reported in this 

review will improve the practitioners' knowledge of which tests and the consequent training 

protocols can be used in senior and elite female football players. But practitioners need to be 

aware about the scarcity of comprehensive studies on female soccer which hinders a complete 

understanding of the reliability of all assessment protocols used.  
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INTRODUCTION  

In the last decades, female football in England has had a considerable rise in popularity with 

millions of fans following matches (125); this trend was highlighted during the recent 2023 

FIFA Women’s World Cup when it was estimated a record attendance in the host country of 

almost two million and approximately 2 billion TV views worldwide (75). Despite this positive 



trend in popularity, the football scientific literature is still biased towards male footballers 

(82,104); therefore, more research specifically evaluating female players is needed. This is 

particularly important because of the physiological, hormonal, and anthropometrical 

differences that exist between the two sexes (4,23,104), and the socio-economic inequities in 

female football, which can impact the training process and the performance optimization of the 

players. 

 

Football players need to be physically capable of performing high-intensity (physical and 

technical) activities in conjunction with tactical demands throughout the duration of the match 

(22). Football is classified as a multidirectional intermittent sport, in which high-intensity 

activities alternate with periods of recovery (96,97). Although the aerobic metabolism is 

dominant, which has a key function in the resynthesis of phosphocreatine and for maintaining 

players’ energy levels throughout the game (which can last more than 90 minutes) (83,86), the 

key high-intensity actions are primarily reliant on anaerobic metabolism (6,71). From a match 

analysis perspective, female football players cover a total distance ranging from approximately 

9 km to 11.5 km, with high-speed running (HSR >19.8 km.h-1) distances ranging between 344 

m to 867 m (4,38,39). Previous research reported that the match demands, in particular at the 

top tiers of football, are evolving rapidly, with a 21% increase in distance above 19 km.h-1 

observed from the 2015 to the 2019 FIFA Women’s World Cups (58). In addition, female 

football players need to perform a variety of high-intensity linear and multidirectional speed 

(MDS) actions, such as linear and curvilinear sprinting, changes of direction (COD), 

accelerations, and decelerations (109,117). Consequently, players need to have an appropriate 

aerobic capacity, but in particular, need to have developed other physical capacities such as 

strength, power, speed, and COD ability to compete at a high-level (107). Practitioners must 

appreciate the importance of these high-intensity MDS anaerobic activities for the performance 

of other key tactical and technical elements of football, for instance, defensive closing down 

(i.e., pressing which involves acceleration to deceleration), retaking possession for transition 

(i.e., a COD action), and offensive overlapping runs (i.e., curvilinear sprint) (98), which 

highlight the importance of anaerobic metabolism in female football (66).  In addition, the 

MDS actions have also been identified as key movements associated with goal scoring and 

defending scenarios in the Women’s  Super League (90).  

 

It is well known that strength and power are prerequisites for sport-specific actions (e.g., jump, 

sprint) (124) which are fundamentally underpinned by net impulse (i.e., external net force × 



time). Strength and power tests can be used to evaluate female players’ performance, to help 

practitioners identify the most suitable training protocols, and serve as a reference point for 

longitudinal monitoring of physical changes during the season. The rationale behind testing 

and training these physical capacities is supported by previous research that has found greater 

relative strength to be a predeterminant for sprint, COD, and jumping performance (129). This 

is unsurprising based on the impulse momentum relationship, whereby large net impulses lead 

to greater changes in momentum, and thus strength and rapid force production capabilities are 

central for generating large braking and propulsive forces (76). Therefore, strength and 

conditioning coaches and sport scientists should test their players accordingly and subsequently 

tailor the training protocols on the basis of the needs of the players (4). However, to the author’s 

knowledge, there is no clear picture regarding the research studies investigating linear and 

multi-directional speed testing and training protocols in female football. Research in female 

football has been recently highlighted by a narrative review (4), which called for more specific 

research involving female players, since the majority of the literature to date has focused on 

men’s football (73,124). This represents a very practical issue as practitioners working with 

female players need to rely on evidence derived from the male literature (53), which is not 

always relevant or suitable. For such reasons, more information regarding testing and training 

specifically for female players is needed. This could help to improve the training of the players, 

improve the match performance, and reduce the likelihood of non-contact injuries. 

 

Therefore, the aim of this narrative review is, firstly, to present the most recent literature and 

best practices for linear and MDS assessments and underpinning physical qualities, and 

secondly, to offer practical recommendations based on the existing evidence and authors’ 

expertise for practitioners working with female football players. The evidence and practical 

suggestions reported in this review will improve the practitioners' (e.g., strength and 

conditioning coaches, sport scientists) knowledge of which tests and the consequent training 

protocols can be used in senior and elite female football players. 

  

ON-FIELD TESTS 

Change of direction speed testing 

It is important to highlight that COD speed, maneuverability and agility are all separate and 

distinct qualities, but for the purposes of this section we are focusing on assessment of COD 

speed (76). When selecting a COD speed test, it is important to determine the most suitable 

protocol and measurement approach for female football players (4), and for the purpose of this 



review those specifically operating at the elite senior level. Currently, there is no recognized 

‘gold standard’ protocol or measurement approach recommended for the assessment of COD 

speed in female football players (4). However, there is a general consensus that to effectively 

profile COD speed the test protocol should be of short duration, involve one turn, and provide 

information on what happens throughout the COD (i.e., COD strategy and movement quality) 

in addition to just COD completion times (102,115,130). For diagnostic purposes the latter is 

vitally important since the skill of COD involves distinct sub-phases including an initial 

acceleration, deceleration, turn and re-acceleration (depending on angle), with each of these 

sub-phases having unique physiological and biomechanical demands (44,45,67,130). 

 

Sharp COD’s (>60°) have a substantially greater braking demands than shallower COD angles 

(<60°) due to the necessity to decelerate momentum prior to turning (45,47) and are commonly 

associated with high lower-limb mechanical forces (45) and subsequent anterior cruciate 

ligament injury risk in elite female senior soccer players (85). Therefore, COD tests that 

employ sharp COD angles could be deemed particularly important to test, particularly for this 

population of players. The 505 COD speed test includes a sharp 180° turn, can be performed 

with different approach distances (i.e., 5m, 10m, 15m) and is commonly used to obtain more 

detailed insights on a player’s COD performance, including phase specific COD information 

(102,115,130) and identification of asymmetries (i.e., directional dominance) that could 

identify deficiencies in both COD performance and factors that may place elite senior female 

soccer players at greater risk of injury (119,126). Importantly, the 505 COD speed test can also 

serve a dual purpose for assessing deceleration ability from a pre-determined distance (130), 

therefore essentially being a ‘two-for-one’ test. However, due to multidirectional requirements 

associated with female soccer, and the requirement to be equally proficient at turning both left 

and right across a spectrum of shallow, moderate, and sharp angles, and it could therefore be 

recommended to evaluate COD ability across a spectrum of angles to build a COD angle profile 

for female football players (e.g., 5 x 5m 60°; (37)), as recently adopted in basketballers (63). 

 

For female senior soccer players operating at the elite level, it is important to obtain valid, 

reliable, and precise information on COD performance (11). The use of indirect measurement 

approaches to obtain more detailed information on the different sub-phases of 505 COD 

performance have included the use of timing gates to obtain ‘deficits’ in COD performance 

(i.e., COD and deceleration deficit) by comparing COD times to linear sprint times (28,102) 

and through using multiple timing gates to obtain split times in different phases of the 505 



COD test (115). Whilst these approaches have helped to attain ‘proxy’ indicators of the desired 

outcome measurement (i.e., deceleration, COD) they do not provide continuous velocity 

measurements to enable phase-specific COD performance profiles to be obtained. Phase 

specific information regarding COD performance enables practitioners to identify “how” the 

overall completion time was achieved by dividing the COD time into different components 

such as initial acceleration, deceleration, and reacceleration (Figure 1). Technology such as 

motorized resistance devices, radar, laser, and LiDAR technology can facilitate these 

instantaneous velocity measurements. These technologies can be costly however, so an 

alternative approach during 180° tasks is to use high-speed cameras and divide the turn into 

approach, COD, and exit (see Jones et al., 2023 (77) for further information). 

