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World-class preparation and rehabilitation of the injured athlete integrates best practice in
sports medicine and physical therapy with training and conditioning techniques based on
cutting-edge sports science. In this ground-breaking new book, leading sports injury and
rehabilitation professionals, strength and conditioning coaches, biomechanists and sport sci-
entists show how this integrated model works in practice across the full spectrum of athlete
care, from the prevention of sports injury to the assessment and treatment of injuries, and
the design and implementation of effective rehabilitation programmes. Crucially, in every
chapter, there is a sharp focus on return to performance, rather than just a return to play.

The book introduces evidence-based best practice in all the core functional and profes-
sional areas of sports injury prevention and management, including:

*  the performance framework for rehabilitation;

*  end-stage rehabilitation, testing and training for a return to performance;

*  performance frameworks for medical and injury screening;

*  the psychology of injury and rehabilitation;

*  developing core stability and flexibility;

* assessment of training and rehabilitation loads;

*  performance retraining of muscle, tendon and bone injuries;

*  recovery from training and rehabilitation;

* the influence of pain on performance;

e running, throwing and landing mechanics and their contribution to injury and
performance.

Every chapter is set up as a masterclass from world-leading practitioners from a range of
elite sports teams and is written to have real-world application. Chapters contain best prac-
tice protocols, procedures and specimen programmes designed for high performance, with
examples drawn from a wide range of individual and team sports.

No other book examines rehabilitation in such detail from a high-performance stand-
point, and therefore Sports Injury Prevention and Rehabilitation is essential reading for any course
In sports injury, sports therapy or sports medicine, and for any clinician, physical therapist,
coach or sport scientist working to prevent or rehabilitate sports injuries.

David Joyce is an athletic performance and rehabilitation specialist who has worked at the
highest levels of world sport and with multiple national, world and Olympic champions.
He holds masters degrees in both sports physiotherapy and strength and conditioning and



has worked at two Olympic Games as a physiotherapist and performance coach (with Team
Great Britain at the 2008 Olympics in Beijing and with Team China at the 2012 Olympics
in London). He has also worked in elite rugby (Western Force, Hull FC and Saracens) and
football (Blackburn Rovers and Galatasaray SK). He 1s the co-editor and key contributor
of High Performance Training for Sports, presents internationally on high-performance manage-
ment and injury rehabilitation, and lectures on the Masters of Strength and Conditioning
course at Edith Cowan University in Perth, Western Australia. David is currently the Head
of Athletic Performance at the Greater Western Sydney Giants in the Australian Football
League and lives in Sydney, Australia.

Dan Lewindon graduated with a BSc (Hons) in physiotherapy from Nottingham University
in 2000. He spent three years working in the National Health Service, gaining experience in
all aspects of physiotherapy, before seeking expertise in his chosen field of sports medicine.
Dan joined Northampton Saints RFC in 2003, working full time with the Senior Team and
progressing to the Lead role in 2008. He completed an MSc in sports medicine at Queen
Mary’s University of London in 2007 and a second MSc in exercise science (strength and
conditioning) at Edith Cowan University in Australia in 2011. Dan was appointed Physio-
therapist for the England Senior Rugby Team in 2009 and now works with them full time.
Dan is the co-editor of and key contributor of High Performance Training for Sports and through
his work has developed particular interest and expertise in lower limb and soft tissue injury
and rehabilitation. Dan has lectured internationally in injury screening, rehabilitation and
prevention strategies and lives in Market Harborough, England.
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Chapter |

Reconditioning

A performance-based response
to an injury

Bill Knowles

Introduction

For the past 25 years, I have been working with professional, world-class and Olympic-level
athletes in the field of Sports Reconditioning and Performance Training, This journey con-
tinues to explore the relationship between evidence-based medicine and experience-based
evidence. Even today, there continues to be a blend of the “art” and the “science” when
working with athletes.

The purpose of this chapter is to explore the cornerstones of a performance rehabilitation
model by considering the definitions and concepts we must consider when preparing our
athletes for a return to the highest level of function following injury.

Definitions

Throughout my career I have seen many medically led rehabilitation protocols designed for
elite athletes striving to return to the highest level of competition. We do need to understand,
however, that there 1s a big difference between protecting and restoring tissue health and
preparing the athlete for a return to competition.

If you are not qualified or experienced enough to design a performance training pro-
gram for a professional or world-class athlete pre-injury, how are you able to design a
performance training program or Return to Competition (RtC) strategy post-injury?

Rehabilitation 1s a medical or clinical model for treating individuals who may or may not be athletes.
Often, a surgeon will design and/or direct this protocol. With operations, the focus of the
protocol is on the surgery, wound healing and early stages of rehabilitation. They usually
emphasize protecting the peripheral lesion first, and then promote slow controlled motion
and activities of daily living. This continues for many months with the aim on “doing no
harm” to the repair. Eventually, basic athletic preparation is typically encouraged to begin
once biological healing time of the graft has advanced.

Just because biological healing has occurred, it does not mean the athlete is prepared
for performance.
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Figure |.1 Reconditioning — Performance-based and medically supported

Reconditioning is a performance-based model for training athletes following injury or surgery. It is
directed by the performance team and is medically supported. The program design begins
with the end goal in mind, which is a Return to Competition. We then design a progression
backward to the surgery/injury date. This process allows the performance team to address
all aspects of athletic development immediately post-injury or surgery to best prepare the
individual for the true demands of competition that lay ahead.

Returning to competition is easy; continuing to compete is more difficult.

Training around the injury

Reconditioning follows a functional path immediately post-injury and continues this pro-
gression until the athlete has returned to competition. We recognize that a serious injury
should be looked upon as a neurophysiologic dysfunction, not just a common peripheral
musculoskeletal injury. It is a peripheral injury, but with a central consequence. With this
in mind we must train the brain through movements, not just muscles, during all stages of
post-injury care. Most protocols that restrict active motion, like brace joints, assist motion
via continuous passive motion (CPM) machines or prevent loading are affecting the normal
patterning that an athlete needs in order to best prepare for higher quality training in the
weeks and months to come. For joint injuries, the best brace is neuromuscular control and
coordinated movement patterns. These can be developed early and often if the protocol
encourages doing so.
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It’s about the athlete, not the ‘specific’ injury

Rehab Focus Reconditioning Focus

Athlete
Athlete

Injured Body Part

Injured
Body Part

Figure 1.2 Training around the injury

Often, rehabilitation protocols are centred on what an athlete cannot do, as opposed to
what an athlete can do. While this is often a consequence of protecting the repair/injury,
these limitations can compromise the short- and long-term movement qualities of the athlete.
Unfortunately, rest is often the chosen form of protection, yet the short- and long-term neu-
romuscular inhibition that accompanies this approach may actually put the repair at greater
risk as the athlete progresses.

The reconditioning model also respects protecting the repair and maintaining joint
homeostasis but encourages more athletic ways to train the individual. Because recondition-
ing is performance-based, we prepare the athlete — we don’t just treat the injury. This is done
through coaching movements that occur in daily training for the athlete, albeit at the correct
intensity and load. This strategy maintains and/or restores coordinated movement patterns
that are essential for athletic success in the future. Whether the response is physiological,
psychological or both, the outcomes are excellent. The traditional medical model of reha-
bilitation, which focuses more on the injury, underestimates the total body healing response
that training familiar movements has on athletes.

The load compromised athlete

When an athlete injures a joint surface, ligament, muscle or tendon it is, to some degree, for-
ever compromised. With increased severity comes an increased challenge to keep the tissue
healthy over an athlete’s career. There is clear evidence that an anterior cruciate ligament
(ACL) injury leads to early onset osteoarthritis (OA) 5—15 years after injury, ‘aging’ the knee
roughly 30 years.! These degenerative changes can often exact a toll later in an athlete’s career.
For knee injuries, these changes are attributed in part to quadriceps weakness as a result of
arthrogenic muscle inhibition (AMI). AMI is an ongoing neural inhibition that prevents the
quadriceps from fully activating and is believed to result from pain, swelling, inflammation,
joint laxity and structural damage. Altered afferent information from the damaged knee joint
is believed to have both spinal and supraspinal pathways.? This ‘central consequence’ may
alter dynamic neuromuscular activation patterns that affect lower extremity kinematics and
kinetics leading to a negative change in load distribution across the knee joint.!
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Arthrogenic muscle inhibition occurs bilaterally after unilateral knee injury.!

For example a grade III medial collateral ligament injury can permanently retain laxity in
the absence of pain, swelling or decreased performance. Yet this new ‘biomechanical set-up’
(altered kinetics) with laxity on one side of a joint is not normal and may predispose the athlete
to other concerns down the line; especially in high-intensity multidirectional sports. These
bilateral concerns are OA, meniscal tears, ACL injury and poor power output via AMI.

Whilst research into AMI has traditionally been centred on the sequelae from knee injuries,
there 1s increasing interest in similar neuromuscular ‘depowering’ following muscle injuries.
Such acute neural responses can reduce muscle strength and endurance and alter agonist/
antagonist activity and coordination in both static and dynamic motor tasks.®

Being ‘load compromised’ means questioning whether the musculoskeletal injury and the
neurophysiological function of the athlete can successfully sustain the mechanical loads of
high-intensity training and competing over time. In the reconditioning model, once an LCA
(load compromised athlete), forever an LCA. Regardless of whether the tissue is considered
biologically ‘healed’ and functionally restored, accepting the athlete’s LCA status should
be a catalyst for designing the best Return to Competition and injury prevention program
possible. In high-performance sport, the reality is it is often easier to get an athlete back to
competition than it is to sustain them at this level. With this in mind, developing an athlete
sustainability program (ASP) is a critical part of reconditioning because it is a performance-
based model. On the contrary, most rehabilitation protocols dedicate very little time in this
area, as they are more interested in restoring general function often at the neglect of true
high-performance training.

