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The purpose of this 2-part commentary series is† to explain why
we believe our ability to control injury risk by manipulating
training load (TL) in its current state is an illusion and why the
foundations of this illusion are weak and unreliable. In part 1, we
introduce the training process framework and contextualize the
role of TL monitoring in the injury-prevention paradigm. In part 2,
we describe the conceptual and methodologic pitfalls of
previous authors who associated TL and injury in ways that
limited their suitability for the derivation of practical recommen-
dations. The first important step in the training process is
developing the training program: the practitioner develops a
strategy based on available evidence, professional knowledge,
and experience. For decades, exercise strategies have been
based on the fundamental training principles of overload and
progression. Training-load monitoring allows the practitioner to
determine whether athletes have completed training as planned
and how they have coped with the physical stress. Training load
and its associated metrics cannot provide a quantitative

indication of whether particular load progressions will increase

or decrease the injury risk, given the nature of previous studies

(descriptive and at best predictive) and their methodologic

weaknesses. The overreliance on TL has moved the attention

away from the multifactorial nature of injury and the roles of

other important contextual factors. We argue that no evidence

supports the quantitative use of TL data to manipulate future

training with the purpose of preventing injury. Therefore,

determining ‘‘how much is too much’’ and how to properly

manipulate and progress TL are currently subjective decisions

based on generic training principles and our experience of

adjusting training according to an individual athlete’s response.

Our message to practitioners is to stop seeking overly simplistic

solutions to complex problems and instead embrace the risks

and uncertainty inherent in the training process and injury

prevention.
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Injury prevention is a multimodal process in which various
professionals should collaborate, contributing their expertise
to reach this common goal. Improving the understanding of
each professional’s role within this interdisciplinary team
facilitates the collaborative process. The interest in injury
prevention for athletes and team sports is generally motivated
by the negative effects injuries can have on performance and
the associated costs incurred by sporting organizations.1,2

Furthermore, common sense dictates that athletic performance
cannot be optimized when athletes are restricted by injury. No
coach wishes any athlete under his or her care to become
injured, but it is true that, to maximize performance, training
must sometimes be close to the limit of athlete tolerance, eg,
between functional and nonfunctional overreaching while
avoiding overtraining.3 Athletes and coaches might deliber-
ately accept an increased injury risk as a tradeoff for potential
performance benefits.4 Less common, however, may be the
acceptance of risk by team managers, supporters, and the
media, which may raise the pressure on staff to minimize
injury occurrence and effects while maximizing athlete
availability and physical output.

The hypothesis of a relationship between sport injury and
training load (TL) was proposed by Kibler et al5 more than 30
years ago. In recent years, TL-injury research has grown
exponentially, particularly after 2 publications6,7 and subse-
quent editorials8,9 that contributed to catalyzing the interest in
this area. Authors of these seminal papers and the subsequent
research have pushed practitioners to take a more explicit role
in the monitoring and management of TL for injury
prevention. In fact, the high-performance sport industry has
been quick to adopt and implement the metrics and
recommendations from the expanding body of literature on
the association between TL and injury. Though it is great to
see early adoption of this concept, we argue that no strong
evidence supports the quantitative use of TL data to
manipulate future training for the purpose of preventing
injury.

Some recommendations (eg, do not train too much too soon)
make sense but are not derived from or supported by the
literature, with associations being shown in different direc-
tions or not at all (see Part 2). In most cases, these
recommendations are the outcome of selecting, from the
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diverse findings available, those that fit popular beliefs and
comply with common sense principles. The predisposition of
humans to fit information to currently held beliefs (confirma-
tion bias), along with the recent plethora of investigators
reporting any kind of association, has only solidified the
illusion that we have more control over the occurrence of
injury than we in fact do.10 Our human inclination to simplify
complex problems has possibly been the driver for this current
theory being so widely adopted so quickly.

