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A B S T R A C T

Injuries exert an enormous impact on athletes and teams. This is seen especially in professional soccer,
with a marked negative impact on team performance and considerable costs of rehabilitation for players.
Existing studies provide some preliminary understanding of which factors are mostly associated with
injury risk, but scientific systematic evaluation of the potential of statistical models in forecasting injuries
is still missing. Some factors raise the risk of a sport injury, but there are also elements that predispose
athletes to sports injuries. The biological mechanisms involved in non-contact musculoskeletal soft
tissue injuries are poorly understood. Genetic risk factors may be associated with susceptibility to
injuries, and may exert marked influence on recovery times. Athletes are complex systems, and depend
on internal and external factors to attain and maintain stability of their health and their performance.
Organisms, participants or traits within a dynamic system adapt and change when factors within that
system change. Scientists routinely predict risk in a variety of dynamic systems, including weather,
political forecasting and projecting traffic fatalities and the last years have started the use of predictive
models in the human health industry. We propose that the use of artificial intelligence may well help in
assessing risk and help to predict the occurrence of sport injuries.

© 2019 Elsevier Ltd. All rights reserved.
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Injuries affect negatively performance in sports. In professional
sport, injuries to key players costs teams millions in salary and lost
revenue, and can make the difference between success and failure
[11]. All too often, nevertheless, sporting teams take a simplistic
solo approach to injury detection, with each team attempting to
discover those hidden variables and metrics that can accurately
‘predict’ the risk of injury to particular players [8]. Historically,
academic work on injury forecasting has been deterred by the
limited availability of data describing the physical activity of
players. Nowadays, the Internet of Things has the potential to
change rapidly this scenario thanks to Electronic Performance and
Tracking Systems (EPTS), new tracking technologies which provide
high-fidelity data streams extracted from every training and game
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session. [17]. Some factors raise the risk of a sport injury, but there
are also elements that predispose athletes to sports injuries [6].
The biological mechanisms involved in non-contact musculoskel-
etal soft tissue injuries (NCMSTI) are poorly understood. Genetic
risk factors may be associated with susceptibility to injuries, and
may exert marked influence on recovery times [7]. Rehabilitation
and preventative efforts should be centered on a thorough
knowledge of risk factor etiology and on the knowledge of how
such factors contribute to sports injuries. Predictive factors of
sports injuries are some biological variables: the as yet not well
defined relationship between all these biological variables can help
to produce a health profile or a personalised diagnosis [9].

The relationship between training workload and injury risk has
been widely studied. For example, in rugby, players are a high
injury risk when their workloads are increased above certain
thresholds. To assess injury risk in cricket, Hulin et al. propose the
Acute Chronic Workload Ratio (ACWR), i.e. the ratio between
players’ acute and chronic workload. When the acute workload is
lower than the chronic workload, cricket players are at a low risk of
injury. In contrast, when the acute/chronic ratio is higher than 2,
e. A tool for sports trauma prediction, Injury (2019), https://doi.org/
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players have an injury risk 2–4 times higher than players in whom
this ratio is lower than 2. Hulin et al. and Ehrmann et al. find that
injured players, in both rugby and soccer, show significantly higher
physical activity in the week preceding the injury compared to
their seasonal averages.

Athletes are complex systems, and depend on internal and
external factors to attain and maintain stability of their health and
their performance. Organisms, participants or traits within a
dynamic system adapt and change when factors within that
system change [1]. Scientists routinely predict risk in a variety of
dynamic systems, including weather, political forecasting and
projecting traffic fatalities [14]. Ideally, the modeling for each
forecasting model involves sophisticated statistical assessment,
complex/multiple simulation studies, allowances of time-related
changes, and distinctly large sample sizes [9]. Sports injuries occur
within a dynamic system, and all too often we have ignored the
dynamic nature of the system (for example, changes in force
production performance, or accounting for factors such as contact
injuries) when trying to predict injury. Classically, we assume that
baseline characteristics such as strength, balance and flexibility
would predict an injurious event, independent of their internally
driven change, and often independent of external factors.