Given that significant levels of AMI may still be present 18-33 months following knee joint
injuries,” the central tenet of an ASP is that an athlete’s reconditioning must continue well
after they return to competition. The reality 1s, after long-term injuries, we must continue to
implement strength, power and coordination training throughout the season, the year and
their career. In addition, LCAs cannot take more than two weeks off from strength training
or they risk a neuromuscular ‘switching-off” that can predispose them to re-injury.

Athletic development

As a performance-based model, reconditioning is identified more closely with the field of
Athletic Development than Sports Therapy. As an Athletic Development professional, I am
a part of a performance team whose goal is to train all components of athleticism to the level
required by the sport in which the athlete participates. The performance team is comprised
of the team physician, therapists, athletic development coaches, nutritionists, sport scientists,
performance psychologists and technical sport coaches.

In reconditioning, we need to appreciate that our job is to enhance athleticism, which is
the ability to perform athletic movements at optimal speed with precision, and efficiency.*
This means that reconditioning follows that same functional path immediately post injury
or following surgery until the athlete returns to competition. It is a path that explores what
an athlete can do as they begin their preparation for more advanced training. In order to
prepare for quality movements with precision and style, all treatment decisions following
injury greatly matter. If you brace a knee, for example, for 12 weeks following surgery, you
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can expect a conflict with achieving optimal speed with grace when it matters most. This
happens due to the altered mechanics that a brace inflicts on the athlete. But if you were to
progressively re-establish neuromuscular control to stabilise the knee (utilizing the body’s own
intrinsic ‘bracing’) with properly loaded sport-specific movement patterns, you may actually
improve the quality of speed in competition.

Following the progressive path that reconditioning advocates requires knowledge and
experience to understand the movements that transfer to sport performance. The specialist
involved in the reconditioning process must have the personality to ‘coach’ the athlete con-
sistently towards improved movement proficiency. The adage that ‘practice does not make
perfect; practice makes permanent,” should be apparent here. You must coach consistently
well or be prepared for compromised performance or potential re-injury in the future.

Injury should never interfere with an opportunity to train an athlete. We need to look at
ways to train around the injury. Unfortunately, most early and middle-stage rehabilitation
protocols are designed to protect the injury by preventing or limiting normal movement
patterns. Reconditioning takes an Athletic Development approach during this same stage by
encouraging normal movement patterns as soon as possible. This is done in creative ways
that protect the injury but always contribute towards re-establishing proper athletic patterns.
The brain is extremely plastic; thus every movement pattern that is imparted on the athlete
during a post-op period may affect performance. For example allowing an athlete to squat in
waist-to-chest-deep water following hip surgery offers a low load functional movement pat-
tern at the ankle, knee and hip that the brain recognizes as segmentally correct movements
without pain. This movement on land is often discouraged for many weeks for fear of harm-
ing the healing structures; thus it becomes about what you cannot do (as water is not discussed
as an option). I feel the less we move correctly, the more harm we may be doing — at many
different levels.

Preparation

In a performance-based retraining model, we view post-injury care as a preparation period
rather than a rehabilitation phase. This is a subtle but critical paradigm shift as we are pre-
paring the athlete for a return to competition, not just repairing the injury. The goal of the
preparation period is to return the athlete to the highest level of training within the shortest
period of time while respecting homeostasis, and then staying there for a significant period
of time to demonstrate sustainability. These qualities must be planned starting immediately
after injury or surgery to achieve high performance upon their return. Adaptive qualities take
time to develop and are dependent on fundamentally sound movement patterns. Too often
athletes have ‘adapted’ to the physician’s/therapist’s protocol over months; yet this protocol
often underestimates the true demands that team training or competition requires. This is an
example where the athlete is not “adaptable’ based on the program design and thus cannot
sustain high intensity efforts over time.

Return to competition phases

The end-stage goal of rehabilitation is commonly referred to as Return to Play (RTP). Yet in
performance training, that term is rarely used to describe a phase of preparation or training
in an annual plan. Most commonly we discuss training, rest-recovery, competition-competing and
performance-performing. The medical community has used the term Return to Play to broadly
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describe a final rehabilitation phase that represents skill training, team training, scrimmages,
games and/or competition. The RTP stage of a typical rehabilitation protocol usually designs
a less structured, under-developed plan to prepare the athlete for high-intensity competitive
training or games. This is not surprising, as it is not an area of expertise for traditionally
trained medically minded professionals.

The reconditioning model uses the term Return to Competition as it represents a more
realistic understanding of the demands that are about to be placed on the athlete. Competi-
tion 1s usually more intense and more demanding on the body than team training or play.
In most sports, injury and re-injury happen more often in competition than in training/
practice. Therefore, to earn the right to compete you must have progressed successfully
through a high-intensity preparation period over time to show your ability to sustain that
stress. An experienced athletic development coach who truly understands performance and
the demands a particular sport requires must develop this level of program design.

Build backwards: A performance team looks carefully at how the athlete physically
needs to look to be competitive and to reduce the risk of injury. It then strategically builds
backwards to address the post-injury and post-operative plan. This plan is developed with the
Medical Team, but not owned by one particular profession. For example there should be sig-
nificant contact time with the athletic development staff during all RtC stages. All professions
need to work in an interdisciplinary manner to ensure that the athlete is kept safe and healing
structures are protected, and that they are skilfully trained in all aspects of athletic competency.

Reconditioning programs are criteria-based, not protocol-driven. There should be no
steadfast timeline that controls the progression an athlete moves towards a return to training
and, ultimately, return to competition. Guidelines should be created to monitor homeostatic
responses to the weekly/monthly training, and biological healing should be respected and
monitored as indicated. Movement quality training, strength, coordination, speed and power
will address the neurophysiologic dysfunctions that occur with injury, but they must be devel-
oped early and often throughout the program. Ultimately, consistent Performance Team
reviews will determine an athlete’s preparedness for the next level of reconditioning. This is
very important to avoid detrimental phases (down-time) in a program where athletes are not
allowed to progress at a rate necessary to keep them safe and promote performance.

Performance Model

Return to
Team Training

Reconditiq

Figure 1.3 Build backwards from Return to Competition to injury
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Case example: Limitations of the ‘traditional’ model
in ACL rehabilitation

Traditional rehabilitation protocols do not satisfactorily develop the lower extremity
strength required to effectively protect the knee and enhance performance. For mul-
tidirectional sports, athletes must sufficiently develop their fast-twitch, Type II mus-
cles. These are responsible for high-intensity force production, stabilization and force
reduction.

Knee joint injuries negatively affect neuromuscular control (AMI) of the lower
extremity and specifically affect Type II fast-twitch muscle. The exercises used to best
develop this Type II neurophysiological profile are often contra-indicated for 3—5
months to protect the healing graft (such as heavy resistance training, plyometrics,
sprinting, fast-eccentric and concentric training). While strength training is encour-
aged during this time (0—5 months), it is still underestimating what will be required to
best protect the knee in competition. Moderate intensity functional exercises (targeting
Type I muscle) often predominate the rehabilitation protocol.

High-intensity ‘sport-specific’ training is usually indicated by months 56 post-op.
This usually involves sprinting, cutting, technical sport skills and other plyometric train-
ing. Following this, athletes are typically cleared to ‘Return to Play’ at 6 months post-op
after spending the least amount of time training the muscle fibre types (Type II) that
contribute the most to protecting the knee under high stress. The Return to Competi-
tion program would not allow an athlete to return to team training following ACL
surgery without multiple months of progressive Type II activation training as part of
an overall plan of reconditioning, A qualified athletic development professional makes
decisions from a preparation and performance perspective, not a timeline based on
biological healing:

Multidimensional speed and agility

Another very generic rehabilitation term is the return to running program. From a Recon-
ditioning perspective for multidirectional athletes, we tend to avoid the use of the terms
‘running’ or ‘jogging’. It is preferable to speak in terms of acceleration, deceleration, stabili-
zation and change of direction. This approach is called multidimensional speed and agility,
or MDSA.* Most rehabilitation protocols use return to running as an indicator of func-
tional restoration midway through a return to sport progression. This imparts a false sense of
security for the athlete, as basic linear running requires very little strength and coordinative
abilities. Yet the athlete feels a connection to function that clouds their vision of the essential
athletic qualities that are still required to perform at a high level. Typically, this quickly leads
towards sport-specific physical and technical skills that continue in the absence of the neces-
sary strength and coordination required for deceleration and change of direction actions,
thus potentially predisposing the athlete to re-injury or poor performance.

A performance-based model understands that injury most often occurs during decel-
eration actions. Thus the Performance Team should focus on the complex movements of
MDSA. Since perception, decision-making and speed in change of direction are critical fac-
tors in the performance of agility tasks, it 1s helpful to think of agility as having both motor
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and cognitive components.* This must be trained at progressive levels throughout the entire
Reconditioning Program. It cannot wait until the often-prescribed final phase of the ‘reha-
bilitation program’.

If you can’t slow it down, don’t speed it up

This is a basic message to stress the importance of delaying running until the athlete estab-
lishes significant strength to support change of direction and stopping. My experience is that,
after injury, acceleration and other forms of force production are much easier to express than
deceleration. This is why I support MDSA versus the Return to Running Program for most
athletes. MDSA can be implemented early and often in the Reconditioning Program at low
intensity where it represents technical training only. In fact, the early post-operative phase
1s a perfect time to introduce basic running mechanics as static or slow images of the whole
movement that is coming in the very near future. These static images become dynamic over
time but require a foundation of coordination and strength to protect the athlete.

Summary

If a professional athlete is following the same post-injury program for the first three months
that an average adult would follow for the same injury, then the concept of ‘sports reha-
bilitation’ is greatly misunderstood by the practitioner designing and/or implementing such
protocol. We must continue to advance the quality of post-injury protocols for athletes by
having discussions and sharing experiences with the orthopaedic community as they can sig-
nificantly influence the path reconditioning can follow. By ensuring we operate as an interdis-
ciplinary team, whereby performance coaches are involved in the decision making processes,
along with medical professionals, we may further understand that full athletic preparedness
1s not a given just because the peripheral musculoskeletal injury was repaired.
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2 Rice, D. A., and McNair, P. J. (2010). Quadriceps arthrogenic muscle inhibition: Neural mechanisms
and treatment perspectives. Seminars in Arthritis and Rheumatism, 40(3), 250—266.

