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Abstract

Multi-directional speed (MDS) can be defined as ‘the competency and capacity to accelerate,

decelerate, change direction, and maintain speed in multiple directions and movements, within
the context of sports-specific scenarios’. The components of MDS are linear speed, change
of direction speed, curvilinear speed, contextual speed and agility. A MDS development
framework is provided for the practitioner which considers the complexities of the growing
athlete within a progressive sequence of skill learning and adaptation. Practical examples for
each MDS component are provided and discussed within weekly microcycle examples that

represent different stages of development for the youth athlete.

Key words: sprinting, change of direction, agility, training load, soccer, youth athletic

development.

Introduction

Multi-directional speed (MDS) can be defined as ‘the competency and capacity to accelerate,
decelerate, change direction, and maintain speed in multiple directions and movements, within
the context of sports-specific scenarios’ (90). MDS comprises of linear speed, change of
direction (COD) speed, curvilinear speed, contextual speed, and agility, which each have
unique physiological, biomechanical and neuro-cognitive characteristics that can either be
differentiated or harmonized to optimise training. The purpose of this article is to provide
readers with an applied framework to utilise the concepts of MDS within a long-term athletic

development (LTAD) program.

When structuring a training programme, it is important to note that the underpinning
improvements in performance are a result of the chronic exposure to training stimuli (132);
therefore, managing fatigue and optimising performance capabilities through the strategic
manipulation of physiological stressors are imperative. Numerous strategic approaches have
been proposed to maximise training adaptation in athletes; for example, linear, conjugate,

concurrent, block, and concentrated models of periodisation (63). However, given the inherent
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structure of a soccer annual calendar (e.g., pre-season ~ 4- to 6-weeks vs in-season ~ 40-
42-weeks) mean the abbreviated windows in which to develop physical qualities can present
as a common barrier to what is considered ‘best practise’ for practitioners embedded within

elite soccer clubs (145).

In contrast to their senior peers, youth soccer players may be afforded a better opportunity to
optimise athletic preparation with a long-term vision in mind. Rather than winning being the
primary focus, an emphasis should be placed on the development of better youth soccer
players in line with the club’s philosophy, while promoting their fitness, health, and wellbeing.
Therefore, the use of periodization approaches which permit for the structure of a training
programme in stages and cycles in accordance with the progressive overload principle will
enable desired physiological changes to occur. With the correct balance of workload and
recovery, MDS training strategies can be used to progressively prepare the youth soccer

players for the speed demands of the senior game.

With that said, the authors acknowledge that constraints may be placed on the amount of gym-
based activity their youth athletes can experience (i.e., low training age and/or limited
resources). It should be noted, however, that strength is considered a fundamental quality to
train in youth (79-81) and, given that the young soccer player will typically have a low training
history, positive adaptations to an individual’s strength characteristics can be made with simple
methods that require limited equipment (56). Therefore, a “mixed-methods” training approach
(53,132) within the frameworks of block periodization and phase potentiation may provide a
viable long-term strategy for maximising the transfer of training and physical preparedness
(31,32). Importantly, the integration of MDS training within these paradigms can work to
complement the development of skill and physical qualities simultaneously. Demonstrating the
importance of a holistic approach in MDS development, training must be configured in a way
in which all phases of each MDS component are learned in sequential order, as to reinforce
physical literacy and technical proficiency in movement. Speed performance in soccer is rarely

linear, and as such, more investigations are warranted into how these approaches can work
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towards bringing about specific physiological adaptations that are complementary to the
kinetic, kinematic, and spatiotemporal characteristics unique to a sequenced approach to
MDS development (90). Until more is known in this regard, the aims of these next sections
are to discuss a theoretical framework for the field-based development of MDS within the

context of LTAD.

Multi-Directional Speed in a Long-Term Athletic Development Framework

Programming for the youth athlete requires careful consideration, due to the complex nature
of growth and maturation, with which the timing and tempo of such processes are highly
variable between each individual (84). The development of various sub-systems (i.e., skeletal,
central nervous and cardio-respiratory), altering hormonal concentrations, alongside the
changes to functional tissue (i.e., morphological, metabolic and mechanical) will bring about
improvements in physical abilities, such as muscular strength, power, sprint speed, anaerobic
and aerobic capacity, as an individual matures (5,7,114,116,144). Due to the non-linear
development of such processes, certain authors have proposed models that are based on
theoretical “windows of opportunity” in the training of targeted physical attributes, whereby
youth athletes are more sensitive to training-induced adaptation at specific periods of
development (8,144,151). These proposed models, such as the long-term athletic
development (LTAD) model (8), have been widely adopted in youth athletic development
practises, aiming to provide a progressive framework for coaches and practitioners on which

to coach and develop their youth athletes within a multi-year training structure (8).

With respect to speed development, however, it has been shown that only weak to moderate
relationships between changes in testosterone levels (51), growth rates in stature or body
mass (20,150), and sprinting development exist during adolescence. Changes in leg length
which correspond to growth have been suggested to explain improvements in sprint speed

through increases in stride length (128), yet this cause and effect relationship remains unclear.
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Morphological characteristics have been shown to differentiate sprinting performance in top-
level sprinters, whereas leg length did not (75). Taken together, these results suggest that a
host of factors, such as changes in muscle mass (144), muscle-tendon morphology (73) and
neural mechanisms (83,104) can all influence sprinting development, which may be explained
by a combination of growth, maturation, physical, and chronological factors (e.g., motor skill
learning), and not merely ‘sensitive periods’ of development in relation to key time points with
respect to biological age. As such, alternative frameworks have been proposed that
demonstrate that all physical attributes are trainable during all phases of development
(42,81,140), and it is perhaps, more specifically, the explicit training method itself that is most

effective to develop a physical attribute during a certain phase of development (140).