 

 

***Add Figure 1 here, please*** 

 

 

The use of video can also provide qualitative information on the ‘quality’ of the COD (e.g., 

joint kinematics) and has therefore been recommended to be included in conjunction with the 

quantitative outputs when profiling COD performance (43,102). For example, the cutting 

movement assessment score is a qualitative screening tool has been validated against 3D 

motion analysis for identifying athletes who display higher knee joint loads (i.e., ACL injury 

risk surrogate) during side-step cutting, and has been used successfully during pre-planned and 

unplanned tasks in female footballers (101). Based on current research and technological 

developments, performance staff working with elite senior female football players should 

endeavor to collect continuous COD velocity measurements alongside qualitative video 

footage to enable more precise individualized COD training prescription to be made (Table 1).  

 

***Add Table 1 here*** 

 

Horizontal deceleration testing 

Given the evidence linking horizontal deceleration and ACL injury (i.e., typically defensive 

pressing scenarios) in female football players (19,24,85), a strong case can be made for 

prioritizing the assessment of horizontal deceleration ability in this population. In addition to 

sharp COD tests (as explained in the previous section), horizontal deceleration can also be 

assessed using an acceleration-deceleration ability (ADA) test where a player either (a) sprints 



maximally across a pre-set distance before then decelerating maximally (68), or (b) sprints 

maximally and decelerates to a stop at a pre-set distance (Figure 2). 

  

***Add Figure 2 here*** 

 

Similar to the measurement of COD performance, field-based technologies that facilitate 

continuous velocity measurements (as highlighted in the previous section) should be used to 

obtain reliable deceleration performance measures such as average and peak deceleration, 

distance and time-to-stop (68). Figure 3 illustrates an example velocity-time profile measured 

using a radar device (Stalker ATS II) from an ADA test with deceleration commencing at a 

pre-set distance of 20 m. The time point immediately following maximum velocity (Vmax) is 

used to define the start of the deceleration phase with the end of the deceleration phase defined 

using the lowest velocity (VLow). The deceleration phase can then be further sub-divided into 

early (DECEarly) and late (DECLate) deceleration sub-phases by using the time point associated 

with 50% of maximum velocity (50% Vmax). This subdivision can help practitioners assess 

their players’ deceleration strategies, which can help tailor the deceleration training.   

 

***Add Figure 3 here*** 

 

Video has also been used in conjunction with ADA tests to enable qualitative evaluation of 

movement quality and biomechanics associated with high knee joint loading and subsequent 

ACL injury risk (108,123). For example, use of a 2-D thigh angle to predict ground reaction 

forces (123) and a combined 2-D scoring system to identify players with high knee abduction 

moments (108). As such the use of an ADA test can provide valuable horizontal deceleration 

performance information, in addition to the identification of players who may be at heightened 

risk of injury using the qualitative evaluation of the movement quality. Despite the importance 

of deceleration ability for female football, to our best knowledge Zhang et al. is the only study 

to provide normative deceleration performance data in national level, semi-professional, and 

amateur French female footballers (133). 

 

 

Linear sprinting  

Linear advancing motion, and specifically sprinting, is the most common activity prior to goal 

scoring in elite female football (90). Consequently, linear sprinting ability is crucial for team 



success for both attacking and defensive purposes. During female match-play, most sprints 

occur over short distances, 76% and 95% being less than 5 and 10 m, respectively (38). 

However, on occasion, players are required to sprint over longer distances and consequently 

adequate preparation for such activities (i.e., peak demands) is necessary. 

 

The gold standard method to assess linear sprinting ability is an automated system with 

pressure-sensitive starting blocks and high-resolution cameras (69). However, such systems 

are impractical in most applied settings due to their high cost and consequently more cost-

effective solutions such as hand-held systems, radar guns, photocell systems and global 

navigation satellite systems (GNSS) are more commonplace in football (see Table 2) (4,41). 

Hand-held systems, (e.g., stopwatches) are simple to use but are inherently limited by the 

reaction time of the individual and are therefore not recommended. Photocell systems, or 

‘timing gates’, measure the time taken for an individual to sprint over a set distance(s). The use 

of dual-beam systems (as opposed to single beam) is recommended as they minimize the 

likelihood of a false signal from an outstretched arm or leg, as opposed to the participant’s 

torso (84). Photocell systems permit the assessment of average speed, but unlike radar guns 

and GNSS, they are not suitable for measuring peak speed or providing instantaneous speed 

profiles. Radar guns and GNSS can evaluate performance across the entirety of a sprint thus 

allowing the determination of peak speed and distance to reach peak speed. Although a radar 

gun’s peak speed monitoring is extremely accurate due to their acquisition frequency (e.g., 

Stalker ATS 2 = 34.7 GHz), its use during daily football activities is not as practical as the 

monitoring of physical data with GNSS, which is, nowadays, the most used technology for the 

monitoring of speed-related data. In recent years, peak speed data recorded using 10 Hz GNSS 

technology has been compared to the one recorded using radar gun (r = 0.98, nearly perfect, 

error ~2%) demonstrating that GNSS is a valid alternative (3), as well as other research 

demonstrated that peak speed data are reliable (inter-units) during linear sprint activities (from 

5 to 30 m) (5) intermittent short shuttle runs (9). One of the main advantages of GNSS is that 

it permits “invisible monitoring”, simultaneous testing of multiple athletes, and the evaluation 

of peak speed during training and matches. Logistically GNSS presents a great advantage, 

specifically, the practitioners can test multiple athletes simultaneously. 

 

The distance utilized during linear speed testing is determined by the variable of interest, for 

example, short distances (< 20 m) are used when considering acceleration, whereas longer 

distances (> 30-40 m) are used to when considering peak speed (4). As with any testing 



protocol, it is important to give due consideration to the standardization of the testing protocol. 

Consequently, the practitioner must consider whether to utilize a fixed or ‘flying’ start position. 

If a fixed position is elected, there are various options including standing sprint start, three-

point, and block sprint start. Familiarization prior to testing is crucial, particularly for start 

positions which may be considered more technical (as three-point and block, although the 

authors do not recommend these stances because they are not sport-specific)  (50). Flying starts 

are often used if the criterion measure is peak speed. It is common practice for the player to 

stand a set distance behind the start line to avoid breaking the beam prior to the sprint, with 

distances customarily ranging from 0.3 – 1.0 m. Additionally, the practitioners who want to 

analyze the acceleration/sprinting technique and upright sprinting mechanics, have the 

opportunity to do so using 2D analysis systems (e.g., smartphone) and an in-field assessment 

tool (18,74,88,116,132). The authors highlight the role of technique and movement proficiency 

in the improvement of speed for both linear and multi-directional movements. Finally, the 

priority for practitioners is to ensure test reliability and therefore standardization of start 

position and start distance are crucial to permit player comparisons and for evaluating player 

performance longitudinally. For instance, practitioners should standardize testing surface and 

environmental conditions; since these topics are outside the scope of this review, we encourage 

the readers to look at these articles (4,27,99,132).  