In this commentary series, our goal was to explain why we
believe our ability to influence injury risk by manipulating TL
is largely an illusion and why the foundations of this illusion
are weak and unreliable. In part 1, we introduce the training
process framework, and we contextualize the role of TL
monitoring in the injury-prevention paradigm by providing
operational alternatives to the quantitative use of metrics
derived from TL measures. In part 2, we describe conceptual
and methodologic pitfalls typical of prior authors who
associated TL and injury in ways that limited their suitability
for the derivation of practical recommendations.

Training Load and Its Role in Monitoring

Training load can be defined as the input variable that
practitioners use to induce a training outcome.11 Training load
includes all the exercise sessions that potentially elicit training
effects (including competitions). About 15 years ago, the idea
of internal and external load was introduced to explain the
fundamental training notion of the stimulus-response con-
cept12: the psychophysiological response experienced by the
athlete during the training process is the stimulus for the
biological and psychological adaptations (the training out-
come). The external load is the physical work prescribed in
the training program (the quality, quantity, and organization of
the exercises selected)13,14 that ultimately induces a specific
psychophysiological response (ie, internal load). The same
framework has been extended to biomechanical components.15

No criterion standard measures of TL exist, but measures
that may be more or less appropriate in relation to the context
and the target are available.12 For example, proxy measures of
external load are usually specific to the nature of the training
undertaken. The external load in resistance training can be the
external resistance lifted; however, we may be more interested
in the work completed, the mechanical load experienced, or

the velocity generated during lifting.16 In team sports, external
load can be assessed as the total distance covered in specific
speed bands or accelerations. Similarly, measures of internal
load (ie, the responses to the external load), such as heart rate,
can be appropriate and valid for endurance-based exercises,
but they are less valid for quantifying the cardiovascular load
during sprint-based or intermittent exercises. This applies to
other proxies of internal load, such as blood lactate level (also
not very feasible in practice) and rating of perceived exertion.
Any measure has strengths and weakness that should be
considered when selecting and interpreting the results.

The training-process framework includes essential measur-
able components necessary for monitoring and controlling the
whole training process: (1) the external load, (2) the internal
load, and (3) the training outcome (Figure 1). Assessing these
components allows the practitioner to understand whether the
external load has induced the planned psychophysiological
response (internal load) and whether that load has induced the
expected adaptations (indirectly assessed by measuring the
training outcome). Failure to meet the target responses can be
used to provide feedback to modify the training plan (feedback
loop).

Before considering a training program effective or ineffec-
tive, the practitioner needs to be sure that the athlete has
completed the training as planned. This second level of control
is carried out by setting standards (TL planned) and comparing
the measured TL (TL completed) with those standards (Figure
2). If the standards are met, the training can proceed as
planned; if the standards are not met, corrective actions may
be needed after the reasons for the failure are determined. For
example, a practitioner may have planned a certain number of
sprints, repetitions, distance run above a threshold, or time
above a percentage of maximal heart rate. Although these
goals can be easily achieved by athletes completing highly
controllable exercises (eg, gym, sprint sessions, generic
interval training), it is more difficult to predict the individual
responses to other forms of specific exercises, such as small-
sided games in which the activity is spontaneous and can
differ among players. Nevertheless, the practitioner usually
has a target TL he or she aims for the athlete to reach with the
proposed exercise, and hence, the monitoring of actual TL is
crucial. Similarly, TL during competition cannot be manipu-
lated, but it constitutes a training stimulus. Therefore, an
estimate of the competition load should be included in TL

Figure 1. Training process framework and measurable components for monitoring.
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planning. In essence, the main goal of TL monitoring is to
control whether athletes have been doing what was planned by
the practitioner. An additional goal of monitoring is to
evaluate how the athletes are coping with and tolerating the
TL. For this, measures of TL based on perceptions, such as the
rating of perceived exertion,17 together with other responses to
internal load can provide useful information.

Even though the development of the training plan is not
shown in Figure 1, it is an essential requirement for any
training process (indeed, the process cannot progress without
this step). The development of a training program is usually
based on an understanding of the determinants (eg, limiting
factors) of the performance, which are the physiological
systems that the practitioner tries to target when planning the
training. In the context of injury prevention, these determi-
nants are the factors related not to performance but to injury
occurrence (Figure 3). These components—risk factors and
causal mechanisms—must be considered during the planning
phase.