What is well established, however, is that the ability to effectively apply large relative ground-
reaction forces in the intended direction of travel is essential in MDS performance
(26,39,74,91,149), of which should remain a key theme running through all stages of a LTAD
programme. These training methods should be trained concurrently, but at different volumes,
densities, and intensities, with respect to the individual’s needs, which is the fundamental basis
of periodization. Resultantly, it is now widely recognised that previous training experience
should be a primary factor in the level of technical and physical requirements of a given training
task, irrespective of age or maturity level (79). Thus, the proposed framework for the
development of MDS uses ‘training age’ as a key modulator in the planning and progression

of MDS training.

The authors propose a three-phase structure for developing MDS (Figure 1), where, from a
motor skill learning perspective, pre-planned drills are required to learn correct techniques,
with gradual progression in intensity (i.e., velocity and angle) and complexity (i.e. introduction
to stimuli) as the athlete develops in movement competency and capacity (38,100). This
phased structure aligns with the principles of the short-to-long (S2L) approach, which is a
training methodology that has been adopted in elite sprinting (44,45), and extended in other

sprint-related disciplines, as a means of harmonising the physiological adaptations derived
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from phased resistance training, sport training, and speed enhancement (i.e., Seamless
Sequential Integration; SSI) (30). Briefly, the S2L approach is a speed development strategy
based on the theoretical basis that athletes who can accelerate for greater distances will likely
attain greater maximal velocities (119). The pioneer of this approach, Charlie Francis, also
explains how technique is a pre-requisite and high skill levels need to be developed early in
the pursuit of sprinting excellence (44). The model prescribes shorter sprints at the start of the
training cycle that are progressively extended over time as physical and technical

characteristics of the athlete matures (44,45).

Integrating this type of approach within the tenants of SSI has been suggested in relation to
the acceleration capabilities of soccer players, where preliminary investigations into the
distinct parameters associated with each sub-phase of acceleration, and their relationship with
key strength-power characteristics, have been explored (11,12). Extrapolating these findings
to the context of MDS, it is clear to see how these concepts can be conceptually applied. In a
brief example, in theory, one may couple deceleration technique and ‘tempo’ / flywheel
eccentric resistance training (134,135) as a method for developing a foundation of
deceleration capabilities. The adaptations realised from this block of work, namely technical
competency and eccentric strength, may then carry over to a subsequent training block in
which the MDS emphasis may be deceleration capacity, where drills of greater approach
velocities (increased distances) and COD angles (>90°) are utilised to intensify deceleration
loading. As such, with an understanding of the key kinetic and kinematic characteristics within
each individual component of MDS (90), practitioners can aim to train strength and speed
concomitantly with the goals of harmonising a milieu of physiological and neurological

adaptations to optimise physical preparedness and MDS performance (Figure 1).

What must be acknowledged, however, are the inherent concerns that coincide with the
adolescent growth spurt in youth athletes. Young individuals are particularly susceptible to
growth-related injuries around the ages of PHV (19,139), or when growth rates are high

(65,71,89,139), which will have important implications for the implementation of MDS training.
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The rapid gains seen during the adolescent growth spurt can result in neuromuscular control
deficits (112), to which it has been suggested that previously attained movement patterns may
need to be re-learned or modified (114). From a biomechanical perspective, the rapid growth
of the whole-body and changes in limb length and mass will lead to increased moments of
inertia around the joints (2,57), which may exacerbate injury risk, particularly if ‘at risk’ postures
are demonstrated (e.g., knee valgus during cutting) (58,68,91). Therefore, an emphasis on
sensorimotor function and re-addressing fundamental MDS technique principles is
recommended for individuals experiencing rapid growth (Figure 1). Furthermore, the increases
in sprint speed as an individual matures (i.e., increase in body size and mass) (112,120)
indicates that the youth athlete will experience an increase in their whole-body momentum
(i.e., T mass x 1 velocity = 1 momentum) during sprinting, which will subsequently require
greater braking impulse to reduce this momentum. Resultantly, during MDS movements,
heightened musculoskeletal loading may manifest with which the rapidly growing athlete may
be unaccustomed to. Preliminary investigations support this observation, where, in elite
academy soccer players, the rate of performance increases in linear speed (e.g, 5, 10 and 20
m) corresponded with increases in maturity, whereas this rate of improvement was
significantly reduced in the performance of a 180" COD test during the period of PHV (108).
Thus, an emphasis on deceleration competency and capacity during this phase is highly
recommended, ‘you wouldn’t drive a sports car without good quality brakes’. Although largely
speculative, the inherent nature of this type of training (i.e., reduced exercise intensity due to
a technical emphasis) may also be a means of reducing the overall training load (TL) within
the week for individuals who may be sensitive to the intensive demands of training (139). The
temporary vulnerability of bodily tissues, including musculotendinous junctions, ligament
structures, growth cartilage and bone mineral density during this period (2,15,139,146,147)
may reduce the loading capabilities of the young athlete, which needs to be carefully managed

in order to reduce their risk of sustaining an injury.
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***Insert Figure 1 around here