 

***Add here Table 2, please*** 

 

 

Curved sprinting  

 Most sprints in football are not purely linear, but curved, defined as the upright running portion 

of the sprint completed with the presence of some degree of curvature (62). Given the 

prevalence of sprinting maneuvers executed along curvilinear paths, a specialized sprint test 

for football players was previously developed (62). This assessment leverages the curvature of 

the penalty area on a standard football field, encompassing 17 meters (62). The reliability of 

this curvilinear sprint test was verified in male players, boasting an intra-class correlation 

coefficient ranging from 0.75 to 0.96, with a coefficient of variation spanning from 0.5 to 

1.97% (62). Regarding the interrelation between the curvilinear sprint test and the traditional 

linear 17-meter sprint evaluation, the findings indicate a limited connection, as the coefficient 

of determination ranges between 0.34 and 0.37 (62). These outcomes imply that the skills 

required for curvilinear and straight-line sprinting exhibit a certain degree of independence 



from one another. Consequently, this substantiates the inclusion of both linear and curvilinear 

sprinting exercises within the assessment batteries of football players (see Table 2).  

 

Interestingly, the relationships between straight sprinting and curve sprinting appear to 

be age dependent. A previous study comparing football male players under the ages of 15, 17, 

and 20 (59), who performed both straight and curved sprints, underscored the importance of 

evaluating and training curved sprinting across different age groups, revealing that the 

relationships become less correlated with linear sprinting as age increases. Additionally, the 

same study revealed that curve asymmetry was significantly higher among players aged 20 and 

above compared to those under 15 and 17 (59). The study suggests that to mitigate the rise in 

asymmetries resulting from the specialization process, focusing interventions primarily on 

improving the weaker side during curved sprints. The utilization of the curved sprint test 

presents a unique opportunity to assess the impact and performance of executing curves towards 

a specific direction. Research by Filter et al. (61) examined nine adult football players, 

contrasting the performance of the inside versus outside leg during curved sprints. Their 

findings indicated that the inside leg exhibited a longer foot contact time along the curvilinear 

trajectory, compared to the outside leg (61). Moreover, significant variations in foot contact 

time were observed between the "weak" and "good" sides, determined by the worst and best 

successful attempts, respectively. 

  

In comparing straight sprints to curved sprints (61), electromyography analysis revealed 

no discernible differences between legs in terms of root-mean-square peak percentage, when 

normalizing mean values from the five highest peaks observed in each task during straight 

sprints. However, during curved sprints, activation of hip external rotation muscles (such as 

biceps femoris and gluteus medius) increased during outside leg side-stepping, as a response to 

counter applied valgus and hip internal rotation moments at the knee (61). Conversely, during 

inside leg cross-stepping cuts, activation of hip internal rotation muscles (semitendinosus and 

adductor) increased compared to outside leg sidestepping cuts, serving to counter applied varus 

and hip external rotation moments at the knee (61). These findings  underscore the distinct roles 

played by each leg during curve sprinting, shedding further light on the biomechanical 

intricacies of the movement (61). They also suggest that the inside leg may play a crucial role 

in limiting the maximum running speed during curvilinear sprints. This difference between legs 

can serve as a focal point for introducing new variables, such as curve sprint asymmetry (60). 

This approach may enable the detection of players' degrees and directions of inter-limb 



asymmetry, ultimately aiding in the identification of each football player's dominant curve side 

(60). Such insights could significantly enhance the characterization and profiling of playing 

positions in the sport. 

 

 OFF-FIELD TESTING  

A range of different muscle strength qualities are associated with faster sprint and COD 

performance and are needed when executing these actions (1). For example, using a common 

COD test identified earlier – the 505 test, Table 1 provides a technical framework for a 180° 

turn performed within the test, which identifies several required muscle-strength qualities and 

potential assessments. Note the approach and re-acceleration phases highlight important 

muscle strength qualities for maximum velocity and acceleration sprinting, respectively. 

Combining these assessments would help practitioners with providing a more holistic profile 

of a female player to better individualize the players MDS development. Table 1 highlights 

that eccentric, isometric, reactive, and concentric strength, RFD, and impulse are required 

across the preparation (penultimate foot contact), execution (e.g., ‘plant’ incorporating braking, 

transition [max knee flexion] and propulsion sub-phases, thus eccentric-concentric coupling), 

and re-acceleration phases of COD actions. Ground contact times of 180° turns are typically 

>400 ms (78,80,81,120), thus, may place greater emphasis on slow SSC function. However, it 

should be noted that ground contact times are influenced by the approach and angle of direction 

change (45), with COD angles ≤45° typically ≤250 ms (70,121,128). Hence, assessing and 

developing female players slow and fast SSC function is important to cater for the COD 

demands in female football. Additionally, because of the time constraints associated with the 

‘plant’ phase of changing direction and the steps preceding and following this, the ability to 

produce rapid and high magnitudes of net force (i.e., rate of force development and impulse) 

to decelerate and  accelerate the mass, redirecting the COM is fundamental (45). The remainder 

of this section is divided into the potential tests of physical qualities identified including multi- 

and single- joint isometric testing, vertical jumps (assessment of SSC function) and tests of 

eccentric strength (see table 1).  

 

Multi-joint isometric testing 



Due to the importance of the lower-limb triple extensor joints (hip, knee, and ankle) and 

musculature for braking and propulsion during MDS actions (91), multi-joint lower limb 

assessments, such as the isometric mid-thigh pull (IMTP, see Table 3) (4,56), isometric squat 

test (49), unilateral isometric squat (15), are valuable assessments for monitoring the maximal 

and rapid force production characteristics in female footballers. Although various aspects of 

technology are available to assess isometric strength qualities of athletes (i.e., crane scale, load 

cells, dynamometers), the following section will focus on force platform technology due to 

their portability, accessibility, and ability to provide rich force-time data for insights into 

neuromuscular function (29). Specifically, the IMTP assessment is a safe, time-efficient, less 

fatiguing, and surrogate measure to traditional 1RM testing (29). But, importantly, in addition 

to providing insights into maximal force production, time-limited force expression (i.e., 

impulse, RFD, and time-specific force) during contact times of MDS actions (i.e., 100, 200, 

and 300 ms) can also be examined which are key determinants of MDS performance (i.e., 

impulse). A range of different data collection and analysis procedures can be adopted for IMTP 

assessments which can affect resultant values and the subsequent validity and reliability (29). 

As such readers are encouraged to read the methodological recommendations by Comfort et 

al. (29) and thus, a brief overview is provided.  

***Add Table 3 here*** 

The IMTP is traditionally performed in an isometric rig where bilateral force production is 

commonly assessed. If practitioners have access to dual force platforms, bilateral asymmetries 

can be monitored; however, the task can also be performed unilaterally which may provide 

greater specificity to MDS actions and can provide insights into inter-limb asymmetries and 

“windows for further development” (46). For specific details about the position and posture of 

the athletes, read the following paper (29). Once posture is established and two to three warm-

up trials are completed, practitioners should instruct the participant to remove slack from the 

bar and system, while trying to minimize excessive pre-tension. A stable weighing period is 

essential for determining body (system) weight, subsequent initiation (i.e., 0 ms start) and 

athletes should be cued to “pull the bar and push their feet directly downwards into the force 

platform(s) as fast and as hard as possible” for 3-5 seconds to produce optimal results (29). If 

interested in time-limited force expression, 1 second rapid efforts could elicit greater values 

(65). Two to three trials are advocated with ~ 1 min rest between trials with differences in peak 



force <5% (29). Trials with a clear countermovement and substantial changes in joint angles 

should be discarded and reperformed (29).  

