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SECTION 1 - MOVEMENT SCREENS

Chapter 1 - Observation
Technical models of movements are abundant in sport. From sport
specific movements to foundational movements - there is a model that
oftentimes drives our decision-making as coaches and therapists.
Therefore, a deep understanding of the technical model is imperative.
But understand that the model is only the first step!
We must take this further with the ability to observe movement in a
constructive fashion. While knowledge of the technical model gets the
process started, we must turn that knowledge into improved wisdom,
and ultimately, judgement.
Observing movement in real-time is the ultimate litmus test, but to get
there we must first progress through the stages of understanding
snapshots of movement, recognizing movement in slow-motion, and
recognizing movement at real-speed.
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The ALTIS Kinogram Method was designed to help coaches and therapists
identify the key landmarks of a particular movement and begin to process
individual solutions within that movement, as well as the progression/
regression over time and in various contexts. This can help jumpstart the
ability of a coach or therapist to progress from knowledge, to wisdom, to
judgement all the while making a positive contribution to the
Performance Environment.
So where exactly does Performance Therapy fit within all of this?
The procedural flow of Performance Therapy is:

OBSERVE ➟ TREAT ➟ RE-OBSERVE
As you can see, the treatment/intervention/input is sandwiched between
moments of observation, further highlighting its importance.
As an athlete is performing movements representative of their sport, the
process of ‘observe, treat, re-observe’ is evaluating and working to
improve sport specific patterns. Daily movements demanded by the
sport become a “Living Movement Screen”. As this process is ongoing
throughout a session, observation occurs across multiple thresholds of
eﬀort (walking, jogging, sprinting, simple and complex movements in the
weight room, supine and prone movements during mobility, etc.), through
multiple planes, and through multiple ranges of movement.
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Using human movement as a way
to assess function and
performance is not a novel concept
in the world of high-performance
sport. The use of static and/or
dynamic frames of human
locomotion has been used for
decades by coaches and therapists
alike, as a way to gain a glimpse
into the ever-changing ecosystem
of an athlete.
This auditing process lends itself
to be quite robust in its
implementation, which allows a
multitude of investigations to
occur. For instance, in the past few
years, the scientific community has
focused its attention on injury
prediction, using some type of
audit process.
As we have discussed, the use of
hamstring strength measures has
been incorporated by many
institutions as a metric for
measuring hamstring injury
potential. The vertical drop jump

test is another movement audit
that has found its way into the
battery of pre-participation
screens for ACL injury potential,
for example.
The ease of use of such tests is
perhaps one of the reasons why
they are desirable to measure so
many metrics. This, in turn, spurs
the development of commercial
models that aim to make the
process of auditing multiple
movements a more simple,
objective process.
These models are now
commonplace within clinical and
performance settings and are
implemented as a strategy to
mitigate injury risk. Although it is
beyond the scope of this eBook to
discuss each of the various screens
that are in current use, it would be
pertinent to address some of the
commonalities of these screens/
assessments, while also detailing
some of their shortcomings.
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Chapter 2 - A Historical Perspective
It is diﬃcult to say when movement screening as a method of
assessing movement competency first appeared within the
performance realm. It is known that early work within the
various medical specialties seemed to set the stage for the use of
joint movement as a foundation for screening “dysfunction”.
For instance, the foundational work within the field of orthopedic
medicine – especially that of Dr. James Cyriax in the 1950s –
catalyzed joint testing as a way to assess pathology related to
changes in macro anatomy. Early work was focused on isolating
single joints, with only a handful of tests available to evaluate
broader, multi-joint, systems of the body.
As the specialty continued to evolve, multiple tests started to
emerge such that clinicians could use a functional testing battery
to determine joint and tissue pathology. With this, it became
easier to identify which orthopedic tests could be grouped
together so that sensitivity and specificity would be more precise.
As a result, clinical prediction rules started to emerge.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Even with the increase in
reliability, testing remained
joint specific and passive in
nature. However, as our
understanding of joint
linkages increased, more
dynamic tests became
available. Interestingly
enough, a lot of these tests
replicated what strength
coaches at the time were
utilizing in the weight room.
This led to a paradigm shift
within the strength and
conditioning community with
coaches becoming more
interested in what the sports
medicine community was
doing to diagnose injuries.
Before this period, screening
performed in the weight room
was biased towards
performance metrics. It
wouldn’t be uncommon to see
repetition maximum, jump, or
speed testing as part of the
standard testing battery. With
that, very little, if anything,

was done to screen the
readiness of athletes other
than pre-participation
physicals.
It wouldn’t be until the early
90’s when this started to
change as the clinical world
began to cross-pollinate with
the performance realm. What
would emerge from this
collaboration would form the
foundation of the movement
screening we see today.

