
27ISBS 2011 Porto, Portugal

Vilas-Boas, Machado, Kim, Veloso (eds.) 
Biomechanics in Sports 29

Portuguese Journal of Sport Sciences
11 (Suppl. 2), 2011

REFERENCES: 
Austin, N., Nilwik, R., & Herzog, W. (2010). In vivo operational fascicle lengths of vastus lateralis 
during sub-maximal and maximal cycling. J Biomech., 43, 2394-2399. 
Edman, K. A. P., Elzinga, G., & Noble, M. I. M. (1982). Residual force enhancement after stretch of 
contracting frog single muscle fibers. Journal of General Physiology, 80, 769-784. 
Gordon, A. M., Huxley, A. F., & Julian, F. J. (1966). The variation in isometric tension with sarcomere 
length in vertebrate muscle fibres. Journal of Physiology (London), 184, 170-192. 
Herzog, W. & Leonard, T. R. (2002). Force enhancement following stretching of skeletal muscle: a 
new mechanism. Journal of Experimental Biology, 205, 1275-1283. 
Hill, A. V. (1938). The heat of shortening and the dynamic constants of muscle. Proceedings of the 
Royal Society London, 126, 136-195. 
Huxley, A. F. (1957). Muscle structure and theories of contraction. Progress in Biophysics and 
Biophysical Chemistry, 7, 255-318. 
Lutz, G. J. & Rome, L. C. (1993). Built for jumping: The design of the frog muscular system. Science, 
263, 370-372. 
Yoshihuku, Y. & Herzog, W. (1990). Optimal design parameters of the bicycle-rider system for 
maximal muscle power output. Journal of Biomechanics, 23, 1069-1079. 
Yoshihuku, Y. & Herzog, W. (1996). Maximal muscle power output in bicycling as a function of rider 
position, rate of pedalling and definition of muscle length. Journal of Sports Sciences, 14, 139-157. 
 
 

THE PLAYER DEVELOPMENT PATHWAY: A BIOMECHANICAL PERSPECTIVE 
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The purpose of this paper is to challenge biomechanists to think more about how they 
may assist coaches to enhance the player development pathway (11 – 15 – 18 year old). 
It is imperative we play an integral role in creating the appropriate ‘learning environment’, 
by providing a sound theoretical framework with respect to; task decomposition (practice 
using the appropriate lead-up drills), together with skill and practice variability. 
Biomechanists must also understand how variables change over the development 
pathway if they are to assist coaches structure the optimal learning environment. This 
paper will discuss the above with specific references to a number of sporting activities. 
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INTRODUCTION: Biomechanists together with motor control specialists have a major role to 
perform in the player development pathway.  It is a responsibility that has been neglected by 
many scientists, as there is a paucity of research knowledge on ‘task decomposition’, the 
appropriate use of variability in the ‘learning’ of a new skill and how variables integral to 
success change throughout the developmental pathway.  The purpose of this paper is to 
motivate scientists to address, as far as possible, an integrated approach to these areas. 
The motor learning literature tells us that variability is critical to the effective learning of a new 
skill.  A young athlete must learn to differentiate the feel of the ‘new skill’ from a previously 
learned response if skill is to be developed.  The nervous system of a young athlete is 
continually reconstructing this ‘feel pathway’ during the learning process (Barreiros et al., 
2007; Bartlett et al., 2007; Handford et al., 1997).  Theoretically this requires ‘variability’ to be 
a key component in the learning process. The concept of variability during skill learning is 
poorly understood by coaches, who typically believe that practice is all about reducing 
variability in performance. They have little appreciation for the fact that internal variability 
(e.g. joint angles, velocities and accelerations) is not only evident, but functionally critical to 
the success of the skill through mechanical compensation (Bootsma and van Weiringen, 
1990). This is true even during skilled performances (e.g. tennis forehand – Knudson, 1990).   
Coaches employ task decomposition, as a means of reducing variability in the skill being 
learned (Naylor & Briggs, 1963).  The question that we, as biomechanists, must address is 
whether this task decomposition promotes the performance improvements that coaches’ 
claim. To do this we must first differentiate decomposed skills, performed by elite and novice 
players, from the complete performance (Figure 1).   
 
 Open skills:   Cricket batting 
    Volleyball set and spike  
    
 Closed skills:  Gymnastics skills (outcome-based) 
    Tennis and volleyball serve 

Golf drive 
Figure 1: Classification of skills discussed in task decomposition 
 
The following paper will briefly review the biomechanical implications of task decomposition 
in these sports to better understand its role in skill development.  Furthermore the concept of 
skill development, as a staged process, will be reviewed with specific consideration to the 
tennis serve.  
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Gymnastics 
a. Vaulting (Elliott & Mitchell, 1991) 

Specific lead-up drills commonly used in gymnastics did not appear to create a 
learning environment for completion of the Yurchenko vault (Table 2). 
 