Commercially available software can analyze IMTP force-time data using proprietary 

algorithms; however, key force-time metrics can be calculated manually using Microsoft Excel 

(or alternative software). An analysis spreadsheet is openly available by Chavda et al. (25). A 

plethora of force-time metrics are available for subsequent evaluation, however, the following 

metrics are recommended (25): net relative peak force for insight into maximal force 

production and net relative force (i.e., at 50, 100, 150, 200, 250, and 300 ms) for insights into 

rapid force production characteristics. Intuitively changes in net time-specific force would be 

reflected with changes in RFD and impulse. Additionally, practitioners should be cognizant of 

body weight (Newtons) and initiation threshold when longitudinally monitoring changes in 

neuromuscular performance. Furthermore, practitioners may consider normalizing time-

specific force values relative to peak force to establish how much of an athlete’s maximum 

force production capacity is being utilized to inform training priorities (i.e., maximal or ballistic 

training) (29). To our best knowledge, currently, normative data pertaining to IMTP is limited 

to elite female youth football players (u10s-u16s) (54,55), showing the metrics to be reliable, 

with age and maturity status impacting peak force and impulse. Further data is required in 

senior elite female football players and thus, a future direction of research (4). Finally, 

practitioners may decide to use an isometric squat assessment which has been shown to elicit 

greater force and impulse values compared to the IMTP (17); however, the associated spinal 

compression and discomfort with the isometric squat may influence compliance. 

 

Single joint isometric hip tests  

The popularity of single joint isometric hip tests using force platforms has increased 

dramatically in recent years. Partly due to the increased availability of commercial force 

platforms and associated proprietary software enabling immediate feedback, but also due to the 

remaining high incidence of hamstring strain injuries (HSI) in many multidirectional sports 

(21). Furthermore, hip extensor strength is important to resist increased hip flexor moments 

(78,81); during penultimate and final foot contacts of COD and crucial for linear sprint 

acceleration. Table 1 highlights that eccentric strength of the hamstrings is important to control 

the deceleration of the lower limb during the late/terminal swing phases in preparation for 



ground contact during sprint running. It is this phase which is often implicated in the aetiology 

of HSI (26,118) and thus, eccentric hamstring weakness here is considered a risk factor for 

HSI. One of the drawbacks of eccentric hamstring testing is the fatigue and subsequent muscle 

soreness (although previous familiarization with eccentric exercises should limit the onset of 

muscle soreness) associated with the eccentric exercise (113) and thus, isometric hamstring 

tests are viewed as less fatiguing and muscle damaging alternatives to monitor changes in 

hamstring strength following games or during the season.  

There are various iterations of the isometric hamstring test, but two main ones are the supine 

hamstring 90/90 (90° knee and hip flexion) and 30/30 (30° knee and hip flexion) (32,92). These 

tests have been shown to have good between-session reliability and sensitive enough to detect 

reductions in force following a competitive football match in professional male players [n=29] 

(92) and professional youth male players (32). Thus, the tests may enable regular evaluations 

to determine match-induced fatigue and monitor recovery to help inform decision-making 

regarding modifications to individual players training load. Cuthbert et al., (36) conducted on 

female football players (n=29) competing in the English women’s super league, have reported 

acceptable within and between session absolute reliability [CV ranging from 4.85% (Isometric 

30/30 right within session) to 10.23% (isometric 90/90 left between session)] and poor to good 

[ICC ranging from 0.698 (isometric 90/90 left between session) to 0.881 (isometric 30/30 right 

within session)] relative reliability. Further research again on female football players 

competing in the English women’s super league (113), reported excellent absolute and good 

relative between session reliability for peak force (CV = 2.84%, ICC = 0.898), and good to 

excellent absolute and poor to moderate relative reliability for rapid force generating measures 

(CV% <8.33%, ICC >0.610). These values are similar to values (CV = 4.34-5.38%; ICC = 

0.95) reported by McCall et al. (92) and would suggest that such tests could be used by female 

players to monitor changes in hamstring strength in relation to training and match loads. 

It is recommended that minimum operating standards are developed to ensure reliable data 

collection such as not wearing shoes for the test to avoid the rubber sole dampening a force 

response and ensuring the hips are fixed so that knee and hip angles are standardized and 

maintained throughout the test (113). Furthermore, to obtain measures of rapid force 

production a sampling rate of 1000 Hz maybe required, and a reliable and accurate onset 

threshold should be used (113). These authors used 5 × SD of residual force like that 

recommended for IMTP testing (42). For normative data on female soccer players the reader 



is directed to the following research (36,113). Finally, practitioners may be interested in 

assessing other muscle groups and joints such as the soleus/ankle plantar flexors (ankle 

extensors) using force platforms due to the relevance of ankle joint power to change of direction 

maneuvers such as side-step cutting (89). The interested reader could refer to work by Rhodes 

et al., (2022) (112) on male football players; however, the authors are unaware of research 

conducted on female football players in this regard. 

Assessment of eccentric lower limb strength 

Table 1 highlights the importance of eccentric knee and hip extensor and knee flexor strength 

during the penultimate and final ‘plant’ foot contacts during a 180° COD to absorb the large 

knee and hip flexor moments experienced during braking. Indeed, research on female football 

players has highlighted the importance of eccentric strength during various COD maneuvers 

(4,78). Jones et al., (78) observed large correlations between a 180° COD task completion time 

and isokinetic (60°/s) eccentric knee extensor (R =-0.674) and flexor (R =-0.603) strength and 

moderate to large correlations between approach velocity and COD time (R = -0.484) and 

eccentric knee extensor strength (R = 0.724). Furthermore, stronger participants (n = 9) 

recorded significantly (p < 0.05) faster approach velocity (d = 1.27) and a greater reduction in 

velocity (d = 0.94) during penultimate foot contact than weaker (n = 9) subjects. In another 

study examining 60-90° side-step cutting in female soccer players (79), eccentric knee extensor 

strength was significantly (p < 0.05) largely associated (R ≥ 0.610) with velocities at key 

instances during the task and when divided into eccentrically stronger and weaker players, 

stronger players (n = 9) achieved higher velocities (d = 1.34-1.71) throughout the maneuver 

than weaker players (n=9) who showed slightly greater deceleration (d = 0.36-0.38) during 

penultimate and final foot contacts. Furthermore, stronger players achieved significantly 

shorter penultimate and final ground contact time, with significantly (moderate) greater 

average horizontal braking forces. Collectively, these studies highlight the importance of 

eccentric strength during COD maneuvers; in tasks whereby, initial momentum is required to 

be reduced to zero before accelerating again (e.g., 180° COD), players with greater eccentric 

strength approach faster (i.e., self-regulation) as they can handle the greater braking forces 

experienced and make better use of the penultimate foot contact to decelerate. Whereas COD 

tasks involving shallower directional changes (e.g., 60-90°) the maintenance of velocity is 

more important, thus, eccentrically stronger players approach faster and are better able to 

maintain velocity throughout the maneuver as they are better able to handle the greater GRFs 



experienced maintaining shorter ground contact times to avoid large reductions in velocity 

(e.g., avoid elevating braking impulse creating reductions in velocity). 

Isokinetic dynamometry  

Isokinetic dynamometry maybe considered the ‘gold standard’ method of assessing eccentric 

strength of the knee extensors and flexors and several studies have reported isokinetic data in 

female football players of various ages and levels (12,34,72). However, only a few have 

reported eccentric knee extensor or flexor peak moments of female soccer players (57,87). 

These studies could act as normative data, however, differences in soccer population, devices 

used, angular velocities and modes used in the protocol, definition of limbs used (e.g., limb 

dominance) and the reported variables make it difficult to draw comparisons between studies. 

Whilst isokinetic dynamometers can derive several parameters (see Table 3), strength during 

isokinetic assessment should be quantified by the maximum moment and should be achieved 

within 3 to 6 repetitions (12,34,72). An average moment (peak) from several trials should not 

be reported, as this may be taken from different joint positions and therefore, does not provide 

information about the joint-moment position relationship (12,34,72). Practitioners need to 

decide on an appropriate angular velocity at which to assess the players and it may be suggested 

that 60°·s-1 is more common on studies involving female and male soccer players (10,12,106). 