Enter the Modern
Age of Screening.
The past decade has seen a
plethora of screening and
auditing methods being
utilized in high-performance
sport and sports medicine.
These screens range from the
use of mandatory preparticipation screens to
various movement audits in
an attempt to mitigate injury
risk.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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The screening processes in use today have no doubt become
more involved, with strict scoring rubrics often utilized to rate
and rank movement competencies or dysfunctions. What
naturally followed from this objective process was the
emergence of specific interventions to correct disorders noted
during the screening process.

A substantial amount of time has passed since screens were first
implemented and as such the magnitude of data collected has
allowed for population norms and sport-specific cutoﬀ values to
be created. This, in a sense, allows for a more individualized
approach to screening for dysfunction.
Although we would not argue over the value of screening
athletes, the auditing process that accompanies some screens
has come under scrutiny from multiple sources. This may stem
from the fact that many screens have been developed for the sole
purpose of attempting to predict injury potential.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Chapter 3 - Injury Prediction Screening
For a screen to be well founded, its scoring criteria needs to have cut oﬀ
values which have a degree of reliability and validity. This is in
addition to scoring outcomes that are dichotomous, (i.e., the athlete
either has or does not have a propensity for injury). Also, once a cut oﬀ
value has been determined in a cohort of athletes, it needs to undergo
further testing – within a diﬀerent cohort of athletes – to assess not only
if there is a correlation between the test and injury, but also how well it
can predict who gets injured.
Dr. Ramogida discusses the Living Movement Screen (LMS),
performance, and injury risk :

“We know that, as stated by Weyand and Clark, when we put the
biology and physics together, there is really only one way to run fast.
This is a bit of an overgeneralization, however the premise is that as
our anatomy (across individual athletes) is more similar than not, the
kinetic and kinematic strategies converge to a common model.
Why would this occur?
It occurs because every athlete, given similar anthropomorphic
characteristics has to overcome gravity. If a model exists, it is because
it oﬀers the organism the most energy eﬃcient means to accomplish
the goals of running fast. We know that when we move outside of the
model, we will become less eﬃcient (ie. we must expend more energy
to accomplish the same task).

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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The loss of eﬃciency means
there are energy leaks. Energy
leaks are events such as striking
in front of the center of mass
and/or high backside mechanics
in sprinting. All of these energy
leaks place the anatomy in a
disadvantaged position, and thus
increased stress will be imparted
on particular structures.
Over time the repeated increased
load to a particular area will
conceivably lead to injury. This is
the holy grail in research – it’s
where everyone is working to
illustrate.
We know that elite performance
has a general characteristic
model; this has been shown
clearly by the evidence. I think it
is safe to say that the research
will catch up, it’s just more
diﬃcult to show direct cause and
eﬀect in a dynamic, complex
system like the human body.
We know that in an injured state,
variability of movement is

significantly reduced. Thus more
stresses are imparted on the
particular injured tissue.
What we haven’t been able to
show is what happened first, the
lack of variability leading to
injury or the injury causing the
reduction in the available
movement strategies. We can
surmise that it is more likely the
former – that as the possible
number of solutions to a
movement challenge diminish,
and one pattern becomes the
only available, those tissues
become stressed, inflamed, cause
pain, muscular inhibition &
injury ultimately results.
If this assumption is correct, it is
our belief that using the ALTIS
LMS daily provides us an
opportunity to recognize
ineﬃcient movement patterns
and thus an opportunity to
reduce the occurrence of injury.
What one should recognize is
that improving movement
mechanics thus serves the dual

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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purpose of improving performance and additionally aids in injury
prevention.
If our assumption is correct regarding ineﬃcient movement leading
to increased stress and ultimately injury then the daily use of the LMS
should allow us to recognize these risk factors and prevent injury.”

– GERRY RAMOGIDA

The basis for much of the work done around injury prediction has relied
on identifying risk factors – conditions that increase the potential for an
injury to occur. From here, these conditions can be placed into one of two
categories – modifiable, and non-modifiable risk factors.
Those of which are modifiable have the propensity for change, and can
include acute/chronic training load or biomechanical faults in
movement. Conversely, non-modifiable risk factors are conditions that
cannot be changed, such as biological age or previous injury.
Many screening systems look to identify modifiable risk factors and,
through specific interventions, reduce these factors as a means to
minimize injury potential. Where these types of screens are limited,
however, are in their ability to identify non-modifiable risk factors,
which also play a role in injury potential.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Ultimately, for screening to have value within high-performance sport it
needs to be readily accessible such that coaches can collect data on
multiple occasions. With this in mind, the following generalizations can
be made regarding movement screening:

1.

A pre-participation screen is of benefit as it allows the
medical staﬀ an opportunity to provide support before

commencing training.

2.

3.

4.

Screening must frequently be repeated, rather than only
being captured at certain times of a training year, as a means
to identify the eﬃcacy of any interventions.

There should be a level of specificity which is both reliable
and valid such that the testing properties could be used
across athlete populations.

Although test results should be dichotomous in nature, there
is still a place for results that fall along a continuum as these
are representative of movement variability.