It is within this holistic overview of the growing athlete that a decision can be made on the
appropriate training methods to employ. For example, training methods that emphasize
diversity and a variety of stimuli in pre-pubertal individuals will serve to maintain the interest
of child athletes and develop multi-skill agility (103). The unique physiology of the less mature
individual means that sprint-type activity requires less recovery time to perform subsequent
bouts at high-intensity, due to reduced force-producing capabilities of immature children
(98,117). The self-regulatory nature of game-based training will serve to keep the child athlete
active and engaged, while still developing MDS qualities. Alternatively, more physically
demanding training methods (e.g., increased volumes and intensities) that harness the late-
pubertal individual’s heightened androgenic responsiveness, who will typically possess a
greater training age and TL tolerance, may allow for an emphasis to be placed on building
movement capacity, developing specialised movement capabilities, and providing
supplementary resistance-based strategies that develop explosive strength qualities

(49,50,80,81,115,151).

This decision process should operate on a fluid continuum, where different densities and
intensities are targeted depending on the individual (Figure 1). It should be noted that each
phase should still be incorporated throughout the various stages of a MDS development
programme; however, the density of each phase will vary depending on the individual's
training age, chronic training load, maturation status, rate of growth, technical competency,
and physical strengths and weaknesses (Figure 1). Anecdotally speaking, the cultural and
philosophical values of the soccer club can play a huge role in the implementation of any
athletic development model the practitioner chooses to utilise. The development of a MDS
model should be by no means a rigid structure and aim to harmonise the club’s core principles

with the scientific principles of MDS. This approach will work to optimally facilitate the
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integration of the club’s technical and tactical principles within a MDS development framework

(90).

Programming Considerations

To date, recommendations for the appropriate frequencies, volumes and distances of MDS
training are limited for the youth population, with the relationships between the TL, athletic
performance and injury risk being unclear (46). It has, thus far, been difficult to determine how
to best structure sprint training in youth (121). General recommendations for sprint training
suggest that youth athletes should perform up to 2 sprinting sessions per week, with up to 16
sprints within distances of 10 to 30 m, accumulating total distances between 240 to 480 m
each session (94,122). Efforts of sprints should be interspersed with at least 90 s of rest, or a
work-to-rest ratio of 1:25, to allow for full recovery (94), with the aim of sessions being to

perform high-quality, technically sound work, while maintaining maximal exercise intensities.

These recommendations, however, are generic in nature, and specific guidelines for the
different components of MDS training (i.e., acceleration, deceleration, COD, curvilinear
sprinting, and maximum velocity) need to be developed for the youth athlete and are
recommended areas for future research. As mentioned previously (90), MDS manoeuvres
display different kinetic, kinematic and spatiotemporal characteristics, in which the
performance of such actions will have implications for the physiological and biomechanical
load-adaptation pathways, which have different rates of response (141). This may have
consequences for the planning and periodization of specific components within the MDS
continuum, both at the micro- and meso-level, when determining the appropriate dosage of
MDS components within training cycles (Figure 2). For example, in late-adolescent soccer
players, 2-weekly COD speed and technique training sessions within shorter distances (i.e., <
20 m) have seen athletes complete up to 54 COD maneuvers (e.g. 4-25 decelerations; 20-38
COD actions) and total distances between 230 and 425 m each session, all within relative

intensities ranging between 50 to 100 percent of perceived speeds (34). Conversely, dosages



213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

concerning maximum velocity sprinting, typically performed over greater distances (i.e., = 30
m), may require markedly smaller overall volumes. Research from elite Gaelic footballers
suggests that, per session, 6 to 10 maximum sprint speed (MSS) exposures, attaining at least
95% of MSS, and accumulating total sprinting distances between 60 to 90 m, was necessary
to reduce injury risk and prepare athletes for competition (88). Pertinently, when performing
higher volumes of MSS distance (e.g., 120 to 150 m), players with higher chronic TLs
presented a markedly lower injury risk (Odds Ratio; OR = 0.26) in comparison to their
teammates with lower chronic TLs (OR = 3.12) (88). Further investigations are certainly
warranted to determine the appropriate TL and dosages for field-based MDS training in youth

soccer players.

Ultimately, when prescribing MDS training, the practitioner should be aware of the numerous
considerations that have been discussed above. It should be recognised that youth soccer
players are engaged in other forms of physical activity (i.e., training and match-play), which
can expose them to high volumes of high-speed running distance, sprinting distance,
acceleration and deceleration actions within their skill-based work. Moreover, the youth athlete
may be involved in additional sporting activities, physical education classes in school, or even
represent other soccer clubs at regional or national levels. This should reflect in the relative
dosage of MDS training within specific time frames (Figure 1). It is also appreciated that, due
to the limited resources available at the youth soccer level, access to advanced monitoring
technologies, such as global-positioning systems (GPS), may be difficult. Resultantly, we
advise and encourage practitioners to be initially conservative with the volumes and movement
intensities they expose their youth athletes to, with an emphasis placed on quality and fun,
rather than quantity, and monitor how their athletes respond to training through continual
communication, alongside the utility of readily-available methods, such as subjective load and
wellness and the monitoring of injuries and pain (97,125,136,137). As previously stated, a
better understanding of the optimal dosages for MDS development is required in both adult

and youth populations. With that said, we recommended a training approach where total
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distances (e.g., 230-480 m), MSS distance (e.g.,, 60-90 m), COD’s (e.g., 20-40) and
decelerations (e.g., 2-40), are performed within a range of distances depending on the MDS
focus (e.g., 2.5 — 60 m). Practitioners should also limit week to week changes, or progressive
increases, within 10% for the aforementioned variables (16,33,113,131). Anecdotally, we have
adopted this approach in elite and sub-elite youth soccer populations and found this method
to be successful and can be integrated into extended warm-ups (examples provided in

following sections), prior to skills-based sessions for approximately 15-30 minutes.