When developing a training plan, a coach combines and
uses (1) the evidence available, (2) professional knowledge,
(3) her or his own experience, and (4) an understanding of the
athlete’s individual needs. This is no different than the process
followed by any practitioner who is developing training or
rehabilitation programs. The ability to make decisions based
on these components is commonly referred to as evidence-
based practice, which is one of the competencies specified by
the National Athletic Trainers’ Association,18 among other
organizations. This process is clearly subjective and depends
on the practitioner’s level of knowledge, experience, and
relationship with the athlete. Yet this degree of subjectivity
introduces uncertainty (ie, risk) into the training process, as we
can never be certain that what we are doing is the best option.
Currently, this is inevitable and common in many professions.
An example is the medical profession. Physicians make
diagnostic and treatment decisions based on many different

bits of information (clinical history, physical examination
results, imaging findings, blood test results, etc). The final
diagnosis and resulting treatment recommendation are based
on available evidence and knowledge, combined with the
personal experiences, biases, and beliefs of the physician and
his or her patients. Different physicians may make different
decisions but demonstrate outcomes that are equally success-
ful. Clinical professionals have learned to accept this
uncertainty, even though it may still elicit an uncomfortable
feeling of not having total control over a situation and its
outcomes.

Of course, a simple solution to modeling TL and injury risk
is very appealing, but injury prevention in high-performance
athletes is a complex phenomenon and requires an equally
complex consideration of the multiple factors that might
contribute to injury.

Similar to a physician who uses all the information at his or
her disposal to diagnose a condition and plan a treatment,
diverse expert opinions from the multidisciplinary perfor-
mance support staff will ensure that the best-informed
decisions regarding training plans are being made.

Overload and progression are fundamental training princi-
ples that have been used for decades to develop training
programs.19 Similar training principles are used and advocated
in other exercise-related contexts, such as physical activity in
special or clinical populations.20 Accordingly, training plans
commonly adhere to the idea that progressing load too quickly
can have a negative effect on load tolerance as a result of
suboptimal adaptations, thereby increasing the risk of
nonfunctional overreaching or overtraining.5 These 2 condi-
tions have been suggested as increasing the injury risk.5

However, more recently, a purportedly data-driven approach
has been popularized: the use of new TL metrics to determine
injury risk and guide remodulation of the prescribed TL (path
B in Figure 3). Although such a simple approach would be
ideal, unfortunately, this is still difficult for several reasons,

Figure 2. Simple process control model applied to training load monitoring.
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including the fact that available TL measures have limitations

in reflecting injury causes (eg, tissue or structure-specific

strength and mechanical load responses, ie, tissue or structure-

specific stress and strain).21,22 Additionally, significant con-

ceptual and methodologic problems exist with previously

published studies on which this paradigm is based. To

decrease the injury risk, a training program should focus on

2 main components: tissue-specific strength and tissue-specific

stress and strain, as we23 recently presented in a conceptual

framework (Figure 4). Training-load monitoring, instead,

pertains to the implementation phase. In this phase, we
measure TL and adopt corrective actions when the measures
deviate above a certain amount (predefined) of what was
planned (Figure 2). Measures of TL (absolute and relative) can
also inform us about whether the load progression is following
the plan.

Determining how to manipulate and progress TL (eg,
avoiding too much too soon) is a subjective decision based on
generic training principles and our own trial-and-error
experience of adjusting training based on an athlete’s response
and load tolerance. Training-load monitoring is a systematic
process for evaluating an athlete’s TL exposure over time to
inform the practitioner about the athlete’s progression in a
training phase or program. The practitioner can then use this
information to provide criteria for manipulating the athlete’s
future training sessions and treatment or recovery approaches.
It can be summarized and simplified in the following steps:

1. systematic measurement,
2. results summary,
3. objectively informed critical thinking and processing,
4. informed decision making.

