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In this module we present a theoretical framework based on scientific evidence that will
enable the establishment of strategies and practical applications that minimize the risk
of injury in team sports.

In order to work on this issue, we must first establish the relationship between training
and/ or competition workload and the risk of injury. This is very important data when it
comes to understanding this phenomenon. On the one hand, one of the effects that
usually comes up when athletes are injured is the economic loss that this represents for
the club and, on certain occasions, also for the player. For example, the Premier League
spent € 243 million on salaries of injured players in the 2017-18 season. That season
represented an increase of 21% compared to the expenditure of the previous season. The
team that suffered the most injuries that season was Arsenal, which had 54 injuries. But
the team that spent the most was Manchester City, which had to pay some € 23 million,
calculated based on the salaries of its players. In addition, during the period in which the
athletes were unable to practice sports, each injury cost an average of approximately €
362,000 per player. The most common injuries were at the knee and muscle level (BBC
Sport, 2018).

Another factor that we can use to quantify the influence of injuries on teams is to count
the number of games that different teams lost because of injuries. In Figure 1, we can
see the evolution of the number of total games lost for each of the NBA teams, from the
2000 season to the 2014 season. The lowest rate was in the 2006 - 2007 season, with
just 700 games lost among all, reaching more than 1600 in the 2013 - 2014 season.
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Figure 1: Total number of games lost due to athletes’ injuries

&

_#F

Source: Hisham et al., 2016, p. 7.
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Another study establishes the total number of games lost due to injury and its relation to
the salary received by injured players during their leave of absence. Figure 2 shows the
teams that spent the least due to this reason during the 2005 and 2006 NBA seasons
(Phoenix Suns and San Antonio Spurs).

Figure 2: NBA: total number of losses due to injuries since the 2005-2006 season
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Source: Moreno, J., 2015, http://www.move2thrive.com/kinein-blog/2015/5/9/hey-nbacant-you-get-your-
athletes-bigger-chairs

One of the injuries that has more influence in football is the hamstring injury. This injury
causes an average loss of seventeen days both in training and in games. In addition, the
subsequent performance of the athlete who suffers the injury decreases, and his
recovery costs an average of € 280,000. To better understand injuries and possible
prevention strategies, we can start by analysing the data presented in Figure 3. This
graphic shows that the injuries suffered at the hamstring level during training sessions
have increased by 4% annually, by analysing the period that goes from the 2001 season
to the 2013 - 2014 season.

Figure 3: Annual increase in hamstring injuries during training sessions of
professional football players
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Source: Ekstrand et al., 2016, p. 4.

A similar tendency has emerged during matches, with an increase of 15%.
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Figure 4: Annual increase in hamstring injuries during matches of professional
football players
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Source: Ekstrand et al., 2016, p. 5.

When analysing the topic of injury prevention, it is important to mention the study
published by Barnes, Archer, Hogg, Bush and Bradley (2014) in which they quantified the
technical and physical demands that occurred in the Premier League. In that study, a
volume variable (total distance covered) was considered and it was observed that there
were not too many differences, and there was only a slight tendency towards the
increase. However, if we analyse the distance to high intensity and the sprinting
distance, they show a steeper slope in their increasing trend. These data were collected
from the 2006 - 2007 season to the 2012 - 2013 season.

Figure 5: Quantification of technical and physical demands in the Premier League
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Source: Barnes, 2014, p 1097.

It is also worth analysing the study carried out by Nassis, Brito, Figueiredo, and Gabbett
(2019) in which they show that, when playing small side games in football, only 22% of
the players reach the requirements they need in competition in relation to repeated
sprints (Figure 6).

Figure 6: Comparison on the quantity of touches and repeated sprints in reduced
games
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Source: Nassis et al,, 2019, p. 1.