Training Methods

With an understanding of the theoretical underpinnings of MDS, combined with an
appreciation for the unique considerations for the growing adolescent athlete, practitioners are
better able to identify exactly what physiological or biomechanical mechanisms they are
aiming to appropriately overload at specific time points within a programme. Ultimately, in the
applied world, practitioners are challenged with the task of identifying the most suitable training
methods to attain the desired outcomes from their athletes, of which can be highly dependent

on the context in which it is applied.

Although far less extensive, findings from research have demonstrated the effectiveness of a
variety of training interventions (e.g., traditional sprint training, resisted sprint training,
plyometric training, resistance training, or combined training) on components of MDS speed
(6,47,69,102,121). A variety of methods for developing force production capabilities (i.e.,
resistance training, plyometrics, resisted sprinting) are recommended to work in concert
alongside field-based training methods to reinforce MDS performance and to elicit positive
tissue adaptations (i.e., bone, ligament, tendon and muscle). Although they will be briefly
discussed in this section, readers are directed to the following texts for more descriptive
reading on these complementary methods (53,59,133,138). The following sections will discuss

how the concepts proposed by the authors can be used for developing MDS qualities in youth
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soccer players. The overarching philosophy for MDS development in youth soccer players
should be to expose their athletes to an expansive range of diverse movement skills,
developing robust and effective multi-directional athletes, who have the competency to
accelerate, decelerate, and change direction rapidly and effectively from both limbs. As such,
the aims of this section are to provide some practical examples of how training methods along

the MDS continuum can be implemented in a soccer setting.

Linear Speed

As previously discussed, an athlete’s ability to accelerate is governed by the amount of
horizontal force that is effectively applied to the ground (61,74,95,149). An effective horizontal
transmission of these forces over increasingly abbreviated GCT during acceleration has been
termed mechanical effectiveness (124). It is recommended that the development of
mechanical effectiveness work in compliment to a gym-based conditioning programme, which
can be achieved through targeted resistance training of the mechanical qualities (i.e., force,
velocity and power) that underpin the kinetics specific to each sub-phase of acceleration
(Figure 2.A). Researchers who have evaluated the effects of sprint-specific training methods
on linear sprint performance (i.e., free, assisted- and resisted-sprinting) have shown them to
demonstrate favourable adaptations to specific aspects of the force-velocity profile in athletes
(21-24,28,59,111). For example, ‘heavy’ sled towing loads (e.g., > 75% decrement in velocity;
Vdec) may target specific ‘force’ aspects through training strength-speed qualities
(21,23,28,59,111), which may correspond to earlier sprinting phases (e.g., early- and mid-
acceleration; Figure 2.A). Alternatively, ‘lighter’ loads (e.g., <25% Vdec), free or assisted-
sprinting (21,23,28,59,111) may of benefit to later sprint phases (e.g., late-acceleration,
‘transition’ or maximum velocity; Figure 2). As previously discussed, with an understanding of
the kinetic, kinematic and spatiotemporal factors that govern specific elements of the MDS
continuum (90), increases in sprinting performance may be achieved through manipulation of
targeted loads within a given zone of training. Readers are directed to the following reviews

for a more comprehensive overview of resisted-sprinting training methods (4,22,24,28,111).
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Another consideration is that of the starting position for acceleration, as in soccer, players will
initiate movement from a variety of positions (i.e., crouched start, athletic stance, walking,
jogging, or soccer-specific actions) during match-play. Exposing the athlete to a variety of
different sprint-start positions (Figure 2.B) will thus serve as a means to develop an athletes
movement library by exposing them to a range of postures which can influence the kinetic and
kinematic outcomes of the first few steps of acceleration (96,130). As sprinting distances
increase, practitioners should be cognisant of the characteristics that demarcate a transition
to near maximum velocities. These are unique to each athletic population; for example, in
rugby union athletes, 96% of maximum velocity was achieved by every athlete at the 21-metre
mark (9). The stimulus provided to the athlete for attaining >95% of peak speed is of great
benefit from both performance and injury perspectives (88,92), yet these intensities are also
highly taxing on the central nervous system and require conscious management in dosage.
Practitioners should aim to develop their own population-specific sprint profiles for their
athletes, which will ensure the sub-phases of acceleration are accurately classified and ensure

that larger sprinting distances are dosed appropriately.