Table 2 
Horizontal and vertical velocity (ms-1) at take-off from the beat board and horse 

impact in the Yurchenko vault 
 

Vault 
Characteristic 

Drill 1 
Round-off; 11/4 layout 
back somersault onto 

crash mats 

Drill 2 
Round-off; back handspring 
onto a hard mat followed by 
back somersault to landing. 

Vault 

Take-off  
Horizontal 

Vertical 

 
                  3.2 

3.3* 

 
3.9 
2.5 

 
4.3* 
2.7 

Impact 
 Horizontal 

Vertical 

 
4.8 
1.0 

 
4.9 
1.0 

 
5.3 
1.1 

*Significantly different to other measures 
 

b. Floor exercises (McLean, 2004) 
McLean investigated selected lead-up drills used in preparation for a tumble row, with 
both elite and novice performers.  She found selected aspects of the lead-up drills 
were representative of the tumble row, while other aspects were not (Table 3). In this 
paper only the very simple round-off drill will be compared with the same skill 
performed as part of a tumble row. 
 

Table 3 
Variables associated with the round-off as a decomposed skill in tumbling 

 Variable  Round-off in isolation 
    Novice             Elite 

Round-off - tumble row 
     Novice            Elite 

Trunk angle – take-off (°) 49 50 123* 124* 

Horizontal velocity at take-off (ms-1) 1.4 1.8 2.2* 2.0 

Vertical velocity at take-off (ms-1) 2.9 2.4 3.7* 3.6* 

*Significantly different to other measures 
 

Golf drive (Sweeney et al., 2011) 
In a study looking at smoothing through impact it was found that a swing at a ball on a tee 
(≈45 ms-1) was different to that with no ball (≈38 ms-1) – the free swing was lower in velocity, 
in a similar manner to Reid et al. (2010).  The need for some form of ‘focus mechanism’ such 
as a ‘paper tee’ produced a similar swing velocity to that with a ball. 
Having developed an understanding of the role of task decomposition in teaching a skilled 
movement, it is then imperative to adopt a progressive approach across ages and maturity 
levels.  In doing this we again must help the coach understand what mechanical features of 
skilled development (e.g. shoulder internal rotation in the tennis serve) should be taught at 
what age/maturity level. Table 4 provides a summary of variables across the learning 
pathway in the tennis serve with approximate percentages for various age classifications.  
While the learning sequence may be based in science, the percentage contributions at the 
various ages are approximated.  Hopefully further research will enable these to be based 
more in science as we look forward to the future. 
 
 
 
 

METHODS: Typically biomechanical studies have used 3D motion analysis of the complete 
skill and then compared the kinematic or kinetic data with that from a ‘decomposed skill’ or 
what may be termed a lead-up drill. 
 
RESULTS: Data will be presented on decomposed skills in; tennis (2 drills commonly used in 
service development), cricket batting (use of a batting tee and ball machine), volleyball 
(serve), gymnastics (vaulting and floor exercises) and the golf drive. 
 
Serve in tennis (Reid, Whiteside and Elliott, 2010) 

Significant adaptations of coordination and timing were observed under different 
practice task constraints 

a. Isolated toss: The timing of the ball toss to its zenith, as a percentage of toss 
duration was significantly more for the full action compared with the ball toss in 
isolation. The ball was also ‘pushed’ higher in the decomposed practice (2.9 v 3.1 m). 

b.  Isolated swing: The racket swing velocity was higher in the complete serve            
(43 ms-1), compared with the free swing condition (34 ms-1). 

 
Serve in volleyball (Davids et al., 2001) 

a. They were particularly interested in the extent to which skilled servers use invariance 
in ball placement to set a type of ‘spatial clock’ for timing.  In comparing two groups; 
one who learned the ball toss separately to the strike component, and a second who 
learned the motions together. 

 Task decomposition in this self-paced extrinsic timing task did not yield clear 
benefits for novice learners. 

 
Cricket batting 

a. Batting tee (Baker, 1989) 
Various differences were observed between an off-drive in cricket and the same shot 
played from a batting tee.  Differences were noted in many body segment orientations 
for the two strokes.  Table 1 shows significant differences between these strokes for 
key output variables.  The off drive from a tee could not be classified as a true 
representation of the stroke played from an oncoming ball. 
 