However, when analysing reduced games, 89% of the players made more touches than
they possibly do during a match. Lastly, in relation to these data, only 22% of the
analysed players managed to meet both the requirements of repeated sprints and
technical touches that they would perform in a match. Hence, we can conclude that the
value of reduced games tasks should be highlighted, but we have to complement them
with other types of tasks that will enable us to meet, in this case, the physical demands
of sprints both in number and in total distance covered.
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Apart from this issue, it is very important to analyse the aetiology models of the injuries.
For example, in 1994, Meeuwisse published a study in which he established a change in
the analysis of causes. He went from analysing a single factor as the cause of the injury
to an analysis of more factors that could affect the injury (multifactorial analysis), in
addition to proposing the implementation of multivariate rather than univariate
analyses. Such analysis provides a better understanding of the origins of injuries.
Figure 7 summarizes the factors that were used to understand the risk of injury. On the
one hand, internal risk factors were studied, that is, the player's intrinsic factors (age,
flexibility, previous injuries and the somatotype of each athlete, among other factors).
But since these players were immersed in an environment, the extrinsic risk factors that
made them susceptible to injury were also analysed. In this way, we basically
differentiate two areas: the risk area for the injury (the individual risk factors and the
exposure to external factors) and the area of the injurious mechanism (possible cause of
the injury).

Figure 7: Multifactorial model of sports injuries aetiology
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Source: Meeuwisse, 1994, p. 168.

A few years after the publication of this study, Bahr and Krosshaug (2005) broadened its
scope. Based on the previous approach, the authors showed a series of more detailed
intrinsic factors: age, sex, body composition, body fat, total weight, health, subject's skill
level, and psychological factors, such as competitiveness, motivation, and stress. They
added possible joint instabilities, physical conditioning-oxygen consumption, range of
motion - and whether there were differences in joint alignment, among other factors. In
addition, the extrinsic factors of the environment, which had previously only been
mentioned, were further analysed. Some of the risks of external factors that were taken
into account were: sports factors (the rules, the referees who participated in the
competitions), equipment for protection (whether a helmet is worn, the type of ground
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Ig] Risk factors for injury Mechanism of injury
[distant from outcome) _J |preximal to outcome]

surface), sports equipment (the type of footwear, for example) and the environment
(whether the sport was carried out in outdoor conditions, and whether there was snow,
rain, etc.). And, finally, the harmful mechanisms were determined in such detail that they
included the game situation, the behavior of both the player and his opponent and also
a complete biomechanical analysis of movement (at the global level of the body but also
at the local level). All these factors resulted in an improved analysis of harmful
mechanismes.

Figure 8: Integral model of injuries causalities
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Source: Bahr and Krosshaug, 2005, p. 327.

A third step outlined by Meeuwisse, Tyreman, Hagel, and Emery (2007) could be
summarized as a dynamic linear approach to the process. Until then, there were a series
of internal and external risk factors, a damaging mechanism, and the focus of research
was only on the injury. From the moment this article was written onwards, practitioners
began to consider that a mechanism may or may not lead to injury. If it does not, it is
possible that this non-injury generates positive adaptations in the player's internal risk
factors due to training. For example, the training session could improve the player's
neuromuscular control. If the injury does occur, the player will need a recovery that
tackles the intrinsic risk factors in a directs way, since from that moment on, that injury
will become a risk factor.
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Figure 9: Dynamic and recursive model of aetiology of sports injuries
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Source: Meeuwisse et al., 2007, p. 217.

Now that we have reviewed the different models, we should focus on the training
workload. Loren and Bradford's (2003) article reviews Banister's study, in which he
analysed the dose and response in training, but only in relation to performance: he did
not analyse or predict their effect on the chances of suffering injuries. In Figure 10 we
see how, according to the bifactorial theory, a stress (training workload) occurs that
produces a series of negative effects manifested in the form of fatigue and a series of
positive effects related to fitness that can lead to overcompensation that allows the
subject to be above the pre-stimulus level. There is a moment when the positive effects
outweigh the negative ones; at that time "supercompensation" manifests itself, as
Banister showed in his performance analysis models.
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Figure 10: Fitness - Fatigue theory
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Source: Loren, 2003, p. 43.

However, injuries have not been analysed following this approach. When an anterior
cruciate ligamentinjury occurs, itis customary to think of the damaging mechanism first.
However, what could have happened in the preceding moments is not generally taken
into account, that is, the workload the athlete endured the previous day, the previous
week, etc. These aspects, which are related to the training workload, may also be
relevant. Training workload is not an intrinsic risk factor nor an extrinsic one; it is the
means through which sports injuries may occur.