Further to this point, a variety of “ins-and-outs” drills can be a useful strategy in the
management of sprinting distances to the same effect (Figure 2.C). Although the science less
clear in this regard, theoretically, these drills may allow for the manipulation of movement
speeds within a drill associated with maximal effort sprinting, while still re-enforcing sprinting
mechanics. Speculatively speaking, these types of drills could be used with players going
through periods of accelerated growth as a means of reinforcing sprinting technique and
locomotive economy within reduced movement speeds. Furthermore, varying the movement
intensity within a pre-determined distance enables players to initiate sprints from a variety of
locomotive profiles (i.e., walking, jogging and running), which more likely replicates the

stochastic nature of soccer.
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***Insert Figure 2.A, 2.B and 2.C around here***

Change of Direction Speed

COD speed can be considered the mechanical basis for effective agility (38,40,100,129).
Similar to the principles of linear speed, COD speed is determined by the technical ability to
effectively apply force in the intended direction of travel (36,39,67,91). It is important to
develop the athlete's technical competency using a controlled and progressive approach,
which can reinforce desirable movement mechanics through shallower angles before
movement intensities are increased (Figure 3.A). These initial drills enables the coaching of
different COD actions, such as side-steps, cross-over cuts (XOC), split steps, pivots, as well
as initiation and transitional maneuvrability movements, with low movement intensities that
emphasize technique and control. Readers are referred to the following texts for a detailed
and prescriptive guide on appropriate technical coaching guidelines for the underpinning
qualities of COD speed (35,38,40,100). As movement quality is developed, the volume of COD
maneuvers can increase by including more actions within the same drill (increased task
complexity) (Figure 3.B). This will allow for the movement capacity of the athlete to be
developed while embedding the desired movement mechanics of each action. Finally,
introducing sports-specific, multi-directional actions within the same exercise will allow for the
realisation of COD speed to be achieved, allowing for the individualization of movements
which can be specific to playing positions or tactical scenarios (Figure 3.C). By isolating these
sports-specific movements within MDS training, practitioners can begin to emphasize
technical efficiency, while overloading the specific force demands of the actions by completing

them with maximal intent.
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***Insert Figure 3.A, 3.B and 3.C around here***

Deceleration

Although deceleration as a quality can be encompassed within COD speed, it is of the author’s
beliefs that a standalone section is warranted. The importance of deceleration competency
and capacity for the rapidly growing athlete cannot be understated; the preparatory steps prior
to a COD foot plant are fundamental for effective COD speed and have vital implications for
both COD performance and injury risk (40,54,55,66,67). Deceleration mechanics should be
firstly developed through an emphasis on technique, where the athlete is required to perform
a range of deceleration maneuvers in different positions and at different angles of approach
(Figure 4.A). Once technical competency has been advanced, movement intensities can begin
to increase through exposing the athlete to greater approach velocities, making sure to
continually embed desirable deceleration mechanics (Figure 4.B). Given the inherent increase
in approach velocity that will occur with greater distances, deceleration ‘zones’ can also be
increased to accommodate for this increased movement intensity; equally, dependent on the
athlete’s physical capacity, these areas can be manipulated to facilitate sharper deceleration
intensities. Once the fundamental mechanics have been developed and deceleration
competency and capacity is improved, the inclusion of game-based elements will diversify
some of the more repetitive exercises associated with the previous examples, adding a fun
and competitive element for the youth athlete, which can also facilitate an increased effort and
movement intensity (Figure 4.C). Moreover, exercises such as these often have the presence
of external stimuli that are generic (i.e., visual or auditory) and sports-specific (i.e., partner
reaction or evasion), which are also methods for progression to increase specificity and

greater overload.
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***Insert Figure 4.A, 4.B and 4.C around here***

Curvilinear Speed

Much less is known about curvilinear speed; however, the mechanics have much closer
resemblance to linear sprinting than that of COD (38). Importantly, it has been shown that
~85% of maximum velocity actions in match-play do in fact have some degree of curvature
(25), and so developing the ability to maintain high velocities during curved sprints are vital.
Technical guidelines for developing curvilinear speed are limited; however, in theory, a similar
framework can be applied to that of COD speed and can be utilized supplementary to COD
training. Therefore, technical competency should be emphasized through shallower curves
before movement intensities are progressively increased with curves of greater angles and
radii (Figure 5.A); these can be developed concomitantly with shallow forms of COD actions
(i.e., <45°), where braking is limited, and velocity maintenance is a key focus (see Figure 3.A
and 3.C). As curvilinear movement mechanics improve, the volume of curved maneuvers can
increase by including more actions within the same drill (Figure 5.B). This will develop the
movement capacity of the athlete by increasing the density of curved maneuvers performed
in an exercise. Practitioners can also aim to increase movement intensities through an
increase in the distance of the curved sprint and expose their athletes to higher velocities,

which may be combined with linear maximum velocity work when high-speeds are the focus.

***Insert Figure 5.A, 5.B and 5.C around here***
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Agility

The qualities discussed above (i.e., linear speed, COD, deceleration, curvilinear speed) can
be considered the mechanical basis for development of MDS; however, the training of these
qualities in true isolation should be considered as pre-planned tasks. In sports, such as soccer,
the ability for athletes to use information from the environment to support actions is predicated
on an accurate and efficient relationship between perceptual-cognitive factors and motor
processes (123). Therefore, agility training requires a perceptual and decision-making process
in response to a stimulus, of which the subsequent outcome will likely fall into the category of

one of the aforementioned actions (129).

The most basic form of these types of exercises may be through the incorporation of an
external stimulus (e.g., player, signal, or command) within a pre-determined task (Figure 6.A).
This allows for the control of approach velocity and angle of the subsequent MDS action, while
introducing perceptual and decision-making element through engaging the athlete with an
external condition. Continued evaluation of technique is advised when introducing these
exercises, as the reduced time to make preparatory whole-body postural adjustments during
unanticipated maneuvers may potentially contribute to poor frontal and transverse kinetic and
kinematics, such as increased lateral trunk flexion and unwanted positioning of the centre of
mass, all of which are associated with potentially hazardous knee joint loading
(13,14,39,68,91). The heightened knee joint loading during unanticipated actions can be
attributed to increased task complexity and temporal constraints imposed on the central
nervous system which controls movement, and thus, contributing to the disproportionately
greater external knee joint moments, which are in contrast to the levels of muscle activation

required to offset the adoption of higher-risk postures (13,14).