From the above, it seems as if the screening process is best served as a
continuous and vigilant monitoring process, rather than a single
snapshot in time of an athlete’s movement literacy.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Chapter 4 - The ‘Sequence of
Prediction’ Model
Over the course of the last decade, sports injury
research has grown in exponential numbers. With a
tremendous amount of time and money thrown at
sports medicine in general – and more specifically,
the ‘Holy Grail’ of injury prediction – as well as the
multiple consensus statements and best-practice
guidelines that have been published, it would seem
that the injury epidemic is being appropriately
addressed.
But the reality seems to be very diﬀerent.
The eﬀectiveness of what has been published to date
remains inconsistent with what is being reported
from an applied standpoint (Bekker & Clark, 2016,
Bolling et al., 2018).
Why the disconnect?
One possible reason may lie within the models being
used to study the injury epidemic.
One of the most utilized research models in sports
injury research is known as the “sequence of
prevention model” (van Mechelen et al., 1992).

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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The model attempts to rectify injury incidence by first reducing the
problem as a whole, and then determining the eﬃcacy of the proposed
treatment approaches (Bekker & Clark). The stages in the model, as
reported by Bekker & Clark, consist of the following steps:

1.

Establish the extent of the problem

2.

Establish the etiology and extent of the injury

3.

Introduce preventative measures

4.

Assess intervention eﬀectiveness by repeating stage

Much like the work of Koch, the sequential nature of this approach
biases it toward a reductionist model, and thus classifies it as a simple
approach to problem-solving.
Again – not necessarily a bad thing per se – but we must accept the
limitations of such thinking.
The intent of the sequence of prevention model is to understand the
eﬃcacy of a specific prevention and as such, provide a binary
conclusion: was the intervention successful or unsuccessful?

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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This provides limited, if any,
information as to whether an
intervention is actually eﬀective.
Likewise, no context is given as to
why a particular intervention was
successful or, more importantly,
why it failed.
This ultimately does very little for
the sports medicine field as a
whole, as the focus remains on
determining simple cause and
eﬀect relationships rather than
understanding how complex
relationships form and contribute
to the incidence rate of injuries.
Furthermore, without
acknowledging the complexity
within injury surveillance,
therapists and coaches alike are
provided little information as to
what interventions work for
whom, why they work, when they

will work, and how this can
inform their practice going
forward.
It has been recommended that
researchers move away from
simple causality, and instead
take into account how
interventions interact,
influence and interplay within
individuals and populations
alike (Bekker & Clark, 2016). In
order to provide therapists with
this context, a move away from the
reductionist view of the sequence
of prevention model needs to
occur on a global scale – in
essence, embracing complexity as
a component of injury prevention.
Below, Dr Ramogida explains how
the Seattle Seahawks incorporate
many measures to gain
perspective on an injury.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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“Within the Seahawks organization, multiple data points regarding an
athlete’s current state are constantly being measured, evaluated and
observed in totality. Self-reported answers to rate current feelings of
soreness, perceived quality of last nights sleep, perceived diﬃculty of
the previous practice (as well as the coaches rated perception as to how
diﬃcult the practice should have been), sleep data, rep counts from
each practice (as well as the ongoing trends in numbers of reps for
each player on an ongoing basis) are collected and evaluated.
All of this is combined with GPS data to get a sense of the total body
load individuals are experiencing. Determinations as to what
statistically significant changes are for each individual within the
various metrics must also be understood. The quality of the data is
only one part, the understanding of it as it applies to a specific
individual is essential to then make informed decisions around
training. A single data point does not give much information. A series
of data points evaluating a number of diﬀerent systems over time
allows the recognition of trends to which action can be taken.”

– GERRY RAMOGIDA

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Multiple recommendations have been suggested to the sequence of
prevention model, in an attempt to recognize the value and importance of
a complex approach to injury mitigation.
To date, researchers have attempted to make slight iterations on each step
of the model, while also adding two additional steps. It is vital that we
understand how each recommendation will not only aﬀect injury
surveillance, but prognosis, and therapeutic management as well.
In so doing, a robust approach to therapeutic intervention can be made.
Revisiting each step of the model, the initial description of each step will
be described and followed with modifications such that a more realistic,
complex approach can be undertaken.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Chapter 5 - The Extent Of The Problem
For a complex approach to be adopted as a whole, it is critical for the
context surrounding an injury to be discussed alongside the nature of
the injury. Traditionally, researchers have employed epidemiological
measures in the first step of the sequence of prevention model, such that
determining the magnitude of a particular injury is the primary
objective (Bolling et al., 2018).
These factors may include:
Point prevalence
Incidence rate
Man-hours lost due to injury, and-or
The severity of an injury expressed along some graded continuum

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Regardless of which of these factors are utilized, their use is a means to
an end – i.e., ‘determination of which injuries are likely to have a high
prevalence and determination of the etiology’. Although there is no
doubt of the importance of understanding the type and incidence of
injuries, the value of contextual determinants of injury prevalence
should be better respected and understood.
Individual response to load and adaptation has been extensively studied.
One important concept that has emerged is the idea of categorizing
athletes into responders and non-responders.