3 Fyfe, ]. J., Opar, D., Williams, M. J., and Shield, A. J. (2013). The role of neuromuscular inhibition in
hamstring strain injury recurrence. Journal of Electromyography and Kinesiology, 23(3), 523-30.

4 Gambetta, V. (2007). Athletic development: The art and science of functional sports conditioning. Champaign, IL:
Human Kinetics.



Chapter 2

Strength and conditioning in
injury prevention and
rehabilitation

Ben Rosenblatt

Introduction

Injuries occur as a consequence of fatigue, previous trauma, lack of physical preparation
and occasionally, bad luck. The strength and conditioning (S&C) coach not only has the
knowledge and insight to physically prepare athletes for competition, but also has the unique
position within an interdisciplinary team (IDT) to characterise the stress of training and
an athlete’s response to it. This has probably been best demonstrated by the work of Cor-
mack et al.,> who developed valid and reliable tools to quantify the stress of and the athlete’s
response to training,

The purpose of this chapter is to detail the specific role an S&C coach can play in the pre-
vention and rehabilitation of sports injuries. This will be achieved by introducing the concept
of injury risk and illustrating the role of the S&C coach by using examples from elite athletes.

Injury prevention

Injuries cannot be totally prevented, but the risk of injuries occurring can certainly be reduced.
Musculoskeletal trauma occurs as a consequence of tissue being placed under greater stress
that it can tolerate. Subsequently, the purpose of injury prevention is to:

1 Find methods of reducing the acute or chronic stress placed through a tissue; and/or
2 Increase the stress a tissue can tolerate prior to failure.

It is clear that certain tissues are more plastic in nature than others and can adapt to stress
placed through them. For example ligaments are far less plastic than muscle tissue. To reduce
the risk of injury to a ligament, one must reduce the stress placed through it. Equally, to
reduce the risk of injury to a muscle, we should seek to increase the stress it could tolerate by
Increasing its cross sectional area and force production/absorption qualities.

Reducing biomechanical stress on non-plastic structures

There are two methods of reducing the stress placed through the musculoskeletal system.
The first is to ensure that the movement patterns that the athlete is undertaking do not
place excessive force through structures that cannot tolerate it or are not particularly plastic
in nature. In order to achieve this, the S&C coach must have a thorough understanding of
both functional anatomy and clinical biomechanics. Whilst these two topics are not typical
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of the education of an S&C coach, they can certainly seek this knowledge from the medical
team supporting the athlete. For example, anterior cruciate ligament (ACL) injuries occur as
a consequence of excessive or rapid knee valgus. In order to reduce the risk of ACL injuries,
the S&C coach must prioritise exercises that reduce frontal or transverse plane forces through
the knee joint. Examples include stiff-leg kettle bell swings and single-leg landing drills with
no frontal or transverse plane motion of the pelvis, knee or foot.

Fatigue management

The second method of reducing stress in the musculoskeletal system is to manage the fatigue
an athlete is experiencing. Fatigue can reduce a muscle’s capacity to generate large, rapid
forces and reduce reaction times, concentration and joint proprioception. All of these factors
can reduce an athlete’s capacity to tolerate stress through specific structures in the musculo-
skeletal system. Subsequently, managing fatigue is a vital component of reducing injury risk.
As the S&C coach has the knowledge, insight and position within an IDT to modulate and
prescribe training volume and intensity, they are the best placed person to undertake this
vital role.

Planned variation of training load on a daily, weekly and monthly basis reduces the monot-
ony of training, which reduces the risk of injury and illness in athletes.® Probably more
important is to monitor each athlete’s psychological and physical response to training in
order to make sure that they are not competing in a fatigued state, and if they are training
in a fatigued state, they have appropriate periods of recovery to adapt to the overall training
stress. This 1s discussed in detail in chapter 31.

Fatigue 1s an important part of the training process, but it also increases the risk of injury.
The S&C coach must characterise the response to and load of training in order to determine
how fatigued an athlete is, the importance of this to the training process and what training
has taken place to achieve this state. Fatigue management will certainly reduce the stress
placed through the body and reduce injury risk.

Increasing tolerance

Whilst reducing stress going through the MSK system is one approach to injury risk reduc-
tion, it is important to realise that too great a reduction will result in insufficient adaptive
stress and decreased opportunity for technical improvement. As a consequence, we should
look to couple this approach with strategies to increase tissue tolerance. Tissue failure occurs
when the stress/strain placed through the structure exceeds its plastic region (exceeds its
capacity to adapt).

Itis possible to alter the amount of stress/strain a structure can tolerate by changing the length
of the tissue or its capacity to generate force. The nature of the change required is determined
by the most likely mechanism of injury. For example increasing stress tolerance by increasing
hamstring length may reduce hamstring injury risk in gymnasts who are required to operate
through large ranges of hip flexion with an extended knee. By the same token, increasing strain
tolerance by increasing hamstring strength may reduce hamstring injury risk in sprinters who
are not required to operate through extreme ranges of motion but do have to take high levels of
force through their hamstrings. As such, the interventions required that reduce the risk of ham-
string injury would differ between a sprinter and a gymnast, as they have different stress/strain
requirements of the hamstring and the likely mechanisms of injury are unique.



Strength and conditioning 13

There are several ways the S&C coach can reduce the risk of athletes getting injured.
Through movement-based training, the biomechanical load going through structures
which cannot tolerate them can be reduced. Fatigue can also be managed to reduce the
biomechanical stress going through the MSK system. Finally, the amount of stress the
MSK system can tolerate can be increased with appropriate training.

Injury risk model

In order to reduce the risk of injury to athletes, it is possible to establish injury risk models
and identify the interventions the S&C coach can put in place as part of a regular training
programme. The process is one of establishing the most common and severe injuries in the
athlete’s sport, identify the risk factors, determine appropriate measurement tools to repre-
sent the risk, identify criteria for athletes to meet and put interventions in place which are
representative of reducing the risk that each particular athlete faces.

Identifying risk factors

In order to identify risk factors, the mechanisms of injury must be fully understood. ACL
sprains occur as a consequence of the magnitude and rate of knee valgus whilst landing or
turning. Posterior shoulder impingements occur as a consequence of a decreased capacity
to decelerate the internal rotation of the humeral head whilst throwing or pushing. Lateral
ankle sprains occur due to the magnitude and rate of inversion during landing and turning.
To understand the risk of injury, the S&C coach must understand the mechanism. Once the
mechanism is understood, the risk can be identified. To reduce knee valgus during landing
or cutting activities, the medial hamstrings are required to rapidly and forcefully contract. To
decelerate the internal rotation of the humeral head whilst throwing, the external rotators of
the shoulder must rapidly and forcefully contract. To prevent the ankle inverting whilst land-
ing or turning, the ankle evertors must rapidly and forcefully contract at the appropriate time.

Establishing assessments

Assessments should directly reflect the physical characteristics which underpin the risk of
injury. Assessments must be used to determine which interventions each athlete requires.
One injury may have several risk factors, of which only one may be relevant to an athlete.
For example isokinetic assessment of eccentric external rotation could be used to determine
whether an athlete has the strength to decelerate the internal rotation of the humerus.

Identify criteria

Ciriteria should be developed based on either published data or sound reasoning, Foster®
identified that >6,000 AU of training and a monotony of >2.0 increases risk of injury and
illness. However, some athletes may regularly exceed the training volume. As such, in order to
manage fatigue to reduce injury risk, S&C coaches could ensure that training monotony does
not exceed 2.0 on a weekly basis. Equally, there 1s strong evidence to suggest that an eccentric
hamstring to concentric quadriceps ratio (during isokinetic knee flexion and extension) of less
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than 0.9 places an athlete at a high risk of ACL injury.! As such, one may choose to use this
criterion to determine whether an athlete requires greater eccentric hamstring strength. Ult-
mately, athlete-, sport- and injury-specific criteria must be identified in order to appropriately
determine who needs what.

Training interventions

Once the needs of an athlete have been established, the role of the S&C coach is to use
their knowledge of functional anatomy, the principles of training and their coaching skills
to coach training programmes which reduce an athlete’s risk of injury. As with any training
programme, after a sufficient period of time, the assessments should be re-taken to determine
the success of the training interventions.

Case study |: Reducing risk of lower back pain in an elite female hockey
team as part of a strength and conditioning performance programme

Due to prolonged periods in spinal flexion, large rotational forces through the spine,
a high running demand and a dense competition schedule (7 international matches in
11 days), female hockey players are at risk of developing lower back pain. To improve
physical performance in hockey, activities should focus on absorbing and generating
power through the lower body, developing a large aerobic capacity and improving
context-specific change of direction and sprint performance. The challenge is to
include activities to reduce risk of lower back pain without reducing the volume of
activities to improve hockey performance.

Lack of anti-extension capacity, anti-lateral flexion capacity and rotation control
were considered as risk factors, and assessments and criteria were established to mea-
sure these risk factors within the athlete group (Table 2.1). For the capacity assess-
ments, athletes were timed in the testing positions until technical failure. During the
control assessment, a qualitative assessment was employed. The athlete was instructed
to maintain a neutral posture and raise one arm above her head. If a technical error
was observed (e.g: thoracic flexion or a weight shift), a score was given to the athlete.
A score of zero represented no technical errors.

None of the squad reached the criteria, so a 10-station circuit of trunk exercises to
reduce the risk factors were employed. The circuit was employed twice per week at the
end of a gym session, and the numbers of sets and time per exercise were manipulated
on a daily basis to increase the total work duration over a four-week period (Figure 2.1).