Many practitioners may consider assessing at faster speeds >180°·s-1, to provide an assessment 

at more ‘functional’ sports specific speeds (33). However, measurement limits of many 

dynamometers will not be able to replicate the angular velocities of many multidirectional 

speed actions which commonly exceed 300°/s (110). Furthermore, measurement at greater 

angular velocities reduces the available ‘isokinetic range’ as greater ranges of movement are 

required to accelerate to and decelerate from faster velocities, reducing the reliability of 

isokinetic parameters at faster isokinetic velocities (72,110).  

Nordic hamstring exercise and NordBoard 

The use of isokinetic dynamometers is considered by many to lack ‘functionality’ due to the 

seated position typically used when assessing knee extensor and flexor strength (64). 

Furthermore, the cost and availability of isokinetic dynamometers to practitioners as well as 

the time-consuming nature of the assessments reduces the potential utility of isokinetic 

dynamometers in applied practice (4,124). This has led to the emergence of other methods of 

eccentric strength assessment that can be more easily administered in training environments. 



The NordBoard is a device based on the Nordic hamstring exercise (NHE) which has been 

widely used in hamstring injury mitigation programs to develop eccentric hamstring strength, 

hence, the potential for its utility in training environments, see Table 3 (8,21,52). During the 

exercise an athlete begins in a kneeling position with support around the ankles, slowly falls 

forward maintaining an anatomical neutral hip angle and attempting to resist the increasing 

gravitational moment by activation of the hamstrings (14). Once the athlete reaches a point 

where they can no longer resist the increasing gravitational moment, they reduce effort and fall 

to the floor making contact in a press-up position. A NordBoard device measures the forces 

acting through both limbs where the athlete is supported around the ankles through strain 

gauges. Opar et al. (105) have reported the NordBoard to be highly reliable (ICC = 0.83 – 0.90; 

CV = 5.8-8.5%) and able to detect residual weakness in previously injured elite athletes 

(105,127). 

Prospective studies in male Australian rules football (105) and male football (Timmins et al., 

(127) found that low absolute NordBoard values (Australian rules <256N at the start of pre-

season and <279N at the end of pre-season; football <337 N) increased the chance of 

hamstrings injuries. Contrary, Bourne et al. (16) found no association between low eccentric 

strength assessed through the NordBoard and hamstring injuries in male rugby union players 

of various levels during one season but did find large bilateral imbalances to be associated with 

hamstrings injuries. Similarly, Roe et al. (114) found no association between NHE forces and 

hamstrings injuries in elite male Gaelic football players tracked over 12 weeks and van Dyk et 

al.(51) found no association of NHE force and many other isokinetic parameters to hamstring 

injuries in professional male football players in one Qatar national league season, highlighting 

the multifaceted nature of hamstrings injuries. Limited data is available on female football 

players, however, Cuthbert et al. (36) reported fair to excellent reliability within-session (ICC 

≥ 0.784, lower bound 95% CI ≥ 0.623) and good to excellent between-session reliability (ICC 

≥ 0.91, lower bound 95% CI ≥ 0.790) of NHE forces in 29 female football players. The authors 

also reported acceptable variability both within- (CV = <4.88% left; <4.86% right) and 

between-session (CV = 2.89% left; 4.01% right) and substantial agreement (k= 0.62) in 

identifying inter-limb asymmetry between sessions, suggesting the NHE as an appropriate 

method to monitor inter-limb asymmetry over time in female football players (36). 

Whilst the NordBoard has good practical utility it is not without limitations. Theoretically the 

resistive moment achieved by the two limbs combined (e.g., force attained from the strain 



gauge × the distance from the strain gauge to the knee joint axis for both limbs) achieved during 

the NHE at the point of breakpoint (when the player can no longer resist the gravitational 

moment and falls to the ground) is equal to the gravitational moment of the head, trunk, upper 

limbs and thighs about the knee joint at that point. The gravitational moment will of course 

depend on the height (in particular length from knee to head) and mass of the player which 

could influence the forces achieved during the NHE. Indeed, Buchheit et al. (20) found a large 

(R=0.55) association between NordBoard eccentric knee flexor strength and body mass in 81 

football players of differing ages and playing ability and 41 Australian football players. This 

highlights that NHE forces are body mass dependent and thus, values must be normalized by 

body mass to allow meaningful comparisons between age groups and with normative data. 

Eccentric knee flexor strength determined during the NHE has relatively low association (R 

<0.58; R2 <34%) and agreement to eccentric peak moments attained from isokinetic 

dynamometry (131). This is because often the range achieved by individuals during a NHE 

does not cover the angle of peak moment for the hamstrings, which is closer to full knee 

extension. Therefore, the NordBoard and isokinetic dynamometry are assessing different 

aspects of eccentric muscle action, and the NordBoard cannot consistently evaluate peak 

eccentric moment or force of the hamstrings unlike isokinetics. Furthermore, unlike isokinetics 

the speed of descent of the NHE cannot be controlled without additional measures (e.g., video 

tracking of center of mass velocity), which may further influence the tension developed in the 

hamstrings and thus, the force output from the strain gauges of the NordBoard. 

 

Vertical jumps: assessment of SSC function  

MDS actions such as sprinting and COD involve rapid triple extension of the hip, knee, and 

ankle and eccentric-concentric coupling mechanism) (91). As such, vertical jumps from static 

positions such as the squat and CMJ, and rebound jumps (e.g. drop jumps, 10/5 repeated jump 

test) are valuable assessments which can provide unique insights into the impulsive, explosive, 

and reactive strength characteristics of athletes which underpin MDS performance (see Table 

3). Specifically, the squat jump is performed from a static position (typically 90° knee flexion), 

with minimal involvement of the SSC, and is thus considered an indicator of rapid concentric 

strength and ballistic qualities (4,103). Conversely, the vertical CMJ, initiated from an upright 

position, does involve the SSC and represents “slow” SSC function (i.e., >0.25 s) due to time-

to-take-off (TTT) durations generally lasting ~0.6 s (93) and providing insights into slow 



reactive strength and elastic equalities. Moreover, single rebound jumps tasks typically 

performed from boxes (i.e., 30 cm) and RJTs (i.e., 10/5 repeated jump test) evaluate “fast” SSC 

function with typical contact times < 0.250s (subject to athlete physical capacity) (35). 

Rebound jump tasks are typically performed with smaller lower-limb flexion angular 

displacements, in contrast to squat and countermovement jumps, and thus may share greater 

mechanical similarities (i.e., dynamic correspondence and coordinative overload) with upright 

sprinting and MDS actions, though the larger angular displacement could be more 

representative of initial acceleration (100). 

A variety of different technologies are available to evaluate vertical jump height (and ground 

contact time where applicable) such as contact mats, camera technologies, optoelectronic, 

accelerometers, jump-and reach devices, and linear position transducers (30); however, despite 

their portability and ease of use, they generally calculate jump height based on flight time which 

is sensitive to errors (i.e., overestimations) due to alterations in body configuration at landing 

and take-off (30). Additionally, these technologies provide limited information regarding 

“jump strategy” and “how” the jump was performed. As such, as suggested earlier for isometric 

testing, force platform technology is recommended for vertical jump testing for deeper insight 

into phase-specific information and “how” the jump was achieved (i.e., "strategy" metrics) 

(95), which can have important implications for monitoring, talent identification, training 

readiness, and return to play (7,13).  

Commercially available hardware and software using proprietary algorithms can calculate a 

range of different kinetic and kinematic measures (across different phases of the task) 

pertaining to potential neuromuscular function during vertical jump tasks (2). However, these 

force-time metrics can be calculated manually through processes of differentiation, integration, 

and forward dynamics, or openly available spreadsheets  for the CMJ and drop jump (25,112). 