“When exposed to the same type and amount of load, some individuals
will adapt favorably, others will adapt negatively, while others still
will have very little reaction at all.”

– DAN PFAFF

In their 2015 paper, Atkinson & Batterham scrutinized some of the
methods that were traditionally used to report responders and nonresponders. Their findings suggest that there are specific, random
variations that occur within individuals that can skew those classified as
being non-responders to responders, or vice versa. What is especially
interesting from these findings is the fact that even simple tasks, such as
the categorization of elements into one of two groups can be dependent
upon multiple factors – and thus the context in these situations matter.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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The same is true when it comes to injury prediction.
From a biomedical standpoint, injuries can be classified into the
type and amount of tissue damage occurring.
For instance, hamstring pathology can be categorized into varying
grades of muscle damage, varying stages of tendinopathic change,
or varying types of neurodynamic changes, to name only a few.
From this stance, it would seem that injuries that have a similar
onset, clinical diagnosis, and prognosis would then be expected to
have similar preventative and curative measures. However, from
practical experience, we know this not to be the case.
A needs analysis conducted on a sprinter, a basketball player, and
a gymnast would reveal that the demands of each athlete’s
respective sport will diﬀer significantly from the others. Is it
logical and appropriate that we apply a templated injury
surveillance program for all three?
Rather, perhaps we should first understand the context of the
injury at an individual level, and prior to developing solutions to
the injury problem, consider the demands being placed on the
athlete, the needs of the athlete, and the motivation of the athlete
(Bolling et al., 2018).
When therapists adopt a context-sensitive approach, a move
towards tailored strategies can be implemented in real-world,
applied settings, as opposed to merely mirror-templated
programs that may be logically eﬃcacious but lack real-world,
practical eﬀectiveness.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Chapter 6 - The Extent Of The Injury
Once the prevalence of an injury has been determined, understanding
the causative agent forms the next stage of the sequence of prevention
model. It is here where the pathomechanics of injury are generally
studied alongside known biomechanical and epidemiological data.
Likewise, a biomedical analysis often occurs to better understand the
type and extent of damage.
This process can be incredibly long as investigators attempt to
understand why injuries are occurring and ultimately determine what
the risk factors are for a higher likelihood of sustaining a particular
injury. Through no lack of eﬀort, it is often the case that research teams
will inevitably reduce the injury problem into isolated risk factors.
Confirmation of these risk factors through regression and correlative
analysis suggests that injury follows a linear pathway from the display of
a risk factor to the occurrence of an injury. As we know, however, this is
not the case in reality. Despite best eﬀorts, injury surveillance still has a
limited ability to identify predictive factors (Bittencourt et al., 2016).

“To truly understand injury mechanisms and preventative measures,
a multifactorial approach, addressing not only the inciting injury
mechanism but also the internal and external risk factors, needs to
be utilized.”

– DR GERRY RAMOGIDA

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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To address the issue of reductionism in injury surveillance, a broader
scope is required to identify the complex nature of injury prediction.
Meeuwisse et al. (2007) were amongst the first to identify a recursive
model of injury risk via a non-linear model. The group proposed the idea
of recurrent changes in susceptibility to a specific injury via the
dynamic interactions and adaptations of risk factors over the course of
time. They suggested that injury risk factors were not solely static
identities, but instead were able to adapt and change as an athlete’s
ecosystem changes over the course of any given period.
This would then allow multiple risk factors to be identified through
pattern recognition over time.
Although this was undoubtedly a step in the right direction, the model
was not able to identify all of the confounding risk factors that
contribute to injury. In light of this, Bittencourt et al. (2016) expanded on
the work of Philippe & Mansi (1998) by demonstrating how a web of
determinants could rationalize the use of a complex systems approach to
injury.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Moving from an isolated injury risk model to one that included many
known causative agents, the web of determinants provides a
framework for context to be utilized in injury surveillance. This
provides insight into how risk factors can interact with each other and
form recursive loops. It also provides insight into how some risk factors
are closely correlated with injury at specific points in time (i.e., point
prevalence) yet may not be at others.
The determinants of an ACL injury, for example, may include:
Fatigue
Neuromuscular capability
Training load
Weakness
Architectural abnormalities
Unanticipated environmental events
Level of anxiety

In the same manner, ‘healthy’ movement is no diﬀerent; it is reliant upon
the complex interaction of a number of elements and systems, within a
complex ecosystem.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Potential determinants of ‘healthy’
movement quality include:
Current musculoskeletal health
Emotional and physiologic state
Training load
Threshold of eﬀort
Environmental factors
To further complicate the matter, the
relationships that form between these
determinants can produce emergent
properties (Bittencourt et al., 2016). These
emergent properties are yet another factor
that can lead to injury or provide
adaptations to prevent them. In this regard,
each part of the web of determinants may
contain intrinsic or extrinsic risk factors
that may result in comparable injury
outcomes (Bolling et al., 2018).
Finally, once risk factors have been
identified, interventions can be put into
place to help reduce the occurrence of
injury.