Table 2.1 The risk factors, assessments and criteria utilised to determine whether an athlete
was at risk of lower back pain

Risk Factor Assessment Criteria
Anti-extension capacity Flexion hold Greater than 2.5min
Anti-lateral flexion capacity Side hold Greater than 2min

Rotation control Plank with arm raise Qualitative score of 0
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Figure 2.1 The weekly duration of trunk conditioning during the intervention period

Table 2.2 The results of the assessments pre- and post-training intervention. An effect size of
greater than |.2 represents a large change

Assessment Pre (n=20) Post (n=20) Effect size
Flexion hold (s) 130 140 0.22

Side hold (average of left and right) (s) 85 113 0.95
Plank with arm raise (compensations) 1.4 0.4 1.2

This took no longer than 12 minutes to deliver. To improve motor control, exercises
were utilised which required a knowledge of result with an external focus of attention’
(e.g. in a forward crawling plank with a foam roller across the back, if the foam roller fell
off, it indicated to the athlete that she had lost rotational control).

Table 2.2 clearly demonstrates that the short training intervention resulted in a large
improvement in rotation control and moderate improvement in capacity to resist lat-
eral flexion. The advantage of this training approach was that an intervention which
reduced risk of lower back pain was able to be utilised without encroaching on any
other time to be committed to improving physical performance.

Rehabilitation

When an athlete gets injured, the S&C coach has an essential role to play. Not only does the
S&C coach have the skill sets to change physical characteristics that reduce injury risk, but they
can also prepare an athlete for the increasing task demands of subsequent phases of rehabilita-
tion and use the time as an opportunity to make gains in physical performance in other areas.
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Criteria-driven approach

As with any other period of training, rehabilitation should begin with the end in mind. What
physical demands will be placed on the athlete when they return to training and competition
and what physical qualities do they need to display in order to tolerate those demands? With
these questions in mind, it is possible to put in place a bespoke rehabilitation strategy that
is driven by increasing task demands. The progression of activities through rehabilitation
should be determined by achievement of clear clinical or functional criteria. As discussed
earlier, the criteria should be driven by the risk factors of the specific injury. A criteria-driven
approach to rehabilitation has been shown to produce favourable outcomes and provide a
framework for the S&C coach to operate within during rehabilitation.’

Having a clear understanding of both the biomechanical and physiological demands of the
sport the athlete is returning to, and the mechanism of injury provides an end point for a rehabili-
tation programme. In order for an athlete to return to competition or training they must be able to
tolerate the biomechanical and physiological stress placed through the system. As detailed above,
this can be achieved by both increasing the capacity of structures to tolerate stress or reducing the
stress placed through a structure. Thus, the role of the S&C coach during rehabilitation is to train
an athlete to improve their ability to tolerate the physical demands of training and competition.

As detailed in the section on reducing injury risk, a sport-specific activity which has previ-
ously caused trauma will have several different risks associated with it. In a rehabilitation par-
adigm, these risks can be described as fundamental competencies for an athlete to achieve.
Each fundamental competency is determined by key physical characteristics. For example
inability to decelerate the internal rotation of the humerus whilst throwing may be a risk
factor for shoulder injuries. Subsequently, this is a fundamental competency for an athlete to
achieve prior to returning to throwing. The physical characteristics that underpin this com-
petence include eccentric strength of the external rotators, rate of force development of the
external rotators, maintenance of scapula-thoracic position and timing of external rotation
eccentric contraction. These characteristics can be independently assessed in order to deter-
mine which training interventions are required to rehabilitate an injured athlete’s shoulder.

A hierarchy of needs exists based on the biomechanical stress of the training interventions
on the injured structure. For example it would be inappropriate to start placing high forces
through a shoulder joint in order to improve strength if the athlete had inappropriate control
of their scapula. This would place greater stress through injured structures than it could toler-
ate and be detrimental to rehabilitation process. Thus, the stages of rehabilitation are deter-
mined by increasing biomechanical demand and specificity and the healing of the injured
structure. It is important that assessments are put in place that represent the underpinning
physical characteristics required to support a fundamental competence. Also, clear criteria
should be established within the assessments to determine whether the athlete has achieved
the competence to reduce that aspect of injury risk.

A hierarchical, criterion-driven approach to rehabilitation ensures that athletes can
achieve fundamental competencies which allow them to undertake activities of increasing
biomechanical demand and specificity. This approach is particularly appealing; as it provides
goals for athletes to strive for and ensures that athletes are capable of tolerating the biome-
chanical demand placed through their injured structure prior to returning to training and
competition. This also provides the S&C coach with a framework to apply their knowledge of
functional anatomy and the principles of training to put in place bespoke training interven-
tions, which will increase an athlete’s ability to tolerate the increased biomechanical demand
of returning to sport-specific activities and accelerate their rehabilitation.
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Case study 2: Increasing hamstring capacity, strength and rate of force
development during the rehabilitation of an ACL injury

A male handball player ruptured his hamstring 18 weeks prior to the Olympic Games.
To increase the chance of him competing, he decided to adopt a conservative strategy
instead of reconstructive surgery. As co-activation of the medial hamstrings reduces
the ACL stress by providing a posterior drawer on the tibia, it was decided that this
muscle function would be one of the targets of his rehabilitation. In order to determine
which exercises and loading regimes he required, a hierarchical assessment strategy
was utilised (Table 2.3). To determine whether he had the capacity to tolerate high
forces through this muscle group, a single leg hamstring bridge (knee flexed to 20°) was
used. To determine whether he was capable of tolerating large eccentric forces through
this muscle to protect the knee, an isokinetic assessment was undertaken. Finally, to
determine whether he had the pre-activation strategy and rate of force development
to protect his knee, the activation of his medial hamstring was recorded (using EMG)
20ms pre contact, on ground contact and at peak force during an unpredicted land
and cut onto a force plate. The assessments were hierarchical and he was not allowed
to undertake each assessment until he had passed the first one.

He initially held the hamstring bridge for only 35s. A continuous muscle condition-
ing circuit (Table 2.4) was utilised for three weeks, and the volume of work was manipu-
lated by changing the number of sets used per session (Figure 2.2). By week four he was
capable of holding the bridge for over two minutes.

Table 2.3 The risk factors,assessments and criteria utilised to determine which type of activities
the athlete should use to help him rehabilitate his ACL injury

Risk Factor Assessment Criteria

Load tolerance Single-leg hamstring bridge 2min

Eccentric strength Isokinetic Eccentric peak torque 30% >
concentric peak torque

Rate of force development EMG functional analysis Early activation of medial
hamstrings

Table 2.4 The hamstring conditioning circuit

Exercise Time
Single-leg bridge hold (short) (left) 30s
Single-leg bridge hold (short) (right) 30s
Single-leg bridge hold (long) (left) 30s
Single-leg bridge hold (long) (right) 30s
Bridge walkouts 30s
Single-leg Swiss ball hamstring curl (left) 30s

Single-leg Swiss ball hamstring curl (right) 30s
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Figure 2.2 The daily and weekly duration of hamstring muscle conditioning to improve medial
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Figure 2.3 The eccentric and concentric isokinetic torque velocity curve of the hamstrings of
the injured and non-injured legs

The isokinetic assessment was then undertaken and revealed that he was not capa-
ble of producing enough torque eccentrically to protect his knee (Figure 2.3). Subse-
quently, heavy strength training was utilised to induce muscle hypertrophy and reduce
the post-synaptic inhibition which had resulted in the eccentric strength deficit. Sumo
stance deadlifts, stiff-leg kettlebell swings and single-leg prone hamstring curls were all
utilised to target the deficit. In order to ensure full motor unit recruitment to stimulate
the adaptive process,® heavy loads and lower reps were utilised with the deadlifts and
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moderate loads to failure were used for the swings and single-leg curls. The athlete uti-
lised this strength regime three times per week for three weeks. The sets and reps were
manipulated within the week to facilitate training variety and to allow the athlete to
express maximal intent during each session. A week’s training is detailed in Table 2.5.

After three weeks of training, the athlete had reduced their strength deficit and the
functional assessment of rate of force development was undertaken. The graph in Fig-
ure 2.3 demonstrates that the athlete was not capable of recruiting his medial hamstring
on his injured side early enough or to the same magnitude as the non-injured side. In order
to reduce this deficit, work had to be done to increase the medial hamstrings’ rate force
development and early activation. Small amplitude multidirectional hopping was utilised
to develop pre-activity.® A hamstring bridge with foot on a box (knee flexed to 20°) with
rapid swinging of the opposite leg was utilised to develop the rate of force development of
the medial hamstrings. Although the volume of work appeared greater, due to the speed of
activity, the muscles were under tension for shorter periods of time but had to produce more
force more rapidly (Table 2.6). Only two weeks of training was required to increase the
magnitude of muscle activity 20ms pre-impact during an unanticipated cut (see Figure 2.4).

Table 2.5 The weekly strength training regime to increase muscle hypertrophy and reduce the
eccentric strength deficit

Day Exercise Notes Sets Reps Recovery

| Sumo Deadlift Superset (max load) 4 6 30s
Kettlebell swing 4 Max 3min
Prone hammy curl Injured only 4 Max 30s

2 Sumo Deadlift Superset 3 8 30s
Kettlebell swing 3 Max 3min
Prone hammy curl Injured only 3 Max 30s

3 Sumo Deadlift Superset — use Day | load 5 4 30s
Kettlebell swing 5 Max 3min
Prone hammy curl Injured only 4 Max 30s

Table 2.6 The weekly training regime to increase medial hamstring pre-activity and rate of force
development

Day Exercise Notes Sets Reps Recovery
| Single-leg hopping Random surfaces and obstacles, 4 12 2min
minimise contact times
Box bridge swings Heel on box, rapid swings 4 10 2min
2 Single-leg hopping Random surfaces and obstacles, 3 8 2min
minimise contact times
Box bridge swings Heel on box, rapid swings 3 8 2min
3 Single-leg hopping Random surfaces and obstacles, 5 10 2min

minimise contact times
Box bridge swings Heel on box, rapid swings 5 10 2min
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Figure 2.4 The magnitude of medial hamstring activity recorded 20ms pre contact (pre), at
contact (contact) and at peak force (peak) during an unpredicted cut from a 30cm
landing on the injured (gray) and non-injured (black) legs. Medial hamstring activity
was normalised to maximum recorded during a bilateral countermovement jump

Opportunity to develop competition performance

When an athlete gets injured, the S&C coach must have performance in mind. It is impera-
tive that athletes maintain whatever sport-specific training they can physically perform, and
other training modalities can be used to maintain physical qualities. Tools such as session
RPE to monitor training load can be utilised to ensure that athletes maintain total training
load and there is a stepwise progression back to sport-specific training to ensure they are not
over-reaching. Due to busy competition schedules and conflicting demands and pressures of
training, sometimes athletes never have an opportunity to truly develop physical qualities that
limit their performance.

