
Journal of Biomechanics 94 (2019) 1–4
Contents lists available at ScienceDirect

Journal of Biomechanics
journal homepage: www.elsevier .com/locate / jb iomech

www.JBiomech.com
In search of sports biomechanics’ holy grail: Can athlete-specific
optimum sports techniques be identified?
https://doi.org/10.1016/j.jbiomech.2019.07.044
0021-9290/� 2019 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail address: paul@paulglazier.info (P.S. Glazier).
Paul S. Glazier a,⇑, Sina Mehdizadeh b

aNational Sports Institute of Malaysia, Kuala Lumpur Sports City, Kuala Lumpur, Malaysia
b Toronto Rehabilitation Institute, University Health Network, Toronto, Canada

a r t i c l e i n f o
Article history:
Accepted 31 July 2019

Keywords:
Biomechanical optimisation modelling
Constraints
Dynamical systems theory
Intrinsic dynamics
Attractors
Dynamic landscape
a b s t r a c t

The development of methods that can identify athlete-specific optimum sports techniques—arguably the
holy grail of sports biomechanics—is one of the greatest challenges for researchers in the field. This ‘per-
spectives article’ critically examines, from a dynamical systems theoretical standpoint, the claim that
athlete-specific optimum sports techniques can be identified through biomechanical optimisation mod-
elling. To identify athlete-specific optimum sports techniques, dynamical systems theory suggests that a
representative set of organismic constraints, along with their non-linear characteristics, needs to be iden-
tified and incorporated into the mathematical model of the athlete. However, whether the athlete will be
able to adopt, and reliably reproduce, his/her predicted optimum technique will largely be dependent on
his/her intrinsic dynamics. If the attractor valley corresponding to the existing technique is deep, or if the
attractor valleys corresponding to the existing technique and the predicted optimum technique are in dif-
ferent topographical regions of the dynamic landscape, technical modifications may be challenging or
impossible to reliably implement even after extended practice. The attractor layout defining the intrinsic
dynamics of the athlete, therefore, needs to be determined to establish the likelihood of the predicted
optimum technique being reliably attainable by the athlete. Given the limited set of organismic con-
straints typically used in mathematical models of athletes, combined with the methodological challenges
associated with mapping the attractor layout of an athlete, it seems unlikely that athlete-specific opti-
mum sports techniques will be identifiable through biomechanical optimisation modelling for the major-
ity of sports skills in the near future.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

One of the greatest challenges in sports biomechanics is the
development of methods that can identify athlete-specific
optimum sports techniques. An understanding of optimum
technique—defined by Hatze (1973) as the ‘‘. . . motions yielding a
maximal performance under given constraining conditions and for a
given individual . . .” (p. 138)—would provide the basis for aug-
mented knowledge of performance feedback, as a ‘template’ for
the to-be-achieved ‘ideal’ technique could be constructed for each
athlete, performing a particular sports skill, under a particular set
of task and environmental constraints (e.g., Ariel, 1985). The move-
ment patterns produced by the athlete could then be compared
against this technically ‘correct’ profile, thereby enabling faults or
errors to be objectively identified and remedial action to be unam-
biguously prescribed (e.g., Hatze, 1983a; Newell and McGinnis,
1985). The importance of identifying a criterion or idealised move-
ment pattern has previously been acknowledged by Newell and
Walter (1981), who argued that ‘‘. . . without a model for deriving
comparative information, kinematic feedback would probably prove
much less useful” (p. 242).