For the CMJ, while jump height is a key outcome metric, additional metrics such as time to 

take-off provides insights into movement strategy and can be used to calculate reactive strength 

index modified (jump height/time to take-off) whereby achieving a high jump height in a short 

time to take-off is a primary objective and indicative of superior reactive strength (13). 

Additionally, countermovement depth, and components of braking and propulsive impulsive 

(i.e., phase times and average forces) can also provide valuable insights regarding jump 

strategy (95), with a similar jump height performed with a shallower countermovement depth 

strategy considered superior (without negatively compromising net propulsive force). Finally, 



to account for body composition and body mass differences which could be present between 

players and positions, jump momentum is a suitable metric which may provide a fairer 

representation and comparison between athletes regarding the ballistic and reactive strength 

qualities. Reference data pertaining to CMJs in English national youth and senior football 

players on a contact mat was reported by Datson et al (40). To our best knowledge, however, 

no data exists in elite female football players related to CMJ force-time data and is thus an area 

of future direction of research.  

Traditional rebound jump testing involves dropping from a height and upon contact with the 

ground, rebounding for maximal height in a short ground contact time (31). Conversely, a 

repeated jump test is usually initiated with a countermovement and several consecutive 

repeated rebound jumps are then performed (122). Indeed, jump height, contact time, and 

subsequently reactive strength index (jump height/contact time) are considered key outcome 

metrics related to fast SSC and neuromuscular function (i.e., maximize jump height and shorten 

contact time) which can be collected without force platform technology. However, during drop 

jump testing, researchers have shown that actual fall height from a box may not correspond to 

the box height (i.e., athlete raises or lower center of mass) which therefore does not result in a 

homogeneous fall height within- and between individuals (94). With the use of force platforms, 

measuring body weight after the jump-landing, the actual fall height can be calculated  using 

the equations provided by McMahon et al. (94) and should be monitored when inferring 

reactive strength qualities in athletes. In addition to the previously mentioned metrics, Pedley 

et al. (111) using force platforms, advocates analyzing additional metrics including, spring like-

behavior (utilizing vertical displacement and vertical force data), vertical stiffness, impact peak 

and timing of peak braking, for insights unto SSC function. Spring-like behavior, short CTs, 

high JHs, high vertical stiffness, without early impact peaks is desired and theoretically 

represents a mechanical ability to effectively utilize potential elastic energy. International level 

female soccer reactive strength index values during the 10/5 repeated jump test are provided 

by Doyle et al. (48) but to our best knowledge, fast SSC function data in line with Pedley et al. 

has yet to be provided (111).  

Limitations and future directions  

The testing protocols outlined present evidence-based practices that might allow practitioners 

to take advantage of theoretical and technological advances that have occurred over the past 

decade in sport science. Each of the tests recommended can facilitate the development of 



individualized training programs and enhance the physical profile of women’s football players. 

However, this review is not without limitations, first, it is not a systematic review of the existing 

literature. Although the authors have summarized the current evidence to the best of their 

knowledge, it is not possible to state that all existing studies have been reported. Due to 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. Secondly, 

to date most of the research has focused on male soccer players. Previous literature has 

highlighted the challenges and limitations of translating results from male to female players; 

therefore, further research is needed to better understand the biomechanical and physical 

profiles of female soccer players. Furthermore, given 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, there 

is a need for further research in this area that includes female players to determine the test-

retest reliability and the development of normative values for female players. Such research 

will be beneficial for practitioners working with female players when choosing their testing 

battery and to inform athletic development strategies for female players. 

 

 

Conclusions  

This narrative review presented the most recent literature and best assessments practices for 

linear and MDS tests as well as offered practical recommendations for practitioners working 

with female football players. This review categorized tests as on-field and off-field highlighting 

some of the most common protocols, their advantages, and the existing limitations. These tests 

are valuable tools for assessing players’ performance, aiding practitioners in individualizing 

and optimizing training protocols, and serving as a benchmark for tracking physical changes 

throughout the season. The importance of testing and training these physical capacities is 

supported by prior research, which identified greater relative strength as a key determinant for 

sprint, COD, and jumping performance. It is clear that strength (eccentric, isometric, 

concentric, and reactive) and rapid force production capabilities are crucial for generating 

significant braking and propulsive forces, which are needed to perform linear and 

multidirectional actions. In conclusion, the evidence and practical suggestions reported in this 

review will improve the practitioners' knowledge of which tests and the consequent training 

protocols can be used in senior and elite female football players. However, practitioners need 



to be aware about the scarcity of comprehensive studies on female soccer which hinders a 

complete understanding of the reliability of all assessment protocols used. Therefore, more 

research involving female players is needed to ascertain this reliability and to establish 

performance standard values.  
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Figures and tables 

 
Figure 1. Example change of direction velocity time profiles in 180-degree change of direction tests with different approach distances, enabling 

identification and evaluation of change of direction sub-phase (i.e., initial acceleration, deceleration, turn and re-acceleration) performances 

(modified from Westheim et al., 2023). 5-0-5 = 5m approach prior to turn, 10-0-5 = 10m approach prior to turn, 15-0-5 = 15m approach prior to 

turn, IN-ACC = initial-acceleration, DEC = deceleration, RE-ACC = re-acceleration, E-DEC = early deceleration, L-DEC = late deceleration, E-

RE-ACC = early re-acceleration, L-RE-ACC = late re-acceleration.  

 

 

 

 

 

 



 
Figure 2. Acceleration-deceleration ability (ADA) test protocols using either (A) maximal sprint across a pre-set distance before decelerating 

maximally or (B) maximal sprint followed by deceleration to a stop at a pre-set distance.  

 

 

 

 

 

 

 

 

 

 

 



 
Figure 3. Velocity-time profile from an acceleration-deceleration ability (ADA) test.  

 

 

 

 

 

 

 

 
 



TABLE 1. The technical framework for a 505-test including required muscle strength qualities and potential assessments. 
 

Task Traditional 505 test (180° Turn) 
Phase Initiation (‘Approach’) Preparation Execution (‘’plant’’ step) Re-acceleration  
Sub-phases Ground Contact Flight TD PFC End of PFC (MKF) TD to MKF MKF to Take-off Ground contact Flight 

Photo sequence 
 
 

                                        

 

 

Critical Features • Slight torso lean. 
• Contra-lateral limb 

movement 
• Minimize TD distance 
• Minimal knee & ankle 

flexion 
• Extend hip, knee & 

ankle at toe-off 
• Opposite swing leg – 

knee flexion/ ankle 
dorsi-flexion to high 
knee lift position  

• Slight torso lean 
• Contra-lateral limb 

movement 
• Rapid limb switching 

with optimal limb 
folding mid swing to 
reduce moment of 
inertia.  

• ‘Pawing’ motion from 
hip in preparation for 
ground contact 
during late-stage 
flight 

• Lean (torso) 
back 

• Foot in front of 
CM at TD (Heel 
contact) 

• Lower CM position 
through rapid hip 
(~75°), knee (~120°) 
and ankle flexion at 
end of contact 

• Trunk now leaning 
forward 

• Possible pre-rotation 
of pelvis (postural 
adjustments) / 
external rotation of 
PFC lower-limb to 
reduce the 
redirection 
requirements for the 
FFC 

• Trunk upright 
• Foot ahead of CM 
• Period of dual-

support - helps 
↓‘Plant’ foot load 
& facilitates re-
acceleration out of 
turn. 