25
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Chapter 7 - Preventative Measures
Once an injury mechanism has been established, it follows that
preventative measures directed at modifying risk factors should be
implemented.
This often occurs through physical preparation methods aimed at
increasing load tolerance, while reducing overall system load. The
success of these interventions is often thought to be correlated with the
accuracy with which the biomechanical basis for the inciting event has
been determined.

Biomechanical faults have the potential to lead to a failure of tissue
structures due to either an abnormal load being placed on healthy tissue
(i.e., a failure of tensegrity structures) or a normal load being placed on
an aberrant, pathological tissue.
It is generally accepted that failures due to load tolerance are due to
internal risk factors (Bahr & Krosshaug, 2005).

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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On the surface, it may seem as if
addressing the mechanism of
injury through adjudicating
biomechanical faults will
appropriately mitigate injury risk.
However, in most circumstances,
this will only address internal risk
factors, which are related to load
disturbances.
With that, external risk factors are
often missed.
A more holistic approach would
be to not only address internal
and external risk factors, but to
seek understanding in the
interplay between them.
One such example is how behavior
can act as a confounder or eﬀect
modifier in risk factors and injury
risk.
Very little has been done to
incorporate behavioral analysis in
the determinants of injury risk.
McGlashan & Finch highlighted
this in their 2010 review, which
demonstrated that of the 100
papers reviewed, only 11 used

behavioral/social science theories
(Verhagan et al., 2010).
Again, looking at injury through a
systems lens reveals that behavior
is a determinant that can aﬀect the
utility of injury prevention
measures.
What is further interesting to the
Performance Therapist is the fact
this determinant does not solely
revolve around the athlete.
The behaviors of the coach,
teammates, therapists, and even
oﬃcials can be direct or indirect
risk factors for injury.
It is for this reason that behavioral
determinants should be
considered when developing
eﬀective strategies for injury
prevention.
Behavioral determinants can be
numerous in nature, but a
continuum can be utilized to help
understand the diﬀerent types. On
one end of this continuum would
be conscious, planned behavior,

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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and on the other end would be unconscious, automated behavior
(Verhagan et al., 2010).
Behavior in itself is complex and as such there are multiple determinants
that feed into which behavior is expressed. Conscious, planned behavior
can be thought of as planned reactions to certain events that are driven by
the intent to perform a specific behavior. The determinants that form
conscious behaviors could include immutable personal determinants
such as age, sex, or ethnicity; intrinsic cognitive determinants such as
belief, intention, or self-eﬃcacy; and external determinants such as
ecological dynamics or the physical environment (Verhagan et al., 2010).
Behavior could also be unconscious and automated; this is seen with
ingrained habits.
Some of these habits are beneficial as they preserve health, such as always
wearing a seatbelt in a car. Other habits could be seen as unhealthy, such
as needing to smoke after a meal. Nonetheless, there will be behaviors that
are habitual to athletes and thus can act as a risk factor for injury, which at
the very least should be identified.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD

28

SECTION 2 - INJURY PREDICTION AND THE RETURN TO PERFORMANCE

As mentioned, in addition to an athlete’s behaviors, the performance team
can also influence the ultimate behavior of an athlete.
The technical and tactical strategies employed by a coach can aﬀect how
an athlete will behave as much as how a therapist chooses to communicate
clinical findings to an athlete.
One question that we should better understand:

‘is behavior a risk factor for injury or does a
behavior increase the risk for injury?’

For example, athletes could have a behavioral bias in choosing not to wear
safety equipment. In the case where a blunt injury occurs in an area of the
body that would otherwise have some protective device to buttress force,
there would be a direct relationship to injury and behavior. In other cases,
behavior acts in indirect ways and as such, becomes a risk factor. As an
example, non-compliance of an athlete to following a rehabilitation
program following a significant injury increases the likelihood of
recurrence.
As has been seen with these examples, behavior will aﬀect the potential
for injury in some form; the degree to which this occurs is often based
upon the athlete’s attitude towards risk.