The progression of agility training should challenge the athletes to respond with varied

movement solutions by providing conditions that are more open in nature (Figure 6.B).
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Exercises may still be designed with the intention of exploiting desired MDS actions that wish
to be emphasized, but the unpredictable nature of these open drills will consequently forsake
some degree of control. These types of unpredictable exercises expose players to opposed
evasion scenarios which most closely resemble sporting movement, where the athletes will
need to synchronise their perception-action coupling abilities through truly challenging
perceptual and decision-making processes (i.e., visual scanning, knowledge of situations,
pattern recognition and anticipation) in response to sports-specific stimuli (101,110,152).
Importantly, in sport, athletes do not react to flashing lights, arrows or colored cones; instead,
they scan and process visual and kinematic cues regarding the environment, sport, and other
athletes when performing MDS actions (110,152). Although a popular method, and arguably
warranted in instances when diversifying training to improve player motivation, the use of an
unanticipated stimulus in the form of the abovementioned has been criticised because they
are not truly sport-specific stimuli (101,110,152). Furthermore, researchers have shown these
types of ‘reactive agility’ exercises (i.e., flashing lights or arrows) do not differentiate skilful
performers (152-154), and, in fact, may even be a more complex and hazardous task

compared to reacting to 2D video footage (76).

Finally, the inclusion of game-based agility exercises can be an excellent tool for providing
variety and enjoyment in a programme and are particularly effective for re-enforcing
movements with an element of fun when working with younger players (Figure 6.C). Due to
these games often being team-oriented, they can also be a useful method for embedding
technical and tactical outcomes as a secondary objective, which can be developed alongside
support from the technical coaching staff. These exercises will typically provide the highest
cognitive load because of their more chaotic nature (i.e., objectives, rules, and greater player
numbers). Due to the typically greater durations of game-based exercises, practitioners should
be aware that the underlying physiological emphasis may shift towards a more anaerobic or
aerobic outcome, and so work to rest ratios need to be considered depending on the

overarching theme of the session.
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***Insert Figure 6.A, 6.B and 6.C around here***

Contextual Speed

It is important to understand that any movement that presents itself during match-play is the
result of a perception-action coupling in response to a specific scenario that occurs within the
game. Therefore, MDS will always be applied to a specific context within match-play, and will
vary depending on an individual’s playing position and tactical role. Therefore, there should
be continual communication with the technical staff in relation to desired themes of work
through embedding the club’s game model (90), as well as an individual's positional
characteristics, which will require a special reference to their unique movement patterns, pitch
location, technical skills, tactical actions and combination play (1,64). This will allow for MDS

speed qualities to be realised within the true context of soccer performance (Table 1).

Various MDS actions can be isolated and overloaded through targeted exercises that are
specific to the positional and tactical requirements of that individual. The principles of
progression within the MDS development framework (Figure 1) develop contextual speed in
the same way, with the initial use of closed, pre-planned drills that allow the competency and
capacity of contextual movement to be developed, followed by the introduction of external
stimuli (e.g., opponent) in more intense open drills (Figure 7.A). Drills which incorporate a
technical focus can then be designed which replicate the same focus within a soccer-specific
scenario (Figure 7.B), with which the constraints (e.g., no. of players, pitch location or
objectives) can be manipulated accordingly for the desired outcomes. The inclusion of a
technical element within a MDS session does come with an inherent caveat, namely, that there
presents a risk of ‘diluting’ the training effects of high-quality MDS work. With any additional
layer of complexity that is apparent when including a technical focus, the risk of a poorly

executed technical action may also result in a reduction in movement quality in the MDS
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maneuvers that are being focused on. Furthermore, to truly replicate the demands of individual
playing positions, the inherent differences in work to rest ratios may shift the emphasis towards
a more anaerobic or aerobic conditioning-based drill. Therefore, if MDS training were to
precede a main technical session (i.e., warm-up), it is recommended that these types of
‘integrated’ drills be introduced towards the end of the session to allow a transition towards

technical training, without compromising high-quality MDS work.

***Insert Table 1 here***

***Insert Figure 7.A, 7.B and 7.C around here***

Implementation of the Training Plan

It should be re-iterated that MDS training should be considered within a holistic athletic training
programme, which encompasses other training components that are complementary to MDS
development. It is, therefore, suggested that the planning and prescription of training to
develop MDS is considered in the broader context of the youth soccer player’s training
environment, which considers the intricacies of TL, growth and maturation, training
experience, as well as other factors that are at play within a certain period of a young soccer
player’s developmental journey (Figure 1). It is of the author’s beliefs that the assessment of
growth and maturation should be a key driver in determining the content of MDS training
delivered to the youth athlete (29,79,81,82,84,87). As mentioned previously, there is much
variation in the timing and tempo of an individual’s growth, maturation and development (84—

86), particularly within the adolescent years (i.e., 11 to 14 years) (87), which can lead to large
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disparities in performance across a range of athletic tasks between individuals of the same

chronological age (17,84,108,112).