• Hip, knee & ankle 
dorsi-flexion 

• Avoid foot rotation 
& knee valgus 

• Trunk lean & pelvis 
rotates into 
direction into 
direction of travel 

• Rapid Extend hip, 
knee & ankle 

• Avoid double foot 
contact (e.g., ‘hop’ -
typically associated 
with ineffective PFC 
braking) 

• Trunk lean into 
directional of travel 

• Shorter steps 
• Foot contact behind / 

under CM 
• Extend hip, knee & 

ankle at take-off 
(Period of dual-
support allows 
effective position for 
re-acceleration) to 
project horizontally 

• Trunk lean 
into intended 
direction of 
travel 

• Vigorous arm 
drive 

• Low limb 
recovery in 
preparation 
for 
subsequent 
acceleration 
step 

Aim Produce highest controllable velocity  Reduce velocity & prepare for optimal 
position for ‘plant’ step 

Execute directional change safely & efficiently Increase velocity into reverse direction 

Movement 
Principles 

FP, Limb speed - swing 
leg, SSC, WBRS: SL × SF 

A-R 
WBRS: SL × SF 

↑ TD distance to 
↑ braking 
S-A trade-off, FP 

FP, ROM – ↑lower limb 
flexion, braking force 
applied for longer to ↓ 
momentum 

COD, SSC, WBR, 
Stability (↓CM/ ↔ 
Base), FP 

FP, ROM, SJM, WBR, 
Stability (↓CM/ ↔ 
Base) 

↓ TD distance 
(Stability) 
ROM, SJM, WBRS: SL × 
SF, FP 

A-R, WBRS: SL 
× SF 



Underpinning 
Muscle Strength 
qualities 

Fast reactive strength 
RFD / Impulse 
 

Eccentric strength 
(hamstrings late / 
terminal swing) 
Isometric hamstring 
strength / RFD / Impulse 

Eccentric strength 
/ RFD / Impulse 
(Knee extensors & 
Flexors; hip 
extensors) 

Eccentric strength/ RFD 
/ Impulse (Knee 
extensors & Flexors; hip 
extensors) 

Eccentric strength 
(Knee extensors & 
Flexors; hip extensors) 
Slow SSC ability 
 
 

Slow SSC ability 
Concentric strength 
(lower limb 
extensors) 
Isometric strength & 
RFD 

Concentric strength 
(lower limb extensors) 
 
RFD 

Concentric 
(lower limb 
extensor) & 
hip flexor 
strength (to 
aid limb 
recovery)  

Potential 
Assessments 

Drop Jump; 10/5 
Repeated Jump Test; 
BOSCO 
Isometric mid-thigh pull 
Single joint-isometric 
hip and ankle extensors 

Isokinetic Dynamometry 
NordBoard 
Isometric 90/90 or 
30/30 

Isokinetic Dynamometry 
NordBoard 
 

Isokinetic 
Dynamometry 
NordBoard 
 

Countermovement 
Jump (for COD of 
longer contact time) 
Isometric mid-thigh 
pull  
Single joint-
isometric hip and 
ankle extensors 

Squat Jump 
1RM Back Squat 
Isometric mid-thigh 
pull 
 
Single joint-isometric 
hip and ankle 
extensors 

 

Note:  PFC = penultimate foot contact; FFC = final foot contact; TD = touchdown; COD = change of direction; CM = center of mass; MKF = max knee flexion; SL = step length; SF = step 
frequency; RFD = rate of force development. 
Movement principles based on Lees (2008): force production (FP), to produce maximal effective force a firm base is required to push off; limb speed is when a limb will rotate quicker if it 
is more compact (flexed and held close to the axis of rotation); stretch-shorten cycle (SSC), enhancement of concentric force production following a prior eccentric muscle action providing 
minimal delay between each; whole body running speed (WBRS) is influenced be the interaction of step length and step frequency; action – reaction (A-R): simultaneous movements of 
opposing limbs, contra-lateral limb movement of the arms is required to maintain angular momentum about the long axis of the body; change of direction (COD), to facilitate a change of 
direction the foot needs to be placed to generate horizontal force perpendicular to the initial direction of travel; range of motion (ROM) to increase or decrease momentum (and thus, 
velocity) force (propulsion or braking) needs to be applied for longer (impulse = force × time); simultaneous joint movements (SJM) to produce maximal propulsive force through 
extending hip, knee and ankle simultaneously; speed-accuracy trade-off (S-A trade-off) - when greater accuracy is required velocity is reduced; whole body rotation (WBR), arms close to 
the body to reduce whole body moment of inertia for faster rotation during the directional change. Stability – objects are more stable with a low center of mass and wide base of support; 
conversely, performers can take advantage of instability (CM ahead of the base of support) to increase (angular) momentum into the intended direction of travel such as during early 
acceleration steps. 

 
 

 

 

 

 

 



 

Table 2. Recommendations for selected on-field tests: rationale, advantages, and disadvantages.  

 

Test Rationale Advantages Disadvantages 

Chane of direction speed 

testing and 505 COD 

- The ability to perform rapid changes of 

direction is critical in numerous court- 

and field-based sports, including 

football. 

- Football players frequently encounter 

scenarios where they must evade 

opponents, switch directions, and 

maintain control of the ball. 

- The 505 COD test is commonly used to 

assess COD ability in the horizontal 

plane. 

- Unlike other CODs tests, the 505 Test 

uses a single 180-degree change of 

direction, potentially distinguishing 

between dominant and non-dominant leg 

performances.  

- The 505 COD test is widely used due to 

its straightforward setup and minimal 

cost. 

- It can be used to distinguish between 

dominant and non-dominant legs, and it 

can be useful for assessing asymmetry. 

- Requires no reactive ability, making it a 

measure of CODs rather than agility. 

- The 505 COD can be performed with 

different approach distances (i.e., 5m, 

10m, 15m) and is commonly used to 

obtain more detailed insights on a 

player’s COD performance 

- It accurately measures the change of 

direction speed over short sprint 

distances, while other tests could be more 

suitable to assess higher COD speed.  

- Unlike true agility tests, the 505 COD 

test does not incorporate perceptual 

cognitive abilities or reactive 

movements. 

Horizontal deceleration testing - Football players frequently encounter 

scenarios where they must evade 

opponents, switch directions, and 

maintain control of the ball. Therefore, 

- Field-based technologies that facilitate 

continuous velocity measurements 

should be used to obtain reliable 

deceleration performance measures such 

as average and peak deceleration, 

- Equipment and space requirements to 

obtain accurate data.  

- Time to execute the assessment could 

be a limiting factor in football settings.  



horizontal acceleration and deceleration 

capacities are critical.  

- Horizontal deceleration can also be 

assessed using an ADA test where a 

player either (a) sprints maximally across 

a pre-set distance before then 

decelerating maximally, or (b) sprints 

maximally and decelerates to a stop at a 

pre-set distance (see Figure 2). 

distance and time-to-stop. Figure 3 

illustrates an example velocity-time 

profile measured using a radar device 

(Stalker ATS II) from an ADA test. 

- Proper execution of the test demands 

technical proficiency to ensure reliable 

data. 

Linear sprinting  - Linear sprinting refers to straight-ahead 

sprinting in a single direction without any 

significant changes in trajectory. 

- In football, linear sprints are crucial for 

various scenarios, such as chasing down 

opponents, breaking away from 

defenders, or reaching a ball quickly. 

- The primary rationale for emphasizing 

linear sprinting is to enhance acceleration 

and maximal velocity, which are 

essential for success in match situations 

- The gold standard method to assess 

linear sprinting is an automated system 

with pressure-sensitive starting blocks 

and high-resolution cameras. However, 

such systems are impractical in most 

applied settings due to their high cost.  

- More cost-effective solutions such as 

hand-held systems, radar guns, photocell 

systems, GNSS and video analysis are 

recommended.  

- Stopwatches are simple to use but are 

limited by the reaction time of the 

individual and are therefore not 

recommended.  

- The use of dual-beam systems (as 

opposed to single beam) is recommended 

as they minimize the likelihood of a false 

signal from an outstretched arm or leg, as 

opposed to the participant’s torso.  