The S&C coach can contribute to rehabilitation by working with the rest of the support
team to establish clear criteria for progression based on the biomechanical demand of
the activities the athlete needs to return to. They can then work with the team to put
in appropriate training interventions to ensure that the athlete meets these criteria.
Rehabilitation is also an excellent opportunity for the S&C coach to coach an athlete
to improve their physical performance.

Summary

The S&C coach is a vital member of the multidisciplinary team (MDT) for both reducing
risk of injury and rehabilitating an athlete to return to training and competition. Through
the identification of an injury risk model, S&C coaches can apply the principles of training
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to target interventions which will both reduce the stress placed through the MSK system or

increase its capacity to tolerate stress. Finally, rehabilitation provides the S&C coach with an

exciting opportunity to help athletes make gains that are not possible throughout the rest of

the competition calendar.
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Chapter 3

Psychology in injury prevention
and rehabilitation

Tig Calvert

Introduction

Psychology has a central role to play in successful rehabilitation and, indeed, has value in
the prevention of injury. Rather than the mind being separate from the body as was once
thought, modern science has shown a very different and much more interesting picture. The
psychology of the athlete 1s crucial in rehabilitation, as their emotions, beliefs and thoughts
all affect how their body responds to injury. The mind and body interact. It is because of this
intrinsic connection between the body and the mind that psychological techniques can be
used to support rehabilitation and can also be useful in helping athletes to be more robust
psychologically to reduce the risk of injury.

In relation to rehabilitation, sport psychology has traditionally focused on helping the
athlete adjust to injury, in adherence to rehabilitation, and in preparation for return to sport,
but without the specific remit to aid physical rehabilitation. Now, within a new paradigm,
rehabilitation psychology specifically aims to aid the physical healing and repair of the body
through psychological means, via the biological interaction between the mind and body.

The role of the rehabilitation psychologist is to help the athlete to develop and use their
psychological resources to aid effective healing and successful rehabilitation with the aim of
producing robust physical and psychological health in the athlete. This chapter describes the
scientific evidence showing the link between the psychology and the physiology of the athlete
in relation to rehabilitation following sport-related injury and presents a framework for the
psychologist within the rehabilitation team.

In practice there are various opportunities for psychological intervention to assist reha-
bilitation. However, it is important to recognise that psychology is not only the remit of the
psychologist but forms part of the natural relationship an athlete has with many members
of the team. How an athlete interacts and the attitude and relationships between coaches,
athletes, physiotherapists, doctors, strength and conditioning coaches, massage therapists and
nutritionists can help or hinder the psychological health of the athlete, as well as affecting the
athlete’s belief system which, as we see, 1s fundamental to successful rehabilitation.

Theoretical basis of rehabilitation psychology

Based on the theoretical knowledge from psychoneuroimmunology (PNI), the investiga-
tion of the pathways connecting the mind and the body, we have a greater understanding
of how both positive and negative states of mind can affect immune system responses and
repair of tissues. One of the ways the body and mind communicate 1s through the central
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nervous system, and this has particular relevance to how negative emotions and stress can
inhibit rehabilitation.

In the 1970s, Robert Ader, a psychologist and immunologist, showed that the mind and
body communicate with each other in a bidirectional flow of hormones, neurotransmitters
and cytokines (cells of the immune system).! The brain and immune system represent a
single, interactive system of defence. Thoughts, beliefs and emotions have neurochemical
consequences and have a direct effect on both the immune system and individual cells in the
body. Emotions and health interact. This interaction between crucial areas of the brain and
the immune responses of the body is governed by the hypothalamus. The hypothalamus, an
almond-shaped area deep within the brain, controls many of our everyday functions. It regu-
lates body temperature, hunger, thirst, sleep and libido, and has a role to play in emotions.

Through a feedback system called the hypothalamic-pituitary-adrenal (HPA) axis the
hypothalamus also controls the body’s response to stress. The HPA axis is extremely effec-
tive 1n situations of acute stress. However, in chronic, long-term stress it can fail to regulate
itself leading to an over-production of cortisol. This weakens the functioning of the immune
system. In chronic stress, pro-inflammatory cytokines are over-expressed and their anti-
inflammatory counterparts are down-regulated.?

The immune system does not just search and destroy pathogens; it also has a major role
in tissue regeneration and aiding recovery from injury. The immune system recognises and
eliminates cells or tissues damaged by injury, and therefore any weakness can inhibit reha-
bilitation. Marucha et al. showed that the healing of a mouth biopsy in dental students took
40 per cent longer during exams than during the summer break.? Critically, the production
of IL-1 mRNA, a mediator of the inflammatory response, altered by 68 per cent in the same
interval.

Clearly, stress can hinder the body’s ability to heal. In the case of athletes, the injury itself
is often a source of stress. Due to the detrimental physical result of stress on the immune
response, we could argue that psychological intervention during long-term rehabilitation
could be useful for all athletes. Identifying and assessing the levels of anxiety surrounding
Injury is important.

Often, athletes who appear on the surface to be coping well may have underlying
issues. All members of the team should therefore be aware of the importance of early
identification of anxiety and stress symptoms.

As well as producing ‘stress” hormones the hypothalamus also produces calming hor-
mones, such as oxytocin, to promote healing of the body. This leads us to examine whether
posttive psychological states can mitigate some of the negative consequences of stress and,
in addition, help the body to produce hormones that promote healing. Oxytocin is generally
associated with nurturing in females. However, it is produced in both males and females and
has a major role to play in successful rehabilitation. The main role of oxytocin in the body is
to effect growth and repair.*

Oxytocin creates a feeling of well-being, reduces experiences of pain and decreases anxiety.
Oxytocin levels increase when we do pleasurable things, have physical contact and are socia-
ble. If an athlete is isolated during rehabilitation, this can reduce the production of oxytocin



24 Tig Calvert

and inhibit the ability of their body to heal. Oxytocin can be increased with psychological
therapies, such as deep relaxation or hypnotherapy, and is one of the biological consequences
of sports massage. Oxytocin levels are also affected by the social environment. During reha-
bilitation it is important to create an environment for the athlete that not only decreases the
stress response but also enhances the likelihood of healing hormones such as oxytocin.

Social support has been shown to be pivotal and low levels of oxytocin have been shown
in people with little social support.>® It is therefore important to recognise that the
social environment that the athlete experiences is crucial to successful rehabilitation.

Suggestions to improve the social environment of the athlete include:

* Arrange regular interaction with the medical and rehabilitation team even at times
when no active therapy is appropriate;

*  Assign a non-injured teammate to liaise with the injured athlete to ensure that they still
feel included in the team and to keep up to date with day to day activities;

*  Encourage team activities that the injured athlete can still attend, including social
activities;

*  Encourage contact with other injured athletes in the same or different sports to provide
support and encouragement.

Thoughts and beliefs in rehabilitation

It is not only emotions that have a corresponding biological effect; other cognitions are impor-
tant too. Thoughts and, in particular, beliefs can have a physical effect on the body. This has
been studied extensively observing the placebo effect. The placebo effect, in which an inert
substance has a measurable effect on the physical body, is not only a good example of how the
mind and body interact, but also allows us to examine specific beliefs. Examination of the pla-
cebo effect reveals that biological changes occur in the body that mimic the actions of the actual
medication, and actual biological changes thus occur based on beliefs.” The placebo effect is
particularly strong in relation to pain relief, as pain signals are intrinsically linked to areas of the
brain that also respond to emotions. This is discussed in detail in chapter 17.

The nocebo effect, on the other hand, occurs when a patient who believes that a treatment
will cause harm experiences an adverse effect.? This is particularly relevant to rehabilitation.
It is important for athletes to hold positive beliefs regarding their treatment and the outcome.
The nocebo effect seems to stem from the hippocampus, and as a consequence, memory
is important.’ So too, therefore, is an athlete’s prior experience of injury treatment. If an
athlete is identified as having negative beliefs regarding recovery or treatment, psychological
intervention is especially warranted.

Examining how the placebo and nocebo effects occur highlights the psychological traits that
are relevant. Placebo effects depend on the functioning and efficiency of the reward system,
and individuals’ responses to placebos differ. Expectation, conditioning and beliefs are impor-
tant. Branded pills work better than generic. Because of previous experience affecting expecta-
tions, placebo prescribed four-times-a-day is more potent than twice-a-day, and injections are
more effective than tablets.” The stronger the expectation, the stronger the effect. Athletes base
their beliefs on prior experience and from interaction with the rehabilitation team.
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The language we use is important. For example referring to an injured leg as ‘the bad
leg’ can instil negative beliefs in the athlete unintentionally and affect the healing pro-
cess and the athlete’s perception of the injured area and levels of pain. Ensuring that
the athlete receives consistent, positive communication from all members of the team
1s important.

Application of theory in practice

Using the scientific basis of PNI and knowledge from placebo research we can develop thera-
peutic techniques with the intention of helping athletes influence their own natural healing
processes to enhance their rehabilitation.

Ideally, the psychologist would have the opportunity to assess the athlete as soon as pos-
sible post injury and work with the rehabilitation team throughout the rehabilitation process
regarding the needs and support requirements for the athlete depending on expected length
of rehabilitation.

The psychologist has a role to play in the acute stage post injury and prior to treatment.
The earlier the athlete can have help managing their anxiety post injury the better. Early
intervention can ensure that any psychological trauma encountered at the time of injury
can be alleviated before it creates biological effects that can hinder fast and efficient healing
Psychological intervention prior to surgery has also been shown to be effective in reducing
post-operative pain, level of pain medication required and length of hospital stay.!” One
study using a brief relaxation intervention reduced patient stress and improved collagen
deposition in surgical wounds leading to faster healing,!! This is particularly relevant in rela-
tion to highly anxious athletes.