Practical, indirect assessments of skeletal maturity are now popular in the applied world
(72,87,93). The approach adopted by the authors is the percentage of predicted adult height
(%PAH) method, which provides an estimated index of maturity status and timing (72,109).
With this information, practitioners can decide to more appropriately categorise individuals into
athletic training groups based on maturity status, as opposed to chronological age groups; for
example, <90% PAH, >90% to <95% PAH, and >95% may equate to individuals who are early-
to pre-pubertal, mid-pubertal, and late- to post-pubertal, respectively (29). Notably, PHV may
occur between 88 and 96% of PAH, reaching its peak between approximately 90 and 92%
(109), which may have implications for training; however, practitioners are advised to collect
and develop their own growth and maturation data that is population-specific, wherever

possible.

The structure of a weekly training plan may be highly variable and the decisions on when and
where to deliver training can be dependent on the unique situations of different clubs, as well
as the governing bodies that arrange fixtures. Quantitative and qualitative analysis into the
movement profiles of youth soccer match play, and how this progresses within an academy,
is important for optimising developmentally appropriate training prescription (107,126).
Certainly, more investigations are warranted in this regard to elucidate the match activity
profiles that are specific to the age, maturity- and ability-level of the groups in question
(17,48,107). Combining this information with growth and maturation data will allow
practitioners to reverse-engineer their weekly training programmes to provide the optimal
overload to key MDS characteristics that are more specific to an individual's requirements. An
example of how a MDS programme can be implemented on the micro-level, within biologically-
banded weekly training structures that represent post-, circa-, and pre-PHV groups are

provided (Table 2, 3 and 4, respectively). In these examples, the alignment of training days
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between chronological age groups may be preferential to facilitate the fluid movement of

individuals of different ages within biologically driven athletic training groups.

Of note, individuals classified in the post-PHV training example, who will typically have greater
physical capabilities, training experience and chronic workloads, may be exposed to a higher
TLs throughout the week (e.g., weekly load = 2430 arbitrary units; AU), with a greater
emphasis on developing physical capacity in highly specific movement scenarios (Table 2).
Furthermore, at these later stages of development, players need to become increasingly more
prepared for the demands of the senior game, and so there is a much greater emphasis on
performance in competition. Thus, two days of ‘acquisition’, where MDS demands are high,
are strategically placed at the early stages of the week (e.g., match day -4 and -3), followed
by three-day pre-match tapering strategy where lower intensity technical, tactical, and
individual focuses can be emphasized, which will assist in the gradual ‘unloading’ of players
and reducing the accumulative fatigue response that serves to increase player readiness for

the match (70,106,145).

Conversely, circa-PHV players, or individuals with heightened growth rates, may require a
reduction in training volume (e.g., 1950 AU) to control for pain and reduce the risk of sustaining
an overuse injury (65,71,89,97,139) (Table 3). Notably, this reduction in TL should come
through a reduction in session duration, and not forsake exercise intensity, where appropriate,
to allow for high-quality MDS training to still be performed. The structuring of MDS training
may be managed in a way that allows more days between from ‘high’ TL days to accommodate
for the rapidly growing athlete’s need to recover, also allowing the next high-intensity MDS
session to be performed under lower residual fatigue and with higher intensity (70).
Importantly, individuals going through rapid growth will likely experience a rapid enhancement
in physical performance capabilities that will need to be carefully managed to ensure all MDS
components are underpinned by movement quality, which will better prepare these individuals

for the increasing demands of match play and reduce the risk of injury.
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Finally, due to the unique physiology of pre-PHV players, less of an emphasis on weekly TL
periodization is necessary due to their reduced physical capabilities. A key focus for this
maturity group, however, will be to offset the negative consequences of early-specialisation,
and allow individuals to sample a range of different sports and movements within MDS training
(Table 4). More attention may need to be given to groups who are approaching phases of
rapid growth to establish ‘baseline’ data (e.g., more frequent monitoring of growth rates,
establishing baseline movement quality (37) and match/training data) to allow for comparison,
where possible. The use of subjective ratings of perceived exertion (RPE) (43,62) can provide
information regarding the internal response of imposed external loads and determine whether
an individual is coping with the training demands. More research into the validity and reliability
of this method in youth soccer players, however, is needed, as mixed findings have currently
been reported in this population (52,118,127). The use of this tool in ‘under-resourced’
organizations would certainly be of value, as RPE may provide a simple, non-invasive means
of assessing ‘global’ training load (e.g., both physical and psychological stress) during

intermittent activities, such as soccer (52).

***Insert Figure 8 around here***

Although individualization of training is often touted as paramount for the successful
development of athletes, it is acknowledged that team-sports often require the majority of
training to be undertaken in group-based activities. In certain situations, however,
supplementary training sessions with a more individual focus (e.g., position-specific themes)

may be included within a holistic programme that accommodates for athletes that need to
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develop qualities that are more specific to their individual needs. To this end, physical
assessments can be utilised to evaluate an individual’s underpinning strength characteristics,
movement quality, and asymmetries to identify strengths and weaknesses of an athlete. The
use of individual growth rates alongside this approach may further individualize the delivery of
a program, which can inform training approaches. For instance, as players can often
experience spikes in growth rates throughout various periods of their adolescent journey, and
not just ‘circa-PHV’, a player may sporadically go through periods of reduced co-ordination,
display exacerbated asymmetries, or present a general reduction in perceived wellbeing and

readiness to train, which may need to be considered in the tailoring of a program.