Part 2 of this viewpoint addresses the different conceptual
and methodologic problems that arose when previous
researchers recommended the use of TL metrics to establish
injury risk and the manipulation of TL to reduce that risk (path
B of Figure 3). These arguments are presented to (1)
demonstrate to practitioners that the evidence and method
behind this approach are not as strong as perceived and (2)
provide advice to authors who would like to address this topic
in the future. However, an even more fundamental concern to
date has been completely ignored in the literature on TL
injury: the establishment of a clear causal path. Indeed, in the
absence of an attempt to establish causation, practical
recommendations regarding manipulation of investigated

Figure 3. Operational framework integrating the training process, monitoring, and control of the training load for injury prevention. Path A
represents the adjustment of the training load using information from monitoring but based on training principles. Path B represents the
adjustment of load based on the injury risk derived from previous studies.

Figure 4. Simplified version (essential components) of the
Kalkhoven et al23 conceptual model and detailed framework for
stress-related, strain-related, and overuse athletic injuries.
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prognostic factors are not possible.24 This limitation alone
invalidates the practical use of TL measures to determine if
the TL progression is appropriate for reducing the injury risk.

Of Course, Association is Not Prediction. . . but Neither
is Causation. By suggesting manipulation of a prognostic
factor (such as altering TL) to influence the likelihood of a
future outcome (eg, injury), a cause-effect relationship is
clearly assumed. This erroneous interpretation has been
widespread in the practical and clinical settings in which
practitioners believe that TL manipulation has been proven to
reduce the injury risk.25,26 Such as ‘‘High training workloads
alone do not cause sports injuries: how you get there is the real
issue’’27 articles published in scientific journals have no doubt
perpetuated this belief and increased confusion. Unfortunately,
these recommendations and associated metrics are now
included in commercially available software and athlete
management systems and used by international federations
for developing TL management and injury-prevention
guidelines.28 Authors24,29–31 of previous studies and editorials
have acknowledged that association is not prediction, but none
have realized that neither of these reflect causation. Causation
is required to suggest that manipulating 1 variable will
influence another. Though no authors have yet tried to
establish a causal link between TL and injuries, similar
practical recommendations are provided, all of which imply
causation. These researchers provide associations between TL
and injury; however, descriptive associations can only be used
for generating hypotheses. A few have even tried to develop
predictive models, and it is generally thought that the first
country or team able to accurately and consistently predict
injuries is likely to attain a substantial competitive advantage.
Still, the ability to predict an event does not necessarily shed
light on the cause of the event.24 This does not detract from the
role of prediction. Theoretically, it is possible to predict, but
predictors are not necessarily the causes of the outcome, and
therefore, manipulating them does not necessarily affect the
predicted event. Nonetheless, when done properly, prediction
may provide information, prompting the adoption of other
strategies with a proven effect on the event. For example, a
high value in a prognostic marker for a disease can initiate a
series of additional interventions and further screenings.
Unless the relationship is causal, we cannot expect much
from manipulating the predictor or prognostic factor.
Similarly, a TL metric may be found in the future to predict
injury, but unless causation is specifically investigated,
manipulating these metrics does not mean that we will alter
the injury risk.24,32

The famous example of the spurious relationship between
shark attacks and ice cream sold demonstrates this well.
Understandably, a strong relationship exists between the
amount of ice cream sold and the number of shark attacks,
so much so that it may be possible to predict the number of
shark attacks using the amount of ice cream sold. However,
reducing or even banning the selling of ice cream would not
influence the number of shark attacks. Instead, it would be
necessary to activate other countermeasures such as increasing
coastal surveillance, providing warnings to surfers, closing
beaches, etc. Based on the available evidence, suggesting
manipulation of TL and derived metrics to reduce the risk of
injury is the equivalent of putting a ban on ice cream sales to
prevent shark attacks.