Reducing anxiety in the injured athlete

Reducing anxiety, mediating the stress response and helping the athlete produce beneficial
physical responses during rehabilitation are the cornerstones of rehabilitation psychology.
Techniques such as deep relaxation or clinical hypnotherapy are particularly useful in helping
an athlete to achieve a state of parasympathetic dominance of their central nervous system.
This reduces the level of cortisol in the body and increases serotonin and oxytocin, thereby
providing the body with the optimum state for repair. In conjunction, helping the athlete to
produce healthy cognitions and expectations can support a robust psychological basis for
successful rehabilitation.

Psychological responses to injury include devastation, isolation, feeling cheated and rest-
lessness.!? In addition, many athletes experience an array of emotional responses, including
anger, regret, lack of control, which can lead to helplessness, and disappointment, which can
lead to despair. During the process of rehabilitation, athletes can also experience feelings
of 1solation and loneliness. Rehabilitation can also be hindered through lack of motivation,
feelings of apathy and, in some cases, denial.

These emotional states may result from the injury or may not. Some athletes fare well and
respond well to injury. Developing healthy expectations and a positive belief system can act
as a psychological buffer to stress and protect against the physical consequences of stress. As

well as reducing stress, positive psychology interventions (PPIs) such as learned optimism!'?
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can have psychological and physical benefits.!* Research has shown a relationship between
positive psychological well-being and health, even to the extent of longevity of life.!> Impor-
tantly, these attributes can be learned and developed.

The ABCDE method

The ABCDE method can help the athlete reassess their beliefs surrounding injury and reha-
bilitation.!'®* ABCDE (which refers to adversity, belief and consequence leading to disputation and
finally energisation) forms a way of helping the athlete re-evaluate their beliefs surrounding
the injury and enables the athlete to develop more optimistic coping strategies. Pessimistic
athletes tend to view their injury as more personal to them; they blame themselves and often
feel they are unlikely to recover and that there is little they can do about it. Helping athletes
develop a more optimistic coping style helps them to see that injuries are not personal, recov-
ery is possible and they can be proactive in their recovery.

Maintaining motivation

Lack of motivation is a common psychological sequela of injury, which can impact on reha-
bilitation. Motivation is governed by the neurotransmitter dopamine. Levels of dopamine
are dependent upon a feedback system, which may be disrupted through injury. Athletes
are often used to a strenuous training programme and an active lifestyle. The consequences
of a sudden halt to these activities can have a rebound effect on the normal production of
dopamine and serotonin, leading to low mood and lack of motivation. Dopamine levels can
be rebalanced through having goals which are positive and achievable, enabling the athlete to
build belief that they can recover.!” Rehabilitation can be a time of frustration for an athlete
concerned about losing their skills, fitness and confidence. Maintaining a positive, optimistic
outlook has biological and psychological effects that can help the process of rehabilitation.
Encourage the athlete to partake in other activities that increase dopamine levels, for example
competitive non-active pastimes or hobbies.

Identification of psychological ill health

Athletes can experience grief and symptoms of depression following career-threatening
injury. Indeed, in some instances, levels of depression following injury can be so severe'®
that athletes can become suicidal. Identifying symptoms of possible psychological disorders
requiring medical consultation is essential. Eating disorders may become more apparent dur-
ing periods of rehabilitation, and injury can also cause symptoms of post-traumatic stress
disorder (PTSD). Any concerns about clinical disorders should be discussed with the medical
team.

All members of the rehabilitation team should be aware of the following symptoms that
may be indicative of a clinical disorder.

Symptoms of depression include:

* carly morning wakefulness, insomnia or excessive sleepiness

*  appetite disturbances

*  mood changes

*  anhedonia, where the athlete no longer finds pleasure in activities that were once pleasurable.
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Symptoms of eating disorders include:

* mood changes

e nail, hair and skin changes

*  weight changes

e secretive eating

*  vomiting or use of laxatives
e over-concern about weight

*  Inaccurate self-perceptions.

Symptoms of PTSD include:

«  flashbacks
e nightmares
e anxiety.

Psychological intervention to support the medical team and, if appropriate, the nutritionist
is recommended.

However many issues are of a non-clinical level. An athlete may not show symptoms that
require clinical intervention but may have emotions that are preventing their body from heal-
ing effectively. During rehabilitation, psychological issues can hinder progress. It is important
for the psychologist to address these non-clinical issues and be trained in techniques to assist
non-clinical emotional disorders.

Two techniques which have been shown to be particularly helpful in clinical settings are
Eye Movement and Desensitisation and Reprocessing (EMDR!?) and Emotional Freedom
Technique (EFT?). These techniques are easy to learn and safe to use and can offer immedi-
ate and permanent relief from emotional issues that could hinder rehabilitation. EMDR has
a wealth of supporting research demonstrating its benefits in treating psychological trauma
and, in particular, PTSD. EFT is particularly useful during rehabilitation, as studies have
shown a decrease in cortisol levels following EFT with corresponding decrease in stress symp-
toms,?! implying that the technique has a generic effect on the central nervous system in a
similar way to meditation, deep relaxation or hypnosis. EFT can be useful in rehabilitation
psychology as a means of mitigating the effects of stress on the immune system, as well as
being effective at relieving immediate emotional issues.

Returning to sport

A review of concerns that athletes have about returning to sport following injury shows a
number of areas of anxiety concerning the ability to perform to pre-injury standards or the
standards of their teammates.?? Athletes can lose their identity as an athlete while injured and
face anxieties about suffering a subsequent injury when returning to sport. Fears and anxi-
eties lead to poor outcome and if identified can be reduced with psychological techniques.
Psychology throughout the rehabilitation process can aid a successful return to sport and
the prevention of further injury. During the period when an athlete is preparing to return
to sport, it is important to be innovative when designing activities, so that the returning ath-
lete can compete along with their teammates. Injured athletes often report learning a great
deal about themselves and their bodies through the process of rehabilitation. Encourage the



28 Tig Calvert

athlete to share this knowledge with teammates and allow their development and growth
through rehabilitation to be of benefit to all.

Prevention of injury

The mechanisms discussed in this chapter are not only applicable to an athlete once they
are injured, but are also important to the prevention of injury. Educating and assisting
athletes to control and regulate their own physiological response to stress is useful in the
prevention of injury, as well as giving them tools to aid with rehabilitation. Teaching deep
relaxation techniques to all athletes to enable their bodies to naturally produce a state con-
ducive to healing can prevent minor injuries from becoming more serious and make them
less susceptible to injury. One role of the psychologist is to help their athletes to become
psychologically robust to prevent injury. Research has demonstrated that athletes high in
hardiness are less prone to injury, and that hardiness can facilitate the rate and quality of
their recovery from injury.?®> What athletes experience prior to injury is important, and
there is a good level of evidence to support the argument that an athlete can have a psy-
chological vulnerability to injury.2*

Hardiness refers to the athlete’s ability to withstand difficulties and adversity and is a
concept well known in performance psychology. The aspects of hardiness that seem to affect
successful rehabilitation are confidence and optimism. Using techniques such as the ABCDE
technique and other PPI interventions can help athletes to develop a robust defence against
the psychological effects that can lead to a vulnerability to injury.

Psychological health

Below is a suggested programme designed to help athletes attain a psychological state con-
ducive to good psychological health and in the prevention of injury. The programme can
be conducted as a two-day workshop or as a weekly session over a 6-week period. The pro-
gramme can be used to include all members of the team including support staff and coaches
and could be conducted across sports or within a team.

The three cornerstones of the programme are education in how the body and mind inter-
act, relaxation and positive psychology tasks. Participants are encouraged to keep a positive
psychology diary where they can record the completion of their tasks. These are personal
reflections and should remain confidential. Positive psychology tasks have been shown to help
produce positive emotions and develop optimism.

These include:

*  designing a vision board to express desires and goals;

*  expressing gratitude, recording three things they are grateful for in their daily diary;

*  practising kindness, such as opening doors, smiling and chatting with people they meet,
going out of their way to be helpful if a situation arises;

* increasing and becoming aware of ‘flow’, where the athlete is fully emerged in an
activity;

*  challenge negative beliefs with the ABCDE method.

Through our knowledge of psychoneuroimmunology and the development of positive
psychology interventions we can ensure that athletes develop strong psychological health and
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corresponding physical well-being. It is important that we use this knowledge in an area like
sport where the health of the athlete is paramount to sporting success.

Summary

Recognising the links between the mind and the body has enabled research to ascertain that
negative states — 1.e. anger, hostility, anxiety and stress — can hinder physical recovery, and
that positive psychological states can encourage physical recovery. In addition, specific beliefs,
expectations and conditioning are also important. This knowledge can help rehabilitation
psychologists to focus on helping athletes to form psychologically healthy emotional states,
beliefs and cognitions to aid rather than hinder their rehabilitation.

Rehabilitation psychology, based on the theoretical basis of psychoneuroimmunology, uses
psychological techniques to enhance the athlete’s ability to repair following injury. Each ath-
lete has facets to their psychological make-up that can be harnessed to benefit their recovery.
Utilising these aspects can also be beneficial in preventing injury, by decreasing the risk, and
in successful rehabilitation following injury. Sport is leading the way in integrating new scien-
tific knowledge into practical application to the benefit of athletes.

The five key things every injury specialist should consider:

*  Maintaining a positive, trusting environment is beneficial in prevention of injury and
successful rehabilitation following injury.

* If an athlete is psychologically stressed, their body is more vulnerable to injury — keep an
eye on their mental as well as physical health.

*  Sleep and nutrition are essential to injury prevention and successful rehabilitation. They
are both intrinsically linked to the immune system through the hypothalamus and are
excellent markers of good physical and psychological health.

*  Isolation and loneliness are common during rehabilitation. Active engagement with the
athlete whenever possible and encouraging them to remain part of the team during
rehabilitation are recommended.