The prevention, diagnosis and management of sports injuries
are crucial in both professional and amateur sports. Injuries occur
as a consequence of extrinsic and intrinsic factors. For example, the
extrinsic factors that may influence a soccer player’s predisposition
to injury include the design of the playing field, the characteristics
of the ball, air temperature, altitude, and the time of the match; the
intrinsic risk factors for NCSMTIs include age, sex and prior injuries
[12]. Despite rigorous controls over many extrinsic and intrinsic
factors, a wide range of inter-individual differences exists in
number and degree of injuries and in recovery time, suggesting
that other factors, including genetic variations, may exert an
important influence on these differences [7].

The canonical approach to predict injury risk has been linear
regression [11]. While suitable for simple models, linear regression
is unable to capture the complex, non-linear interplay between
multiple input features. A given sport action will depend on the
task to be undertaken, and personal and environmental con-
straints. A coach should aim to train athletes to adapt their
behaviour to constantly changing and often unpredictable environ-
ments and situations [15].

In practice, we are attempting to model a very complex system,
the human body, inputting in the model many variables and
signals. It would be desirable to train artificial intelligence models
which exploit non-linear relationships between observable
variables to approach complex phenomena such as soft-tissue
injuries.

With this in mind, their inherent characteristics make Artificial
Neural Networks well suited to be applied to this issue, as they are
able to model very complex systems and form disjointed decision
boundaries in a large dimension space [4].

BARCELONA FC construct a multi-dimensional model to
forecast whether players will be injured based on their recent
training workload. The construction of the injury forecast consists
of two phases. In the first phase (training dataset construction),
given a set of features S, a training dataset T is created where each
example refers to a single player’s training session and consists of:
(i) a vector of features describing both the player’s personal
features and his recent work- load, including the current training
session; (ii) an injury label, indicating whether (assigned a value of
1) or not (assigned a value of 0) the player gets injured in the next
game or training session. In the second phase (model construction
and validation), a decision tree learner is used to train an injury
classifier on the training dataset T. Injuries involve great economic
costs to the club, given the expensive process of recovery and
Please cite this article in press as: G. Kakavas, et al., Artificial intelligenc
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rehabilitation of the injured players. Injury prevention can reduce
these costs by avoiding the injury, which will improve team
performance and the player’s mental state, as well as reducing the
seasonal costs of medical care. We estimate that 139 days of
absence during the seasons are consequent to injuries, corre-
sponding to 6% of the working days. Players returned to regular
physical activity within 5 days in 15 instances out of 23 injuries,
while only 6 times a player needed more than 5 days to recover
[18].

Machine learning models which account for non-linear
relationships have become very successful in areas such as vision
and natural language, both heard and written, that require to
understand complex patterns through raw-level data [13].
Artificial neural networks are able capture complex patterns in a
hierarchical way, identifying non-linear functions of the observed
variables through a data-driven learning process that would be
impossible to achieve through linear models [5].

A distinction must be made between predicting injuries and
predicting injury risks. Injuries are binary events - in a particular
session, a player is either injured or not injured. The task of
accurately predicting whether a player will be injured in a given
session is extremely difficult, as a multitude of factors are
statistically associated to an injury, many of which cannot be
predicted nor measured, but these factors are not necessarily
causative of injury. There is no way to know whether a healthy
player will land awkwardly on a given section of the playing field
during next match. Conversely, we cannot predict whether an at-
risk player will be put in a situation that will result in an injury.
Instead, we attempt to measure the injury risk of a player [3].

However, for some injuries [e.g. hamstring strain and patellar
tendinopathy (PT)], these techniques have not yet yielded
consistent identification of risk factors [2]. These inconsistencies
confirm how complex most of human health conditions are. In this
sense, we need a broader approach to better understand the
complex relationships between risk factors/predictors and inju-
ries. Recently, a complex systems approach has been used to
predict complicated problems in medicine, biology, economics,
and social sciences [1].

This approach may be the only option if we accept the non-
linearity and complexity of sports injuries and their predictability.
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