***Insert Table 2, 3 and 4 around here***

Practical Applications and Future Directions for Monitoring Multi-Directional Speed

As mentioned previously, particularly at the youth soccer level, access to advanced
technologies and analytical methods may not be readily available to clubs with limited
resources. However, recent trends have indicated that the ability to evaluate TLs through the
utility of these methods, such as GPS and various micro-technologies, have become more
commonplace (3) and will continue to become more accessible (18). Surveys into current
soccer practises (3) reveal that clubs incorporate a variety of metrics to evaluate TL in their
athletes (e.qg, total distances, speed-time, relative speed intensities, accelerometry, metabolic
power), all of which can provide valuable insights into the monitoring of MDS actions. A
selection of these kinematic measures (e.g., total distance, high-intensity distance) are utilised
as a means of managing the physiological load-adaptation pathways, which are typically
characterised by metabolic and cardio-respiratory adaptations. From a biomechanical loading
perspective, accelerometry-based variables can be used to provide an overview of summative

body-impacts that a player is exposed to during a session (e.g., PlayerLoad (10)), which are
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examples of ‘whole-body’ load measures that aim to approximate the external forces the body

is exposed to and reflect the loading demands placed on the musculoskeletal system (99,142).

Although practical for field-based purposes, ‘whole-body’ estimates of musculoskeletal load
fail to account for the highly variable nature of biomechanical loading that occurs at the
structural level (e.g., joints, segments, limbs) during different COD actions, with laboratory-
based investigations indicating this can be highly task-dependent (35,38,39,91,143). For
example, if an athlete were to perform a MDS session where the focus was to be on
deceleration capabilities, utilising a biomechanically-focused metric (e.g., total decelerations)
to evaluate that session may under- or over-estimate the training demands placed on the
athlete’s joints, muscles and tendons depending on the angle and velocity the athlete
performed each of these maneuvers (35). In addition, as mentioned previously, the importance
of practical methods for monitoring these training demands through an evaluation of the
individual’s internal response is essential. Therefore, being able to differentiate between the
physiological and biomechanical internal responses to various external TLs may further assist
in developing specific dose-response relationships in soccer. For example, using differential-
RPE, an individual may be specifically asked to rate their level of ‘breathlessness’ and ‘leg
muscle exertion’ during a session or task (148), or evaluate their rating of ‘muscle soreness’
and ‘fatigue’ in the days following a session through a wellness questionnaire (60,137), which
may separate an individual’s perception of physiological and biomechanical load (141). As
mentioned previously, more research is warranted to validate these novel methods,

particularly in their applicability for use with youth players.

Consequently, the practitioner needs to be aware that the currently available measures for
evaluating player activity levels on the field can be the product of highly varied demands at
the structural and tissue level, which can have implications for evaluating the biomechanical
adaptations to training and injury risk (142). This is important, as being able to differentiate
between characteristic loading patterns, and how load-adaptation pathways are affected as a

consequence, may allow for the periodization of long-term training programs to be optimized
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through the appropriate sequencing of physiological and biomechanical TLs (141). For
example, an extended time-course (e.g., 6-8 weeks) for adaptation has been reported to occur
between the cessation of eccentrically focused training and the manifestation of adaptations,
characterised by improved outcomes in strength (27) and power (77). As such, a hypothetical
example of how MDS may be sequenced in this regard using metrics commonly tracked with

GPS systems is provided in ‘Figure 8'.

Certainly, more investigations are warranted to uncover the optimal dose-response
relationships between the various components of MDS and how the young athlete responds
to the training of these components within different phases of growth and maturation. This will
provide more insight into whether a hierarchy of MDS training requirements is appropriate at
different phases of development. Given the underlying mechanism of an overuse injury, that
is, potentially being a result of excessive loading of repetitive movement patterns (41,78), an
understanding of the structure-specific mechanical loading a young adolescent soccer player
is exposed to as a consequence of pathological movement may allow for modifications to be
made to the training programme in order to mitigate injury risk. Additionally, how the
components of MDS are developed within various learning and skill acquisition models needs
further evaluation over the long-term, as alternative non-linear approaches that are more
aligned to ecological dynamics rationale have been suggested in the design of effective skill

learning environments (105).

Conclusion

This review has focused on how the scientific principles that underpin MDS can be applied
within a LTAD program in youth soccer players. A theoretical framework has been proposed
for the periodization, sequencing, and structuring of MDS, along with example exercises for
each component of MDS. This development framework is underpinned by the interaction

between training age, growth and maturation, and TL, which will ultimately dictate the MDS
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foci for an individual athlete. Young soccer players can and should be exposed to all aspects

of the MDS continuum, but at different volumes, intensities, and densities, where appropriate.

At the micro-level, we provide in-season weekly training examples for pre- circa-, and post-
PHV athletes, which aims to accommodates for the unique training considerations that are
required at different stages of maturity and with increased rates of growth. How the long-term
management of such training strategies at the meso-level work to reduce fatigue, injury risk,
and optimise performance capabilities, is currently unknown, and very limited data exist for
youth athletic populations; however, a proposed mesocycle, which considers the separate
nature of physiological and biomechanical load-adaptation pathways, has been provided for
consideration. Novel methodologies that specifically evaluate the varied demands of different
MDS maneuvers, and how these interact with growth, maturation and development will
perhaps shed more light on much needed answers to these questions and allow for more
informed decisions to be made on individualized training prescription. With that said,
irrespective of any proposed framework, the success of a program will rely on the fluid
communication of information and ideas between key stakeholders, and how well the program

accommodates the individual.
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