Although experimental studies are the criterion standard for
establishing cause-and-effect phenomena, causal inferences

have been based on extensive and well-established methods in
observational studies. However, no authors have used these
methods.33

Operational Proposal for Practitioners: Back to the
Future

Considering both the lack of causal studies and the
methodologic problems with the associative studies (outlined
in part 2), the only solution is for practitioners to continue to
do what they have been doing for decades: that is, working on
how to inform and develop training plan progressions based
on expert knowledge and best practice while individually
adjusting each progression relative to the athlete’s tolerance
(eg, self-reports such as soreness scales), responses (eg,
internal load measures such as heart-rate measures), and
training outcomes (eg, physical or performance targets such as
countermovement jump height). The framework presented in
Figure 3, including the planning and implementation phases,
can serve as a conceptual guide for developing a rational
program that facilitates a systematic process. According to this
framework, practitioners such as strength and conditioning
coaches, athletic trainers, and physiotherapists should ideally
work on the components causally related to injuries—
structural or tissue strength and mechanical loading—to
improve an athlete’s tolerance to specific loading and
performance requirements.

This concept already underpins rehabilitation, and an
anatomical structure is considered at full capacity if the
athlete is able to perform functional movements at the volume
and frequency required without exacerbating symptoms or
causing cumulative damage that exceeds reparability, thereby
resulting in tissue injury.34 There is no reason to think that this
does not also apply in the injury-prevention space. Any
training, rehabilitation, or injury-prevention plan should
account for the different tissues’ adaptive characteristics, such
as recovery time and response to load. This is the approach
proposed by Glasgow et al,35 who suggested that optimal
loading in the context of rehabilitation should include
integration of the entire neuromusculoskeletal system and
should (1) target the appropriate tissues; (2) ensure loading
through the functional ranges; (3) balance compressive,
tensile, and shear loading; (4) vary the magnitude, direction,
duration, and intensity; (5) incorporate neural overload; (6)
adapt to individual characteristics; and (7) be functional.
Again, this is not based on one-size-fits-all metrics but on
clinical reasoning and intuition based on the individual’s
responses and necessities.

Practitioners can develop training programs that address
biomechanical alterations or limitations by modifying func-
tional movement patterns that might be affecting load
distribution through specific tissues, generating abnormal
stresses and strains. Combining restoration of function to
avoid abnormal tissue load distributions with exercise to
reestablish structural integrity after an injury, for example,
may help to reduce the risk of reinjury. Sustaining an injury
increases the risk of a subsequent injury of any type, not just a
recurrence of the original injury.36,37 This indicates that
alterations from previous injuries might overload structures
other than those directly involved in the initial injury.

Although current TL metrics cannot provide meaningful
information on whether the load progression increases the
injury risk by excessively loading a particular structure, they
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can assist in setting targets that an athlete must tolerate to
successfully return to sport postinjury (when sufficient
historical TL records are available). Training load is just
another tool in the belt of a skilled practitioner. Information
regarding TL should certainly be considered when planning
programs for athletes, but it is by no means the only factor in
successful rehabilitation or performance, and TL metrics
should certainly never be used independently as a substitute
for sound reasoning processes. The most appropriate progres-
sion is not determined by the metric but by expert knowledge,
experience, and what is considered the best practice. A good
practitioner should be using problem-solving skills to
maximize the athlete’s capabilities, making the athlete more
robust so that he or she can better tolerate what is required to
improve or maintain competitive performance.

And. . . Look at the Bigger Picture: Downsize Your and
Your Stakeholders’ Expectations. The other risk we run is
implying that we have the answer to the problem of injury in
terms of stakeholder expectations. Most experts agree that
injuries are multifactorial in nature, but if we place too great
an emphasis on 1 variable alone (such as TL monitoring and
manipulation), we are unlikely to succeed in appreciably and
consistently reducing the injury rate. By using oversimplified,
unilateral techniques to suggest we have the answer, we run
the risks of both missing out on the opportunity to identify
other factors that may contribute to injury and leaving
stakeholders unimpressed when injury rates fail to decrease
by the promised amounts. In recent years, experts have
published several articles38,39 highlighting the complexity of
injury prevention and emphasizing the need for more
comprehensive approaches and multimodal interventions.
The Translating Research into Injury Prevention Practice
(TRIPP)40 framework proposes a 6-stage, evidence-based
research process for injury control:

1. injury surveillance (ie, establishing the extent of the
problem),

2. mechanisms of injury etiology (eg, risk factor identifi-
cation),

3. development of injury-prevention measures (ie, appro-
priate intervention selection),

4. evaluation of injury-prevention interventions (ie, assess-
ing efficacy),

5. description of the intervention context (eg, translating
efficacy into effectiveness),

6. the evaluation of injury-prevention interventions in a
specific implementation context.