*  Injury can be a turning point in an athlete’s career, for better or worse. Successful reha-
bilitation can ensure the athlete returns to sport a more robust and confident athlete.
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Chapter 4

Nutrition in injury prevention
and rehabilitation

Matt Lovell

Introduction

Nutrition plays a critical role in the training and rehabilitation processes, and it is no wonder
that the well-nourished athlete recovers faster and with better body-component structure
repair than his undernourished cousin. And yet, the importance of the diet during rehabilita-
tion is often overlooked.

This chapter outlines the considerations that impact eating for injury recovery. It
uses a systems-based approach to highlight the areas of nutrition that must be fac-
tored into an athlete’s strategy. As knowledge and practice continues to develop, or
as the needs of your own athletes diverge from the examples given, these principles
can be used to guide a methodical, safe and effective nutritional approach to injury
rehabilitation.

Strategic nutrition

A'sound nutritional strategy is required for the optimization of the regeneration environment.
This involves limiting the primary damage incurred from injury (or training) and ensuring the
tissues surrounding the affected area are free from metabolites or chemical messengers that
may subsequently retard the regenerative process.

Parts of this nutritional foundation include eating to balance the acid/alkaline balance
within the body, as well as to help the body regulate inflammation. Of primary importance
is consuming the appropriate amount of energy (calories) and macronutrients (protein, car-
bohydrates and fats), balancing the altered requirements arising from the athlete’s reduced
training load (and increased risk of harming body composition) with the requirements of
rehabilitation.

Additionally, we must provide the body with the relevant building blocks for repair and
rebuilding. Initial strategies should focus on forming robust nutritional habits with an athlete
that encourages consumption of adequate micronutrients and macronutrients to aid reha-
bilitation. Specific strategies to address particular injuries will then further guide food choices
and supplementation.

This process is outlined in Figure 4.1 and then discussed in the following sections.
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« Injury assessment

« Nutritional intervention; calorie and macro nutrient adjusted
 Continue on existing supplementation

* Anti-catabolic protocols; immediate EAAs/BCAAs

» Focus on immune support

* 4 days for soft tissue

 14-21 days for bone

 Energy balance anti-catabolic protein synthesis
* Diet-anti-inflammatory—bone broth

* Calorie-and macro-nutrient-adjusted more detail
* Gut health; linked to inflammation

* Rehabilitation Shakes

* Repair
« Fish oils and enzyme support
* Colostrum
* Immune support
* Amino acids; GH
* Injury-specific supplementation
. * Vitamin C, MSM, GS, Bromelain, grape seed extract (as injury pack)
S1AIEE Ol o Joint ligament tendon
remodelling « +/- bone support
* Blood flow support; gingko biloba, beetroot juice, pycnogenol
« Tendonopathy support; glycine and green tea

* Return

« Proprioceptive rehabilitation supplementation TMG and tyrosine
* Hormonal support through adaptogens

« Specific herbal support for speeding healing; cissus

Figure 4.1 Nutritional strategies to support the phases of injury rehabilitation

Stage |: Stabilising the athlete

The stages of injury need to be considered when deciding which dietary protocols to apply,
and with which nutrients to intervene. The healing process needs to be supported by nutrient-
dense foods, and this needs to be coupled by the need to maintain the body’s acid/alkaline
balance. Complicating this is the fact that over-consumption of energy during this period
of reduced energy expenditure will lead to increased body fat and negatively impact on the
athlete’s fitness.

The other key consideration in this stage is the paradox of the inflammatory response.
Inflammation is fundamental to the healing process following injury; it must be regulated
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to prevent it becoming a problem in its own right. Therefore, a balance needs to be struck
between limiting damage and allowing the body’s own immune system to function as it is
designed.

Energy balance

Following injury, energy expenditure is lowered due to reduced training load, necessitat-
ing calorific adjustments to preserve the athlete’s physique and fitness. To do this, pre-
and post-training carbohydrate intake should be adjusted based on basal metabolic rate
(BMR) plus activity-factor calculations. Special emphasis should be placed on branched
chain/essential amino acids (BCAAs/EAAs), which are the limiting factors for protein
synthesis and can also be catabolized for energy. These high-quality protein precursors
can be found in high concentrations in whey, dairy and meats and reflect a basic first
step to recovery. Emerging evidence on ‘adaptogenic’ herbs such as cissus quadrangu-
laris (cissus) 1s revealing a role for these enigmatic ingredients, but this level of nutri-
tional support should be done alongside a trained herbalist and/or a sound drug testing
protocol.

Energy balance and macronutrient provision depends entirely on the type of injury, the
individual athlete and their physical exertion throughout rehabilitation. As a basic first step,
we should look to increase intake of polyphenol-rich herbs, spices and vegetables, using these
as a base for most meals. This results in a higher nutrient density and lower energy intake to
reflect the reduction in activity and increased nutrient requirement for repair. Also, home-
made stock/bone broth will not only add flavour when sugars and fats are being limited,
but provide micronutrients to impact on processes of repair and inflammation. Table 4.1
highlights the critical building blocks for nutrition to support adaptation and rehabilitation
during both rehabilitation and heavy training;

Table 4.1 Template for building meals to support the healing process

Food Class Food Example Benefit for healing
Quality functional protein Grass-fed beef Building blocks for tissue repair
High polyphenol carbohydrate Kale Concentrated source of micro-
Brassica vegetables Broccoli nutrients and anti-inflammatory
Cabbage flavanoids
Starchy carbohydrate with Camargue ‘red’ rice Nutrient-dense with
additional flavanoid or Thai ‘black’ rice inflammation regulation
properties
Herb (culinary) Oregano Facilitates digestion, high
Basil antioxidant potential
Spice Turmeric Anti-catabolic and anti-
Cinnamon inflammatory
Tea Green tea Anti-inflammatory, antioxidant,
thermogenic and calming
properties
Functional sweetener Glycine Important component of

collagen




34 Matt Lovell

Acid/base balance

The body’s acid/base balance (pH) is tightly controlled to ensure the maintenance of the
optimal environment for enzyme function. This can easily be disrupted, by a mismatch
in the consumption between acid-forming foods (excessive meat and grain consump-
tion) and alkali-forming foods (fruits and vegetables), increasing the body’s workload to
maintain the appropriate pH level. Calcium can be leached from the bones, which not
only affects bone health but also the equilibrium and movement of many minerals in
the body. This can make conditions for protein synthesis and rehabilitation sub-optimal.
Hence, a good intake of vegetables is doubly important for recovery, hormonal output
and acid/alkaline balance.

Eating to support and regulate the inflammatory response

Inflammation is a necessary response to illness and injury, as it helps direct nutrients and
immune factors (via blood and lymph) to an affected area, facilitating repair. As such, care
should be taken with substances that may suppress it. Eating an appropriate balance of essen-
tial fatty acids, as well as micronutrients, provides the body with the precursors to efficiently
and naturally regulate inflammation.

It is possible, however, for the inflammatory response to be excessive in both volume and
chronicity. Whilst it aids energy provision for the immune response/repair by increasing
breakdown of the body’s stores, muscle is often sacrificed to provide fuel for this response, and
there is a risk that chronic, poorly regulated inflammation can lead to catabolism.

Step-by-step guide to addressing inflammation

From a nutritional perspective, we should not look to intervene to directly influence the
inflammatory process in the acute period 72 hours for soft tissue injuries and 14-21 days for
bone injuries. This will allow for a normal inflammatory response to occur.

As micronutrient status as well as omega-3:6 ratio can affect healing and inflammation on
a number of levels, taking a selective panel of bloods can enable the practitioner to titrate
dosages of essential micronutrient support and guard against deficiencies, optimizing the
nourishment status of the athlete.

Good reference points to consider when interpreting red blood cell counts can be found
in Table 4.2.

Addressing deficiencies

If blood work reveals micronutrient deficiencies, a multi-nutrient containing a balanced
complex of vitamins, minerals and co-factors should be taken daily. However, care must
be taken to avoid ‘mega-dosing’ on certain anti-inflammatory nutrients and quenching
the inflammatory response. Concentrated flavonoid extracts are an example of such a group
of nutracueticals. By mopping up free radicals and exerting an antioxidant effect, they
may interfere with cell signalling needed to mediate the inflammatory response. When in
doubt, go to the (natural) source. The meals template above should be expanded to include
brightly coloured foods like berries (particularly blueberries) and green tea (great natural
sources of flavonoids). In general, brighter spices, herbs and vegetation will be higher in
these antioxidants.
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Table 4.2 Red blood cell analysis

Nutrient

Optimal range

Relevance

Magnesium (RBC levels)

Vit D D3 (25[OH]D)
Vit K (pertinent to Vit D

function) undercarboxylated
osteocalcin (ucOC)

Vit A (pertinent to Vit D
function) Serum

Iron profile
Ferritin

Total iron binding capacity

Active Vit BI2 RBC levels
RBC Folate
Omega-3:6 RBC levels

>35mg/L

>100 nmol/L
Mid-range plus 20%

Average of 125 mic/DL

>75 <150

20-55
mid-range + 20%
>95pmol/L

Mid range +20%
<l:3>I1:2

Immune function/rehabilitation. Multiple
benefits for human health.

Immune function, protein synthesis, bone
formation, calcium metabolism and anti-
cancer effects.

Immune function, nutrient delivery, Bl 2 for
brain and nervous system function and the
normal production of healthy blood. Folate
is essential to proper DNA repair, red
blood cell formation and methylation.

Inflammation, multiple benefits to cellular
function and immune regulation.

Rehab shakes

400 ml water
5g BCAAs
5g EAAs

HMB, and leucine.

One excellent way to achieve high levels of the valuable nutrients needed when injured
1s through a smoothie. The key is to understand the value each nutrient has in the
healing process and to blend them in a way that is palatable and easy to digest. Taking
too many of some aminos has caused GI distress, but this recipe is tried, tested and
delicious when blended with ice:

Heaping teaspoon each of: Glycine, glutamine, arginine, OAKG, citrulline, creatine,

Add in another heaping teaspoon each of: Blueberry extract, raw cacao nibs,
manuka honey and flavouring.
Sip gradually over 30-45 minutes.