There has been some suggestion that athlete-specific optimum
sports techniques can be identified through biomechanical optimi-
sation modelling (e.g., Hatze, 1983b; Neptune, 2000; Vaughan,
1984; Yeadon and King, 2018). Indeed, Irwin et al. (2013) stated
that biomechanical optimisation modelling ‘‘. . . is considered the
only true method for identifying individualised optimal technique for
a particular athlete performing a technically demanding skill.” (p.
159) and Sprigings (1988) argued that biomechanical optimisation
modelling provides the ‘‘only solution” (p. 5) to the problem of
establishing whether an elite athlete’s technique can be improved
to enhance performance and, if so, how. However, the veracity of
these claims requires careful consideration, especially in light of
the relative paucity of robust examples of successful biomechani-
cal optimisations in the sports biomechanics literature, and recent
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theoretical developments in motor control relating to performance
optimisation in complex neurobiological systems (e.g., Chow et al.,
2009; Glazier and Davids, 2009; Guccione et al., 2019; Loeb, 2012;
Seifert et al., 2013). The purpose of this ‘perspectives article’ is,
therefore, to critically examine, from a dynamical systems theoret-
ical standpoint, the efficacy of biomechanical optimisation mod-
elling for identifying athlete-specific optimum sports techniques.
2. Biomechanical optimisation modelling of sports techniques:
A view from a dynamical systems theoretical standpoint

The emergence of dynamical systems theory in human move-
ment science and its application to biomechanical optimisation
modelling has considerable implications for the identification of
athlete-specific optimum sports techniques. This theoretical per-
spective asserts that the morphology (i.e., shape or form) of evolv-
ing movement patterns that define sports techniques is governed
by ubiquitous processes of physical self-organisation (Kelso,
1995) and the confluence of interacting organismic, environmen-
tal, and task constraints imposed on the athlete (Newell, 1986)
(see also Kugler, 1986). Briefly, organismic (e.g., body mass, limb
lengths, muscular strength, joint ranges of motion, etc.) and envi-
ronmental (e.g., gravitational forces, ambient light and tempera-
ture, surface compliance, physical characteristics of equipment
and apparatus, etc.) constraints are those limiting factors that are
endogenous and exogenous to the athlete, respectively, and task
constraints are those limiting factors that are related to the goal
of the task and the rules governing the task (see Glazier and
Robins, 2013, for a summary of the key constraints impacting on
sports performance). Constraints can be physical or informational
in nature (Warren, 2006) and act to channel and guide the patterns
of coordination and control that define technique by eliminating
certain limb and torso configurations. Importantly, in the context
of this article, Newell (1986) stated that, ‘‘The optimal pattern of
coordination and control for a given individual is specified by the
interaction of organismic, environmental and task constraints” (p.
354) and that the ‘‘. . . optimal pattern of coordination and control
for a given task will be individual specific” (p. 352) (see Newell,
1985, for operational definitions of coordination and control, and
a further elaboration on the role of constraints in the optimisation
of movement patterns).

From this theoretical standpoint, it is apparent that a represen-
tative set of organismic, environmental, and task constraints needs
to be incorporated into the mathematical model of the athlete and
surrounding environment, and in the optimisation process in the
form of an appropriately weighted optimality criterion or objective
cost function, if that athlete’s optimum technique is to be identi-
fied (Glazier and Davids, 2009; Hu and Newell, 2011). Although
this task appears to be extremely challenging, if not impossible,
given the constantly fluctuating array of diverse constraints that
performance in sport typically presents, the low probability of
the same set of constraints occurring more than once suggests that
the practical application and functional utility of attempting to
identify athlete-specific optimum sports techniques for so-called
‘open’ sports skills, where task and environmental constraints vary
continuously (Poulton, 1957), is limited. However, for so-called
‘closed’ sports skills, where task and environmental constraints
remain relatively constant (Poulton, 1957), and where the proba-
bility of the same set of constraints occurring more than once is
high, the practical application and functional utility of identifying
athlete-specific optimum sports techniques is not only much
greater, the computational demands of doing so are more manage-
able, albeit still considerable. For these reasons, then, it is unsur-
prising that most previous attempts to identify athlete-specific
optimum sports techniques have involved sports skills from this
category. The computational demands of identifying athlete-
specific optimum techniques used to perform closed skills integral
to sports such as track and field athletics, gymnastics, and diving
(e.g., see King and Yeadon, 2015), are further reduced by the fact
that these techniques involve a relatively small number of
mechanical degrees of freedom and are, thus, comparatively sim-
ple to model. Furthermore, tasks constraints are often limited to
manipulations of whole-body moments of inertia to control angu-
lar velocity and/or to produce a specified movement pattern once
an appropriate amount of angular momentum has been generated
during the contact phase prior to take-off.