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD
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Along with competitiveness and motivation, the perception of risk can
significantly aﬀect injury prevention (Verhagan et al., 2010). As with
many other factors, this is organic, and thus can change over time. In a
broader sense, this is known as risk homeostasis and it represents the
level in which an athlete maintains their risk behavior at a level that is
perceived to be safe. Thus it is essential that these changes be accounted
for when injury prevention strategies are utilized.
For instance, there are many situations where a prophylactic device may
be prescribed for an athlete. This could be in response to an injury or a
requirement amongst professional sports organizations (e.g., mandatory
ankle taping).
Although there is debate on whether these devices work in the manner
they are purported to, it stands to reason that they will change an athlete’s
self-estimation of ability.
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Self-estimation of ability is linked to injury with the literature reporting
that injury is 4.5 times more likely to occur in those on the lower end of
the spectrum (Knotos, 2004).
Although it may seem as if a higher self-estimation of ability would then
be beneficial, it is important to remember that changes in risk
homeostasis in either direction can aﬀect injury prevalence.
An increased self-estimation of ability usually occurs when protective
measures undergo technological advances. The classic example of this
was the injury rate which occurred in American football after newly
designed helmets were introduced. Torg, et al. described a drastic drop in
head and neck injuries after the introduction of the new helmets.
However, serious spinal injury increased as a result. With an increased
sense of protection, athletes were more likely to take risks that otherwise
they would not have taken.
This again demonstrates the complex nature of injury prevention: even in
circumstances where serious injuries can be reduced, emergent
properties can create new injury distributions as a result.
How then do researchers and clinicians measure injury reduction in an
applied setting and how can they ensure that what has been suggested by
the research can apply to real-world settings?
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Chapter 8 - Assessing Effectiveness
In the traditional sequence of prevention model, once
interventional strategies have been determined, they are assessed
for their eﬃcacy.
This is generally done by implementing the intervention within a
group and then revisiting the initial step of the sequence, i.e.,
determining the extent of the problem under the now new
conditions. If injury numbers/type have indeed decreased, the
eﬃcacy of the intervention is said to be reliable.
In ideal research conditions, testing of an intervention would
occur through randomized trials amongst groups. However, this is
generally impractical at most competitive sporting levels.
Again, it is important to remember that as interventions are tested
in isolation, the research can only tell us what happens when an
injury risk is modified in a way that reduces or attenuates that
single particular risk factor.
As the removal or modification of risk factors happens in a
controlled manner, it is hard to predict how these same changes
would fair in an applied, real-world setting.
Thus, the controlled manner in which eﬃcacy is determined can
hamper the generalization of attained results in an actual
performance setting (Verhagan et al., 2010).
This is partially due to the lack of context that a controlled
environment supplies. Attempting to reduce the complexity of the
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system provides results that may
not be attainable in applied
settings and thus the sequence of
prevention model has been
suggested as to be nothing more
than a way to operationalize the
research process (Bolling et al.,
2018).
In response, Finch developed
the Translating Research into
Injury Prevention Practice –
TRIPP (2006).
To appreciate how context will
aﬀect intervention strategies,
Finch’s model was one of the first
to enhance the sequence of
prevention. During its inception,
the model looked to expand upon
and move past the second step of
the sequence of prevention model.
Although there is no doubt that
the etiology of injury is crucial for
understanding the determinants
of injury prevention,
understanding how the
implementation of interventional
measures aﬀects injury rates is
equally as important. Specifically,

Finch wanted to understand how
context would aﬀect
implementation and the transfer
of relative eﬃcacy to real-world
eﬀectiveness.
In the fifth step of the TRIPP
model, barriers to successful
implementation of interventional
measures are addressed in a realworld setting.
This is done through supplying
context surrounding
interventions such as
environmental, societal and
sports delivery factors (Finch and
Donaldson, 2009).
Of note here is the importance of
sports delivery factors.
The success or failure of injury
prevention measures can be
linked to the competency of
training staﬀ to implement such
measures. As such, it is important
for researchers to deliver content
in a manner that appreciates a
coaching audience. Furthermore,
it may be necessary to create
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educational resources to ensure implementation occurs as has been
attended. This process then feeds back into ecological studies, which help
to provide researchers with an understanding of implantation context.
Once complete, the fifth stage of the TRIPP model will feed back into the
fourth, understanding what works in ideal conditions. These two stages
then feed forward into the sixth and final step of the TRIPP model; where
injury prevention measures are tested for their eﬀectiveness in realworld situations – far removed from traditional controlled settings.
The information gathered through this model will produce the best
available evidence for these measures and – crucially – doesn’t try to
reduce injury complexity into its component parts.
Below, Dr Ramogida explains how he assesses intervention eﬀectiveness:
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“As with any therapeutic intervention, having an objective outcome
measure which indicates the success or failure of our eﬀorts is
important as it guides next steps. Within the Performance Therapy
model there are multiple indicators of success from change in the local
tissues or joint(s) (assessment and reassessment) to the re-observation
of the movement pattern.
One advantage of Performance Therapy is the principles dictated by
the Performance Trinity or Triad. Having a common understanding
amongst coach, athlete, and therapist as to the biomechanical model
the collective is working toward provides a three-person filter
through which movement can be observed, felt, and re-assessed to
determine if movement quality has in fact improved.
The athlete’s subjective input in regards to how they feel is also
important, particularly at the elite level where often kinesthetic
awareness and sensitivities to change are very acute. With today’s
technology it is very easy to do pre and post video analysis to evaluate
changes in gait.
Finally, in regards to performance, the clock does not lie. If
interventions were directed as a result of observations performed
while an athlete is performing, then pre and post measures of speed,
accuracy, distance, height, etc., can be easily evaluated both pre and
post intervention.”