Windt and Gabbett (2016) proposed to locate the training and/ or competition workload
within the analysis of the model of the aetiology of sports injuries. These authors also
distinguish between intrinsic and extrinsic risk factors as well as the positive or negative
effects that the workload will have on the athlete. If no injury occurs, internal risk factors
will be affected in one way or another after that workload. If an injury does occur, as in
the previous model, there will be an impact, since the athlete will be more susceptible
to suffering future injuries.
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Figure 11: Aetiology model of the origin of sports injuries
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Source: Windt and Gabbett, 2006, p. 6.

Physical training can produce positive adaptations in the player's physical condition.
These adaptations will be associated with an improvement in modifiable internal risk
factors, such as aerobic capacity, skill level, or the player's body composition. Finally, the
negative effects of weight training, that is, its negative consequences associated with
training mainly through fatigue, will also affect modifiable risk factors. This will cause a
decrease in certain functions (such as neuromuscular control) that will produce greater
vulnerability in a potentially harmful situation. It is important to point out that, despite
the fact that the origin of the injuries is approached from a multifactorial perspective,
scientific evidence indicates that the workload is a factor that should be considered in
the prevention of injuries and, therefore, we must include it in our analysis, in the same
way as Windt and Gabbett did in their model.

In order to determine the risk of injury, pyramids are generally used to show categories
such as the athlete's strength level, workload monitoring, among others. However, none
has yet displayed the information shown in Figure 12.
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Figure 12: Pyramid for preventing injuries
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This Figure was drawn by one of the doctors of the NBA San Antonio Spurs. It shows that
the base of the pyramid are the players in the team. The probability of injury in a football
team with an average age of 40 years will not be the same as that of a team with an
average age of 23 years. Since age is one of the intrinsic risk factors, the younger team
will have less risk. The making of the team is a fundamental element in the prevention
of injuries; this is something that has not been reflected upon with enough clarity in the
past..

The pyramid continues in ascending order with load monitoring, the development of
physical conditioning, the efficiency in the patterns of the different movements that the
player could perform on the field, the structured injury prevention plans, the
rehabilitation after the injuries and finally the luck factor.

On the basis on the aforementioned article, we need to point out that the work of the
physical trainer can fundamentally affect the following levels of the pyramid: prevention
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programs, the development of strength through physical conditioning, the efficiency of
movement patterns and the monitoring of training and/ or competition loads.

In order to establish an injury prevention strategy, we need the contribution of all the
members of the staff: the coach, the medical staff, the physical trainer and, of course,
that of the player himself, who is part of that process. The work and interaction of this
group of people will allow a better approach to reducing the probability of injury.

In the same way that the scientific literature has grown exponentially in the publication
of articles related to IMU's and GPS positioning systems, there has been an exponential
growth in publications related to the probability of injury from the year 2000 to the
present day. And apparently, this will continue.

Figure 13: Growth in research that include keywords such as “training” and “injury”
since 2000.

160 1
140 |
120 =
100 M
80 1 i
60 -
40 1

?-QDDHHHHHHH

T T

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year of Publication

Number of Publications

Source: Gabbett, 2018, p. 1.

To rigorously and more efficiently diminish the probability of injury, we must find the
optimal training dose that produces the intended performance effects. In general, the
elite teams train to improve performance and win in competition. Therefore, their
objective is to increase performance to achieve victory, but the optimal dose to achieve
it should be found; otherwise, an excess, for example, can generate a greater probability
of injury. This is already a practical application of monitoring training and/ or
competition loads. Finding that adequate, optimal load is essential.
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In relation to monitor loads, Tim Gabbett (2012) established the total distance and the
distance to high intensity covered by rugby players in the different microcycles during
one season. The results showed that whenever players ran an additional nine meters
per session at more than 25 km/h, they increased the probability of suffering a soft tissue
injury without contact by 2.7 times.

Figure 14: Total weekly training distance and distance covered to high-speed running
over the course of a professional rugby league season
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Source: Gabbett, 2012, p. 956.