Table 1 
Selected variables in an off-drive played from a tee and in an open situation 

Variable Tee Open stroke  
Trunk angle (backswing)(rad) 1.37 1.18*  

Trunk angle (impact) (rad) 1.61 1.48*  
Downswing time (s) 0.18 0.21  

Linear velocity of bat at impact (end - ms-1) 16.3 15.2  
Distance between ball and head at impact (m) 0.4 0.2*  

Peak vertical GRF at impact (BW) 0.5 0.4  
*Significantly different to other measure 

  
b. Ball machine (Renshaw et al., 2007) 

Significant adaptations of coordination and timing were observed under different 
practice task constraints. 

 Different ratio of backswing-downswing when batting against a bowling 
machine (47% & 53%), compared with a bowler (54% & 46% respectively). 

 Mean length of front foot stride was shorter against the bowling machine  
(0.55 m), compared with a bowler (0.59 m). 

 Correlation between initiation of backswing and front foot movement was 
higher against a bowler (r=0.88), compared with a ball machine (r=0.65) 
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In sports the  stretch-shortening cycle (SSC) muscle actions  are obviously natural. They 
are partly responsible for making the muscular  performance more economical and/or 
better as compared to the use of isolated forms of muscle actions. In sport activities SSC 
can be traditionally identified by certain kinematic and electromyographic methods. An 
attempt is made to describe how one can go beyond these more simple ways by applying 
portable ultrasonography (US) to record fascicle-tendon interactions during various 
movements ranging in intensity from low to maximum. The observed results from a 
number of studies indicate that the original definition of SSC cannot be used to describe 
the SSC at the MTU levels of all muscles and all exercise conditions. However, the 
greatest merit of this US application is in its strength to explain more of the mechanism 
how the fascicle-tendon interaction differs between muscles and how the elastic energy 
may be involved in the performance potentiation.   
 
KEY WORDS: elastic energy, ultrasonography, stretch reflex. 
 

Isolated forms of muscle action have been traditionally used to assess the basic function of 
the neuromuscular system. From these forms (isometric, concentric or eccentric) isometric 
type has received greatest attention, especially in the study of muscle fatigue. The natural 
form of muscle function involves use of stretch – shortening cycle (SSC) muscle actions, in 
which the preactivated muscle is first stretched (eccentric action) and then followed by the 
shortening (concentric action). This SSC has important functions in locomotion: (i) to 
minimize unnecessary delays in the force-time relationship by matching the preactivated 
force level to the required level to meet the expected eccentric loading, and (ii) to make the 
final concentric action (push-off phase in running, for example) either more powerful (in 
maximal effort) or generating force more economically (in submaximal conditions) as 
compared to the corresponding isolated concentric actions. In running, the amount of 
gastrocnemius muscle preactivation is directly dependent on the expected impact load. The 
preactivated muscle-tendon unit is then lengthened during the ground impact. This active 
eccentric (braking) phase is followed without delay by the shortening (concentric) action. 
Depending upon the intensity of effort, this shortening or (push-off phase in running) can take 
place in many cases as a recoil phenomenon, with relatively low electromyographic activity. 
Hopping, jumping and running are considered as most typical forms of SSC. Walking as well 
as counter-movement jumps (CMJ) are also SSC actions, because they include the 
sequence of stretch and shortening. The stretching (the braking phase) is, however, very 
often so slow in these two activities that by using both slow walking and CMJ it is hard to 
explore the mechanisms of performance potentiation in SSC. The definition of SSC also 
needs to be looked at more critically. It is often difficult to identify precisely the eccentric and 
concentric phases for the muscles. In general, however, evidence of the use of SSC in sport 
activities calls for utilization of the following techniques: kinematics, EMG, reaction forces 
and ultrasound methods For appropriate references please consult the three publications 
listed at the end of this paper. As a simple way of identifying SSCs, Fig 1. presents the use of 
angular velocity curves of the hip and knee joints during the functional propulsive phase of X-
C skiing. As kinematic, kinetic, and EMG methods are widely known, the following few 
paragraphs make selected efforts to describe how ultrasound recording can be 
complemented to add our understanding of SSC, especially when the SSC is looked at the 
fascicle and tendon levels of the Muscle-Tendon Unit (MTU).  

 
Table 4 

The learning pathway in the tennis serve 
 

Variable 
% of mature action 

11-years 15-years Adult 
Rhythm (coordination – balance) 60 100 100 

Wrist flexion 60 80 100 
Trunk rotations (backswing) 

Horizontal separation angle 
Vertical separation angle 

 
50 
30 

 
80 
80 

 
100 

 
Leg drive 20 60 100 

Trunk rotation (forward swing) 
Twist axis 

Shoulder-over-shoulder 
Somersault 

 
100 
20 
60 

 
100 
70 
80 

 
 

100 
 

Internal rotation 10 60 100 
Serve Velocity 60 80 100 

 
CONCLUSION: Biomechanists will be of service to coaches when they are able to assist in 
creating an optimal learning environment.  That environment must address key features of 
performance over the athlete development pathway. 
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