– GERRY RAMOGIDA

W W W.ALT I S .W ORLD • @ ALT I S • #C ARRY T HES HI ELD

35

SECTION 2 - INJURY PREDICTION AND THE RETURN TO PERFORMANCE

Chapter 9 - Return To Performance
Within what we have defined as the ‘traditional’ rehabilitation approach, a
successful return to performance program will address an injury such
that function is restored at the tissue level. The primary objective here is
to ensure whatever component of the body has been injured can
withstand the capacity and tolerance needed to perform.
To accomplish this, rehab specialists will prescribe exercises that
progressively load the injured tissue. Successive stages of loading will be
preceded by an assessment to ensure the athlete is ready for this
progression. These progressions will eventually reach a state where
sport-specific movements will be introduced. In most instances, these will
include dynamic exercises, change of direction movements, and
plyometric training.
Although straightforward in its approach, the methodology discussed
above is not without shortcomings. Two such issues are the sole use of
time-lines to drive load progression, and the general lacking of
representative task utilized within the rehabilitation approach.
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Continuing to build oﬀ the latter, the standards used to progress
from one stage of rehab to the next, have very little to do with the
demands of the sport. Instead, they look solely at assessing the
structural compliance of a tissue structure, rather than movement
behavior in an environmental context.
For instance, if a valgus knee collapse is identified as an aberrant
(defined here as being atypical to an athlete) movement quality for a
postoperative ACL tear, the rehab specialist will often resort to
means to strengthen the knee in an attempt to reduce the risk of reinjury. Again, there is nothing inherently wrong with this
approach.
Next, to assess the degree of valgus movement, the drop jump test
may be utilized. Although this test may seem to be eﬃcacious in a
clinical setting, from a practical standpoint, it may not be useful in
identifying injury risk (Bahr, 2016). There are, in fact, a host of
reasons as to why the drop jump test may not be the most eﬀective
assessment for determining injury risk, but one of the most
important is how it engages perception and action.
When incorporating performance stimulation, it is essential
for the task goals to represent the environment in which these
goals are to be executed. Thus, performing a controlled task, such
as the drop jump test, will not be representative of the demands,
whether they be physical or cognitive, that an athlete would
experience in their actual performance environment.
Dr. Ramogida expands this concept:
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“To be successful in returning an athlete to sport, the criterium
through which readiness for progression is judged must be robust
enough and capture assessment of appropriate biomotor
(representative) tasks which are ultimately dictated as necessary by the
demands of the sport itself. A failure in designing appropriate
progression will ultimately expose an athlete to the risk of re-injury as
the necessary capacities for performance will not have been
appropriately accomplished.”

The patterns which emerge from these tasks are not enough to enhance
learning in a performance context (Davids et al., 2013). That is, they do not
provide representative learning to strengthen specific tasks needed in
their sport. The work of Wilson et al. (2008) furthers this point by
highlighting the fact that drills designed to replicate coordination
patterns in Triple Jumpers were not eﬀective.
This is not to say that emergent behaviors do not occur during the rehab
process; instead, it is to explain that they are not representative of the
specific needs of an athlete (Pinder et al., 2009). To address this,
representative task design should be incorporated into the overall
process. This is best done by designing evaluations predicated on the same
variables that control the perception-action couple with the performance
environment (Davids et al., 2013).
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Understanding the need for representative tasks within a return to
performance program, how tasks, or exercises, are progressed
poses another issue. This has traditionally been managed by
utilizing time-lines as a reference point of when to advance load or
exercise progression. Much like classic periodization models, a
timeline approach to rehab emphasizes the need for temporal
boundaries between elements in a program. This, of course, does
lead to issues of its own, such as the extent to which programs are
being individualized.
One of the main criticisms facing timeline-based return to play lies
in the applied knowledge gap that exist between research-driven
best practice and innovation derived from the experiential
knowledge of practitioners. Although there is certainly a need for
research strategies which augment return to performance
programs, adhering to a strict timeline based method fails to
adequately address individualization within programs.
This lack of individualization is far-reaching and doesn’t solely
represent a lack of exercise selection. Rather, the unique traits of an
athlete (such as tissue healing time, training age, previous injury,
time of year, sport played, etc.) fail to be recognized when strictly
adhering to time-based measures, which often bias local tissue
healing time. As such, it is no surprise that many within sport
performance/medicine have called into question such practice.
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Instead, a criteria-based return to play methodology has been
suggested as a suitable replacement. Progression throughout a
return to performance program is then based on individualized
criteria which include multiple domains unique to the athlete at
hand. In this sense, the context surrounding a given injury is
interlaced with the content needed to best address it. In doing so,
return to performance occurs when an athlete is truly prepared
to meet the demands of their sport with the same, or better,
abilities before being injured.
The specific criteria used to demarcate when progressions in load
should occur, or when to advance to a new stage in a return to
performance program, will ultimately be dependent on the
practitioners working with the athlete. To help illustrate what
this process could look like, we can model what return to
performance might look like for a field or court sport athlete
after acute muscle damage.
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In utilizing a criteria-based return to play performance model, it
is useful to address the stages an athlete’s care will follow and,
more importantly, who will be responsible for their care. In
general, an athlete can be expected to progress through four
unique stages during this process, but again, this can change
depending on the extent, type, and organization involved in the
return to performance model. Briefly, these stages can be
inclusive of:

1.

return of tissue health

2.

return to participation

3.

return to practice, and

4.

return to performance.