Along these same lines, it is worth mentioning the article on Australian football
published by Colby, Dawson, Heasman, Rogalski and Gabbett (2014). The authors
concluded that the probability of injury increased to 5.5 when a greater distance was
accumulated every three whole weeks during pre-season and that the ratio was 3.7
when this distance was greater in sprinting. During the season, the probability of
suffering an injury increased by 2.5 when the force load variable was greater in three
weeks and the probability multiplied by 2 when the rate of change in speed increased
every four weeks.
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Figure 15: Workload data on different years of experience in the Australian football

system at different stages of the season
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Source: Colby et al., 2014, p. 2247.

To preventinjuries, itis also important to prepare our players in the requirements of the
competition.

Figure 16 provides practical and real data from our team. The data was collected during
different sessions of one season. The first column indicates the distance covered per
minute (team average) and the second column corresponds to a specific player in that
session.

Figure 16: Comparison of own team data with data of a particular own player
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In this study, the data was analysed using the minimum detectable change between all
sessions to establish whether or not that variable presented significant changes in that
session, compared to the other sessions. But that was not enough because we needed
to know the magnitude of that change. So, the Z value was calculated. Thus, for example,
we can go from 0.62 to 1.08 (fourth column) and reach in some cases up to 2.24. The sixth
column shows the Z value for an individual player. The last column refers to the
calculation of the variation rate.

Figure 17: Analysis of the Z value during different sessions for a player and for the
average of the analysed team
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VALOR Z=Z Value
Equipo=team
Jugador= player

Source: Own elaboration

Other concepts that it is important to consider are the acute load (short period of time)
and the accumulated or chronic load (longer period of time). The relationship between
these two concepts, acute and chronic load through the ratio between acute load and
chronic load, provides the ratio of acute-chronic load. From this we can derive that,
when establishing a certain ratio (Figure 18), an area with a lower risk of injury (green
area) is also delimited. Moreover, the probability of injury increases (red zone) when a
certain ratio is exceeded.

Figure 18: Guide to interpret and apply acute-chronic workload data
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| injury risk 1 injury risk
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Acute:Chronic Workload Ratio

Source: Gabbett, 2016, p. 6.

If we want to analyse this relationship in basketball, we should turn to Weiss, Allen,
McGuigan, and Whatman's (2017) article. In this study, the authors indicated that the
percentage of injured players on the team analysed varied as load ratios changed. Areas
with a higher risk of injury appeared compared to an optimal area that was established
between the ratio of 1 to 1.49.
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Figure 19: Acute-chronic load ratio in basketball players
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Source: Adapted from Weiss et al., 2017.
In this sense, individualization is essential. Figure 20 shows how two players from the
same team have a different probability of suffering an injury when facing the same

acute-chronic load ratio.

Figure 20: Comparison between two athletes in relation to their probability of injury)
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That is, the acute-chronic load ratio is also individual. So, we can ask ourselves, do the
ratios we choose actually matter? Is it the same to choose as acute load four days or one
week, and as chronic load, three or five weeks? Lacome, Simpson and Buchheit's (2018)
article shows that the four-day acute load and the eighteen-day chronic load were more
sensitive in predicting a greater risk of injury than the seven-day ratio for the acute load
and twenty-eight, for the chronic load. This tool is also useful as a strategy to prevent
injuries.
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Figure 21: Changes in total distance (in meters) for an elite football player over a
period of seven months
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Fuente: Rodriguez, 2011, p. 55 o adaptado de Rodriguez, 2011. (“adaptado” significa que se toma como
referencia a otro autor, es decir, que la imagen no es textual, sino adaptada).

Figure 22 shows data related to our team. The acute load ratio established at seven days
and chronic load ratio established at twenty-eight days appear for the variables of
distance >18 km/h covered and for the number of accelerations during several months
of the season.

Figure 22: Load control and acute-chronic load ratio of the FC Barcelona first
basketball team
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Source: Author's elaboration through the use of WIMU devices, Realtrack Systems S.L.

Another aspect to take into account in relation to this ratio is the calculation used to
obtain it: the rolling average or moving averages. But this is not the only way to calculate
the ratio, it can also be calculated, unlike the data presented above, from an exponential
analysis of moving averages. This process allows for a greater importance and relative
weight to the most recent data, that is, to the closest training sessions in time. The
following Figure shows the evolution of the ratio in three athletes comparing the rolling
average analysis and the exponential moving average analysis (EWMA).