Owing to the relative constancy of task and environmental con-
straints, the majority of within-athlete and, more markedly,
between-athlete technique variability during the performance of
closed sports skills can be attributed to fluctuations and variations
in functional (i.e., relatively time dependent) and structural (i.e.,
relatively time independent) organismic constraints, respectively.
Accordingly, it is necessary to identify and incorporate a represen-
tative set of organismic constraints into the mathematical model of
the athlete if this technique variability, which is readily observable
within and among even the most elite athletes (e.g., Schöllhorn and
Bauer, 1998; Whiting et al., 1991), is to be captured in predicted
athlete-specific optimum sports techniques. One strategy adopted
in biomechanical optimisation modelling studies to establish
whether a mathematical model of an athlete is appropriately con-
strained is to simulate one or more performance trials performed
by that athlete. If the simulated movement patterns and the move-
ment patterns of the performance trial(s) match within acceptable
bounds, the model is deemed to be valid. However, as Panjabi
(1979) highlighted, just because simulated movement patterns
match the movement patterns of an actual performance trial, it
does not guarantee that the predicted optimum movement pat-
tern, or any other simulated movement patterns for that matter,
will be valid. For example, it is possible to fit a set of joint torques
to a mathematical model that does not accurately represent the
inertial characteristics of the athlete and still get simulations that
approximate the performance trials, but the predicted optimum
technique (i.e., the movement pattern that corresponds with the
set of joint torques that maximises the performance criterion) is
likely to be erroneous. Additionally, non-linearities in some organ-
ismic constraints, especially those of the neuromuscular system,
which Hatze (1983b) argued ‘‘. . . are responsible for most of the
peculiar characteristics of optimal sports motions” (p. 6), also need
to be accurately represented if predicted athlete-specific optimum
sports techniques are to be valid.

Another important consideration in relation to the practical
application and functional utility of identifying athlete-specific
optimum sports techniques is whether the athlete will be able to
adopt, and reliably reproduce, his/her predicted optimum move-
ment pattern, particularly during the often-intense psychological
pressures of competition where it is known that stress and anxiety
can adversely affect patterns of coordination and control (e.g.,
Beilock and Gray, 2007). In addition to inherent within-athlete
technique variability that prevents the same movement pattern
from being repeated twice (e.g., Davids et al., 2003; Newell and
Slifkin, 1998; Preatoni et al., 2013), a key concept from dynamical
systems theory, which is applicable here and related to the afore-
mentioned constraints issue, is ‘intrinsic dynamics’. Corbetta and
Vereijken (1999) defined intrinsic dynamics as the ‘‘. . . spontaneous
coordination tendencies or preferred modes of coordination that exist
in the movement system at the start of the learning process. In other
words, intrinsic dynamics capture the initial state of an organism
when faced with a new learning or developmental task, reflecting
the history of the system and prior experiences that contribute to form
the existing behavioural repertoire.” (p. 511). The intrinsic dynamics
of an athlete can be depicted schematically as a dynamic landscape
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(Fig. 1). This three-dimensional graphic provides a visual represen-
tation of how stable movement patterns, denoted by the valleys or
attractor regions of the landscape, develop and change over the
lifespan. The collection of attractor states at the fore of the land-
scape characterise the current movement repertoire of the athlete.