Many organizations have begun this process with surveil-
lance systems in place (stage 1). Hulme et al41 stated that
authors attempting to identify risk factors use somewhat of a
black-box approach, meaning that stage 2 (identification and
understanding of injury etiology) has not been properly
addressed. This is especially true when no theoretical basis
or explanation of the links between risk factors and the
biological or mechanical causes of injuries exists. To
understand mechanisms of injury, we need conceptual
frameworks that provide causal assumptions, ie, hypotheses
of causal structures that can be formally tested. Challenging
these frameworks is the scientific process that leads to
optimization and arrival at an acceptable etiological model.
This is an unavoidable step for progressing to the other stages
of the TRIPP model because an injury-prevention measure
should be linked to the mechanism of injury if it is to have any
chance of being effective. The framework referred to earlier
(Figure 3) is an attempt to move us in this direction. However,
it is important to highlight that injury prevention should target
these suggested mechanisms (tissue or structure strength and
mechanical loading) not only with training but ideally also
with interventions for other contextual factors to have a
comprehensive influence on these mechanisms. Using the
socioecological model proposed by Bolling et al42 as a further
example (Figure 5), all levels (country, association, sports, and
athlete) can have causal effects on injury occurrence only if
they influence the mechanisms of injuries (inner level), for
which we offered a causal framework.23 Ideally, each level of
context should be considered when developing injury-
prevention programs, though this is not always possible.

As mentioned, acting on all of these contextual factors in a
practical setting is difficult, but it nicely demonstrates that we
should temper our expectations when discussing TL and its
effect on injury because it is only 1 factor among many that
can influence the injury risk. Educating stakeholders to accept

Figure 5. Socioecological model of sports injuries proposed by Bolling et al (Sports Medicine, 2018).42
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risk and uncertainty, thereby reducing pressure on coaching
and performance support staff, will probably be more effective
than embracing overly simplistic views and will allow
practitioners to work responsibly.

Researchers must be careful with the messages they
popularize. For example, suggesting replacement of the term
overuse injuries with TL errors43 not only negates the
multifactorial nature of injuries38,42 but assigns too much
importance to TL without acknowledging the limitations of
the available measures and obscuring other potential contex-
tual factors. These types of statements can also generate
conflicts between different personnel in the injury-prevention
domain (for instance, between clinicians and coaches) and add
unnecessary confusion.44

CONCLUSIONS

In the absence of strong and unbiased evidence, practi-
tioners must be aware of the risks of relying on TL metrics to
inform their decision making (see part 2). Information
regarding TL should only complement the many other skills
used to ensure that the athletes with whom practitioners work
are prepared to train and compete at their best level. Until the
science catches up, practitioners should continue to focus on
using established evidence-based strategies and common
sense to guide their decision making, focusing on interven-
tions that, at least theoretically, can influence the mecha-
nisms of injury.

The role of all performance support staff is to provide the
coach and the athlete with the information required so they
can make an informed decision regarding training in the
context of any given scenario. If athletes do ‘‘break’’ (and this
is often outside our control), it is often manageable, the
performance support staff have the expertise to ‘‘fix’’ them. All
stakeholders should be aware of the uncertainty behind injury
risk control and the training process. Some factors are simply
not controllable.

Finally, athletic performance and injury prevention or
management are not mutually exclusive and instead depend
heavily on one another, with optimal performance always the
main goal in a sport setting. As such, medical staff need to
work closely with coaches and other performance support
team members to help deliver what is needed to improve
performance while trying to minimize the risk of injury.
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