Likewise, it is paramount that the criteria used to progress an
athlete within a stage, or from one stage to another, be
standardized, individualized, clear and precise. To this end, it
may be useful for the practitioner to adopt, or modify, the
Strategic Assessment of Risk and Risk Tolerance (StARRT)
framework which assesses health risk, activity risk, and risk
tolerance (Shrier, 2015).
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The primary aim in the first stage
of a return to performance
program is to optimize tissue
healing after an acute injury. This
may, or may not, involve early
tissue mobilization in addition to
attempting to optimize
inflammation. It is important to
recognize that early inflammation
is an important aspect of acute
tissue healing and thus should not
be blunted all together (Hamilton
& Richard, 2013).
When developing a criteria of
when to progress from this stage, it
is best to assess the factors which
are known health risks. In the case
of muscle damage, this may
include activities, whether passive
or active, which may lead to

secondary muscle pathology
(myositis ossificans, DVT, swelling,
etc.).
Representative work during this
stage should look to address the
cognitive load an athlete will
experience during a competition.
As overall training load during
this phase will be relatively low,
this provides the a suitable time for
an athlete to develope cognitive
skills which may help in both their
recovery and game play.
Once an athlete can progress
through a protective phase, they
enter the return to participation
stage. This stage aims to
reintroduce loads and tasks which
are representative of the demands
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of sport. Developing criteria which respects health and activity
risk, it is often easier to begin this phase with rudimentary, yet
representative tasks.
One of the easiest tasks to introduce in this stage is the dribble
series, a sequence of variable endpoint running tasks which
represent a truncated version of sprinting. The dribble series, as
described in detail within the Performance Therapy Course, can
be modified to reduce both health and activity risk. This is done
by modulating the cadence in which the task is performed (i.e.
walking vs dynamic speed), the range of motion utilized in the
task (i.e. ankle, calf, or knee dribble) or the specific demands of
the sport which need to be addressed (i.e. acceleration vs upright
based scenarios).
Likewise, energy systems work can be prescribed, which again, is
representative of the physiological demands that an athlete may
encounter during specific game tasks. For instance, acceleration
work may be done on a bike with a lower than normal seat height
and for volumes and intensities resembling the typical
“acceleration rhythm of a game”. Likewise, maximum velocity
work on the bike may be done by utilizing a slightly higher than
normal seat height with volumes and intensities again
resembling what could be expected during a game. (Note: for this,
a needs analysis should be conducted) .
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The final two stages of the return to performance program will be full
integration into practice and then competitions. During this period,
health, task, and activity risk must be monitored at all times. As progress
through rehabilitations is rarely, if ever, linear in nature, due diligence is
required to ensure criteria here is being met. In fact, even with task and
health risk at minimum, it is not uncommon to have to revert back to the
previous stage as stabilization in motor programing has not yet occurred.
Representative tasks in this stage may include cognitive load placed on the
athlete by simulating game scenarios via competitive tasks. Again, it is
important to assess activity risk in these scenarios, as the internal load
has a propensity to increase as competitive environments may drive
greater eﬀort in task completion.
Once performance has stabilized during full integration to practice, the
athlete will progress to the competitive sphere. Again, due diligence is
needed here as the aim of this phase is for the athlete to return to
performance and not merely participation in games. A careful watch
should continue on the athlete to ensure they are in fact trending in a
direction where their performance is similar to pre-injury status.
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In Closing
While reductionist methods can be credited with
much of the advancement in our understanding
of injury and performance – we must never lose
sight of the complexity that gets lost within this
way of thinking.
Due to this complexity, the monitoring process
should become organic and able to blend
quantitative & qualitative biomechanics,
notational analysis, motor control and coach/
therapist input to gain a greater understanding
of an athlete’s day to day ecosystem.
And it all starts with observation.
Through critical observation we can begin to
understand the relationship between health and
performance. And when injuries do occur,
utilizing a ‘web of determinants’ approach can
help to define the multiple elements that are at
play and remind us of the importance of the
interactions between these elements.
Further, in opposition to a timeline-based
approach on the return to performance,
carefully constructed criterium can lead to a
more eﬃcient and appropriate progression
following injury.
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Performance Therapy Course
The ALTIS Performance Therapy Course will educate elite
performance coaches and medical practitioners alike through
an interactive digital course that can be accessed any time, any
where, and on any device.

Course Oﬀerings:
ALTIS AGORA Council Facebook group
Knowledge from the leading practitioners, coaches,
& therapists
Hours of exclusive video content
Learning checkpoint quizzes
Interactive guided learning material
ALTIS Certificate of Completion

Follow along for updates
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