- Photocell systems assess average speed, 

but unlike radar guns and GNSS, they are 

not suitable for measuring peak speed or 

providing instantaneous speed profiles. 

Curved sprinting - Curved sprinting refers to sprinting with 

trajectories that involve changes in 

direction, such as arced runs, swerves, 

and curved paths. 

- Curved sprints allow players to cover 

ground while maintaining speed, 

especially when navigating around 

- Curved sprints impose different 

neuromuscular, mechanical, and 

bioenergetic demands on the inside and 

outside legs. 



- In football, players frequently perform 

curved sprints during match play to 

evade opponents, track the ball, or 

strategically position themselves. 

- Approximately 85% of actions 

performed at maximum velocity in 

professional football leagues are 

curvilinear sprints. 

opponents or positioning themselves 

optimally. 

-  Testing and training curvilinear 

sprinting alongside traditional linear 

sprints can help identify players who 

need further development in this specific 

skill. 

- A specialized sprint test tailored for 

football players was previously 

developed (see text). This assessment 

leverages the curvature of the penalty 

area on a standard football field, 

encompassing 17 meters. 

- The reliability of this curvilinear sprint 

test was verified in male but not in female 

players.  

- An intra-class correlation coefficient 

ranging from 0.75 to 0.96, was found; 

therefore, a familiarisation process is 

needed to obtain reliable data.   

- Skills required for curvilinear and 

straight-line sprinting exhibit a certain 

degree of independence from one 

another. Consequently, we suggest the 

inclusion of both linear and curvilinear 

sprinting tests within the assessment 

batteries.  

 

COD: Change of direction; ADA: Acceleration-deceleration ability; GNSS: global navigation satellite systems;  

 

 

 

 

 

 

 

 



Table 3. Recommendations for selected off-field tests: rationale, advantages, and disadvantages.  

 

Test Rationale Advantages Disadvantages 

Isometric mid-thigh pull 

(IMTP) 

- MTP provides a reliable and valid 

measure of maximum multi-joint 

isometric strength and rapid force 

production.  

- When performed on a force plate, the 

IMTP quantifies peak force, relative 

force, RFD, and time to peak force. 

- The IMTP has been found to associate 

with vertical jumps, sprints, and 

multidirectional speed performance.  

 

 

- IMTP performance variables correlate 

with actions like vertical jumps and 

sprint speed. 

- IMTP is a safer alternative to traditional 

1RM testing. It requires a low training 

experience. 

- IMTP and isometric exercises can be 

used in training programs to develop 

strength, power, and tendon stiffness. 

- IMTP assesses isometric strength only 

and does not capture dynamic strength or 

power. 

- Equipment and space requirements: 

performing IMTP requires access to a 

fixed barbell and a force plate for 

accurate measurements. 

- Proper execution of IMTP demands 

technical proficiency to ensure reliable 

data. 

Isometric hamstring test The isometric hamstring test assesses the 

strength and function of the hamstring 

muscles. 

- It involves holding a static position 

without movement, specifically targeting 

the hamstring group. 

- Practitioners use this test to evaluate 

hamstring strength, especially after 

injuries or during rehabilitation. 

- Isometric tests are safer than dynamic 

movements, reducing the risk of re-injury 

during assessment. 

- By quantifying the force produced 

during the isometric contraction, 

clinicians obtain objective data. 

- Isometric testing can identify subtle 

weaknesses before they lead to 

significant functional deficits. 

- The test only evaluates static strength, 

not dynamic muscle function. 

- Equipment and Space Requirements: 

Proper execution requires access to a 

force plate or other measurement tools. 

- Correct positioning and athlete’s effort 

influence results, demanding technical 

proficiency. 

- Isometric testing does not replicate real-

world movements or sports actions. 



- Isometric testing provides valuable 

information about muscle function and 

potential weaknesses. 

- Results guide practitioners in 

determining when athletes are ready for 

more intense exercises. 

Countermovement (CMJ) and 

squat jump (SJ) 

- The CMJ is a vertical jump test where 

an athlete quickly squats to a self-

selected depth and then jumps as high as 

possible. 

- It serves as a measure of explosive 

lower-body power and is widely used by 

coaches and researchers. 

- The CMJ can be performed with or 

without an arm swing, with the arm-

swing version yielding higher 

performance. 

- Various measurement tools, including 

contact mats, force platforms, and high-

speed cameras, provide valid and reliable 

CMJ data. 

- The SJ involves jumping vertically 

from a static squat position without any 

countermovement. It specifically 

assesses lower limb explosive power and 

strength. SJ performance is often 

measured using force platforms or other 

accurate tools. 

- The CMJ and SJ are two of the most 

reliable tests for lower-body power 

compared to other jump tests. 

- CMJ and SJ results relate to sprint 

performances, maximal strength, and 

explosive strength. 

- Including an arm swing can boost CMJ 

performance by ≥ 10%. 

 

- Proper execution demands access to 

force platforms or other measurement 

tools. 

- Without an arm swing, the squat jump 

does not fully replicate real-world 

movements. 

- SJ does not capture the full spectrum of 

lower-body power (limited SSC) as the 

CMJ does. 



Drop Jump (DJ) - The DJ is a fitness test that assesses leg 

strength and power. During this test, the 

athlete drops off a box and immediately 

performs a maximal vertical jump. 

- It involves an aggressive eccentric-

concentric muscle action, utilizing stored 

elastic energy through the SSC. 

Incremental DJ test can be used for 

measuring reactive leg strength, where 

the athlete jumps after dropping from 

various heights. 

- The DJ measures explosive force 

generated by the lower limbs. 

- It provides insights into an athlete’s 

ability to utilize stored energy during 

rapid movements. 

- This test can be used to assess the risk 

of anterior cruciate ligament injuries. 

 

- Standard-size boxes may not be readily 

available and might need custom 

fabrication. 

- Results can be affected by body 

position during take-off and landing. 

- If an athlete bends their legs upon 

landing, flight time and jump height 

calculations may be affected. 

- Participants must avoid arm-swinging 

during the test. 

Isokinetic dynamometry Isokinetic dynamometry assesses muscle 

strength and joint function. During the 

test, an athlete pushes against a 

dynamometer (a device measuring force) 

attached to the affected joint. The 

dynamometer provides resistance to 

maintain a set speed during the 

movement. Isokinetic testing is valuable 

for understanding force-length-velocity 

relationships in muscles. 

- Isokinetic dynamometry provides 

quantitative data on muscle strength. 

- The test maintains a constant velocity, 

reducing injury risk. 

- It can predict shoulder injury risk and 

assess muscle function. 

- Isokinetic testing guides rehabilitation 

exercises and training programs. 

 

- Requires specialized isokinetic 

machines and proper setup. 

- Only evaluates static strength, not 

dynamic muscle function. 

- Correct positioning and effort influence 

results. 

- Does not replicate real-world 

movements. 

NoardBoard The NordBord is a hamstring testing 

system. It assesses hamstring strength 

and the balance of strength between legs. 

The NordBord is widely used for 

assessing individuals and sporting teams. 

- The NordBord is proven by dozens of 

research studies and has set the standard 

for hamstring strength assessments. 

- Requires access to the NordBord 

system. 

- Focuses solely on hamstring strength 

and does not assess other muscle groups. 

 



When used alongside the app, it enables 

quick and accurate measurements.  

 

-  Setting up, testing, and reporting take 

under a minute. Real-time results allow 

for immediate feedback. 

- Provides quantitative data on hamstring 

strength. 

- Measures both eccentric and isometric 

hamstring strength. 

 

 

IMTP: Isometric mid-thigh pull; 1RM: One-repetition maximum; RFD: Rate of force development; CMJ: Countermovement jump, SJ: Squat 

jump; DJ = Drop jump; SSC: stretch-shortening cycle 

 

 