Figure 23: Different acute-chronic workload ratio values produced using
exponentially weighted moving averages and moving averages methods
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Source: Williams, 2017, p. 210.

Figure 23 shows the difference between the two analyses, reaching values of 1.25 and
1.43 in the case of athlete 1. And values of 1.41 and 1.43 in the case of athlete 2. In relation
to the load dynamics of athlete 3, in which there is a large fluctuation between the latest
data and the previous ones analysed, the exponential analysis generates a ratio of 1.55,
higher than the one previously found. Thus, we could establish that the analysis of
exponential moving averages is more sensitive, especially in high ratios.

The article published by Murray, Gabbett, Townshend and Blanch (2016) calculated the
ratio for the total distance covered, the already high moderate distance, and the player
load. The study showed significant differences between the two methods in the four
variables when the ratio was high (Figure 24). These data corresponded to the pre-
season, and the same behaviour occurred in the season phase.

Figure 24: Probability of injury in each ACWR range during the pre-season period for
the current day in total distance, distance at moderate speed, distance at high speed
and player load
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Source: Murray et al., 2016, p. 4.

A third method is the coupled and uncoupled method. The coupled analysis means that
for an example of four weeks the acute-chronic calculation includes the four weeks as
chronic load and the last week as acute. However, the uncoupled method takes the first
three weeks as chronic load and the last week as acute. That is, it eliminates the last
week of the analysed chronic load.

In general, we can establish that acute spikes in the workload for multiple variables
should be avoided, due to the fact that they are associated with an increased risk of
injury. The moving averages model is based on scientific evidence and supported by the
literature to quantify the probability of the risk of suffering an injury. All in all, the
exponentially weighted moving averages model has a higher sensitivity to detect
increases in the risk of injury in greater ranges of the acute-chronic ratios.

However, more evidence must be provided on the different methods of acute-chronic
loading and the calculation of the risk of injury. This will allow professionals involved in
fitness training of elite players to systematically and more effectively prescribe training
loads to improve the physical qualities required in competition while minimizing the risk
of load-related injuries.

In general, these articles indicate that high chronic loads provide the athlete with better
preparation and predisposition to withstand some of the sharp training peaks, in part,
due to adequate physical conditioning that, in turn, allows them to better withstand the
requirements of competition. Therefore, a good level of physical conditioning can
contribute to better incorporate loads and therefore, reduce the probability of injury.
The percentage of change of the load between the different weeks should also be
analysed.

For example, if there is a certain increase in the percentage, compared to the previous
week, the probability of suffering an injury also increases (Figure 25).

Figure 25: Probability of suffering injuries with different changes in training load
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Source: Gabbett, 2016, p. 5.

Figure 26: Evolution of the change in percentage between weeks of the distance in
the F.C. Barcelona
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Another aspect to take into account to minimize the risk of injury is the control of the
distance to high intensity to which our players are subjected. We will consider the article
published by Williams, Trewartha, Cross, Kemp and Stokes (2017). The authors sought to
establish the most important variables when analysing the load. To do this, they carried
out an analysis of the main components of ten variables in four teams.

They established that there were three main components that explained 57% of the
variation as acute, 24% as chronic load, and 9% as change between microcycles. From
this analysis, they concluded that the acute load was fundamentally represented by the
load endured in one day.

Another essential aspect to consider is fatigue. Various articles have compared different
physical demands between the first part and the second part in football and between
the different quarters in basketball. Linke, Link, Weber and Lames (2018) showed that
football players covered 99 meters per minute in the first half, and 78 meters per minute
in the second half. This entailed a decrease of 21% between the first and the second part.
But if we control and normalize breaks, the difference is lowered to just 6.6%. Therefore,
we must ask ourselves, or reflect upon the following issue: whether fatigue is the cause
of this slight decrease in distance covered or if contextual factors can influence this
result.

Finally, it is important to point out that machine learning can help us better understand
and better prevent injuries. We should not dismiss the player's internal responses to the
external load (heart rate and heart rate variability, for example). It will also be important
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to approach injuries from a complex dynamic systems perspective, so as to gain a better
understanding of strategies in the field of injury prevention.

All this information should be taken into account to minimize the risk of injury in team
sports.
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