Two factors that will largely determine whether an athlete will
be able to reliably adopt his/her predicted optimum technique are:
(i) the stability of the attractor corresponding with the existing
sub-optimum technique; and (ii), the proximity of the attractors
corresponding with the existing sub-optimum technique and the
to-be-achieved predicted optimum technique (see Zanone and
Kelso, 1992, and Kostrubiec et al., 2012, for similar arguments
based on experiments of bimanual coordination). As motor learn-
ing is characterised by the moulding and sculpting of pre-
existing attractor states that define the athlete’s intrinsic dynamics
(Kelso, 1995), deep valleys or valleys that are situated in different
topographical regions of the dynamic landscape are problematic in
that they are more difficult to extricate from or shift between,
respectively. Consequently, in both scenarios, any technical modi-
fications prescribed based on biomechanical optimisation mod-
elling may be challenging or impossible to reliably implement
even after extended practice. Although a ‘scanning probe’ has been
used to map the attractor layout comprising the dynamic land-
scape of individuals participating in bimanual coordination studies
(e.g., Zanone and Kelso, 1992), this procedure would be method-
ologically challenging if applied to sports techniques due to their
typically discrete and multiarticular nature. Accordingly, establish-
ing the likelihood of the predicted optimum technique being reli-
ably attainable is difficult.

One final point to consider is whether the technique already
being adopted by the athlete is truly sub-optimum. In effect, the
assumption being made is that the existing technique is only a
local optimum in the dynamic landscape and that, through biome-
chanical optimisation modelling, a superior technique represent-
Fig. 1. The evolving dynamic landscape (also known as the attractor landscape or
perceptual-motor workspace) defining the developmental history and current
movement repertoire of an athlete (adapted from Muchisky et al., 1996).
ing the global optimum, can be identified and then subsequently
adopted. However, given the many hours of deliberate practice
that elite athletes, in particular, engage in during their sporting
careers, it is conceivable that many of them have gone through a
long process of self-optimisation and are already adopting their
own optimum technique (e.g., Cavanagh and Hinrichs, 1981). Any
marked differences between the predicted optimum technique
and the existing technique may, therefore, just reflect discrepan-
cies between the constraints comprising the mathematical model
of the athlete and those of the actual athlete rather than faults or
errors characterising a sub-optimum technique. Theoretically, if
the constraints of the actual athlete, including those that govern
the intrinsic dynamics, matched those of the mathematical model
of the athlete, the predicted optimum technique would replicate
the existing technique being adopted by the athlete. A key task,
then, is to establish which constraints are modifiable and what
the effect on performance is should these constraints be removed
or relaxed.
3. Concluding remarks

The virtues of biomechanical optimisation modelling have reg-
ularly been highlighted in the sports biomechanics literature and it
remains a useful tool for establishing cause and effect relationships
between the underlying kinetic mechanisms and the observable
kinematics. However, based on the arguments presented in this
article, and those presented by us (Glazier and Mehdizadeh,
2019) and others (e.g., Bobbert and Casius, 2011) elsewhere, sports
biomechanists are still some way from being able to identify
athlete-specific optimum techniques in the majority of sports. Fur-
thermore, even if it were more readily possible, it is open to ques-
tion whether the athlete would be able to adopt and reliably
reproduce the specified movement patterns because of that ath-
lete’s unique intrinsic dynamics. The inclusion of a more represen-
tative set of organismic constraints, along with their non-linear
characteristics, in mathematical models of athletes is a necessary
prerequisite if the identification of achievable athlete-specific opti-
mum sports techniques is to be realised. The recognition of the
need to include more representative organismic constraints into
mathematical models used in sports biomechanics is not new,
however. For example, Baumann (1987) argued, ‘‘If biomechanics
is not capable of incorporating more of the essential anatomical and
neurophysiological characteristics of the human body, it does not
deserve its prefix ‘bio’ and it will not arrive at its real goals” (p. 57).
Until then, sports biomechanists, coaching practitioners, and other
key stakeholders should heed the warning of Hay (1983), who sta-
ted, ‘‘. . . we would all be wise to view mathematical modelling studies
with caution. Certainly we should not accept the extravagant claims—
occasionally made on television and in the popular press—that,
through modelling, sports biomechanists can now determine the opti-
mum technique for a given athlete. These claims are science fiction not
science fact.” (p. 18). Although great advancements have undoubt-
edly been made in biomechanical optimisation modelling of sports
techniques in the last 35 years, these remarks appear to be as rel-
evant today as they were back then.
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