Fatty acids

Obtaining an optimal balance of essential fatty acids within the body is vital for regulating
inflammation. Omega-3 and omega-6 fatty acids provide precursors to inflammatory com-
pounds, which interact to regulate inflammation.

*  Athletes falling far below the optimal 3:6 ratio should be subject to dietary analysis, and
if increased oily fish intake is not possible, supplement according to body weight up to
three grams EPA per day.
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*  High dose supplementation also needs to include certain omega-6 fatty acids to help
regulate the inflammatory response:

*  GLA: best taken as borage oil to ensure a pure source without excessive levels of
other omega-6 fatty acids;
*  AA: supplements and foods such as eggs and prawns can be considered.

The ‘guts’ of the inflammatory problem

Inflammation is a reaction of the immune system. The immune system must defend the
body from foreign invaders, so it makes sense that much of these front-line (‘innate’) immune
defences are in the gut. A compromised gut impacts on general immune function,' with
knock-on effects that may impair mental well-being.

To regulate inflammation via the gut, three main factors should be considered:

1 Pro- and prebiotic strategies (eating ‘good bacteria’ or foods that support their growth in
the gut). Yogurt and fermented foods such as sauerkraut are ideal additions to support
the gut’s growth of probiotics and should be included in the diets of all injured athletes.
Aim for 30 billion live cultures each day, something that can be found in most probiotic
formulations available in health food stores. Look for heat-stable non-competitive strains
of bacteria. These will be manufactured in order to be stable outside of the fridge, below
25 degrees.

2 Asensible approach to anti-inflammatory medications formulated alongside a physician,
because, whilst they may have their place, they may also obstruct probiotic gut health
strategies.’

3 A dietary intake or supplement strategy that aims to tighten up the permeability or
‘leakiness’ of the gut. Certain nutrients can reduce gut permeability. Bovine colostrum
has such an effect in athletes,* whilst the daily consumption of a simple homemade
stock/bone broth to the food plan may also assist gut function and healing.

Stage 2: Repair and remodelling - rebuilding the athlete

Once the injured athlete has been stabilized, we need to shift our focus to the process of
rebuilding. This is a multi-pronged approach that must consider:

*  Nutrient delivery and waste removal (supporting healthy circulation)
*  The regeneration of damaged structures
e The central coordinating role of the immune system

Circulation and vasodilation

Many circulatory strategies revolve around enhancing vasodilation to optimise blood flow.
This occurs in response to the release of nitric oxide (NO). Eating foods rich in nitrates (NOs)
and nitrites (NOy) can support NO production in the body. Again, basing the diet on organi-
cally grown fruits and vegetables will meet most requirements,® whilst herbs and spices will
also add salicylates, blood-thinning agents to aid circulation.®
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Other novel ingredients may also help blood flow. Gingko biloba potentiates blood-flow,
although care should be taken with anti-coagulant medication and the use of this herb,’
whilst L-arginine and citrulline are also NO precursors that may aid circulation.® Two—three
grams of arginine and citrulline with 120 mg of standardized gingko extract twice daily is a
good starting dosage. These are generally available in health food shops or online (see note
below about World Anti-Doping Agency [WADA]—approved substances).

Regeneration: Promoting protein synthesis and anti-catabolic strategies

Protein synthesis lies at the heart of any adaptation, rehabilitation or recovery process. The
main factors increasing protein synthesis are resistance exercise and the intake of dietary
protein (particularly ‘high-quality’ proteins rich in EAAs or leucine), and impairment of any
of these following an injury slows healing rates. Our injury-eating template (Table 4.1) will
provide sufficient nutrients and protein-induced stimulus to maintain protein balance, whilst
energy intake can be manipulated via the carbohydrate and fat content. Hydration should
continue to be monitored and promoted.

Beyond protein ... the added extras once the basics are covered

Whilst most of the amino acid requirements can be taken care of in strategies above, some
research suggests additional benefit may be gained through using specific AAs. Secretagogues
stimulate the release of growth hormone, stimulating anabolism. Taken before bedtime and
pre training, these AAs may work with the body’s natural circadian rhythms of hormone
release to aid rehabilitation.

Ornithine alpha ketoglutarate (OAKG) has been shown to be effective in an oral bolus.? It has
potential benefit for muscle protein synthesis!® and can be added to juices (not other protein-
containing foods) and taken before bed in a dosage of 250 mg/kg each day. They are not
found in wholefoods in significant amounts, and the single aminos supplement appears to
elicit a better response than when they are found in complexes within protein-containing
foods like chicken.

Immune action: Support and stimulate immune function

Immune-regulating protocols will support and optimize the speed and efficiency of the heal-
ing process, influencing anabolic and catabolic processes. This can be done effectively by
addressing any nutrient deficiency relevant to the immune system that has been uncovered
by screening (Table 4.2). In addition, Echinacea shows immune-modulating and wound-
healing properties,!! whilst colostrum provides immune factors that may stimulate the body’s
own production of immune-boosting proteins.'?!3 Initial dosing protocols would start with
20-60 grams of colostrum, along with 1 gram of Echinacea every three hours. Low lactose
1s a preferred source of colostrum if consuming above 5 grams in a single serving

Anti-catabolic substances, through their role in reducing excess stress hormone pro-
duction, may also be beneficial to the immune system, with colostrum providing direct
immune benefits,'* as well as athletic advantages.'? Pycogenol, a bark extract with antioxi-
dant properties, also accelerates healing.!> A summary of these substances is provided in
Table 4.3.



Table 4.3 Anti-catabolic agents to aid healing

Substance/Factor

Mechanism

Dosage

Sufficient calories

Adequate protein

Leucine

HMB

BCAAs

Turmeric/Curcumin

Omega-3 fat

Creatine
OAKG

Glutamine

Arginine/citrulline

Under-eating means energy
needs will be met through
catabolism of fat and body
proteins.

Protein is required for healing,
whilst deficient consumption
can retard the regenerative
process.

More anabolic than anti-
catabolic but an essential part
of switching on muscle protein
synthesis.

Shown to slow catabolism

in disease state and may be
helpful for combatting the
catabolic effects of overtraining
syndrome.

Provides building blocks for
tissue reformation and mental
acuity support for rehabilitation
sessions.

Anti-inflammatory, prevents
breakdown of protein, enhances
glucose uptake into muscle.

Regulates inflammation and
promotes muscle protein
synthesis; effects greater

in elderly and states of
inflammation.

Protects muscle mass during
inactivity/immobilization.

Precursor for NO, aids tissue
repair and healing.

Improves healing in
experimental studies, supports
gut health and integrity, offers
some benefit for growth
hormone release.

Immune system support,
growth hormone secretion,
conditionally essential during
periods of growth.

Determine BMR and then add in
activity factor. Use macro split to
control body composition, e.g.‘zone’
type split 30—40% protein, 30% fat
30—40% carbs.

2.2 g/lkg LBM divided into equal
servings across 4—6 meals to avoid
fasting.

For the purposes of injury recovery,
larger protein intake can be
sandwiched around training /rehab
sessions.

Use 0.3 g/kg in 3 divided dosages
on waking, before bed and after
training/rehab sessions.

Use 3-5grams earlier in the day or
before training.

Use 0.3 g/kg throughout the training/
rehab period, e.g. as part of pre-intra
and post-training shake.

Use | gram of curcumin 3x/day or
5-7grams of turmeric in cooking
throughout the day.

Use 2-3.5 g EPA/DHA blended
minus amounts that occur from
dietary sources.

Use /16 body weight in grams/kg,
e.g. 80kg = 5grams daily in PW shake

Use 0.2 g in divided dosages PW and
before bed.

Use 0.2 g/kg spread throughout day
as per BCAAs.

3—6 grams pre-training and again at
night as part of sectretagoue amino
blend.
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Injury-specific supplementation

Bone broth probably surpasses most available supplementation as the ‘go-to’ food-based
healing strategy, as it contains multiple substrates for tissue remodelling and gut health sup-
port. As well as eating to systemically aid healing, individualised supplementation can support
rehabilitation in a more specific fashion. It is beyond the scope of this chapter to cover all
possible injuries, but guidelines for bone, muscle and tendon injuries are as follows:

Bone injuries

*  Commence the anti-catabolic strategies outlined in Table 4.3 within the first 48 hours;

*  Run the panel of bloods in Table 4.2 and supply the necessary nutrients in suitable
amounts based on the results;

*  Adjust the energy balance of the diet;

*  Emphasize alkaline, pigment-rich food sources as per the meal matrix (Table 4.1);

*  Consider secondary damage support through ergogenic supplements, e.g. vitamin C,
MSM, bromelain, grape-seed extract and glycine;

*  The repair and remodelling phase would then begin with additional protein building
and anti-catabolic strategies, blood-flow nutrients like citrulline, gingko and arginine
and further inflammatory and oxidative regulation through the use of green tea;

*  Use a bone supporting formula with sufficient vitamin K2, magnesium, calcium in a
2:1 ratio along with trace minerals from strontium and boron.

Soft-tissue injuries

*  Immediately commence anti-catabolic strategies (see Table 4.3); increase protein and
amino acid intake;

*  Adjust the energy balance of the diet;

*  Glycine and green tea have particular relevance for tendinopathy and ongoing tendon
support. Around five cups per day are necessary for sufficient flavonoid intake; extracts
provide concentrated and measured dosages and may be preferred in the clinical setting;
Matcha green tea is the most concentrated form of green tea extract and is the best form
of commercially available green teas.

For the athlete, sourcing supplements can be a minefield. Make sure all your supple-
ments are drug-screened at a suitable lab and pass for the contaminants related to
WADA and your sport’s governing body. It’s your responsibility to do this. If in doubt,
do not take it!

Stage 3:The finish line - return to competition

The final stage of rehabilitation is characterised by re-integration into full training and com-
petition loads, and so our nutrition strategy needs to reflect these increased physical and
technical demands. Eating to provide the nutritional building blocks and support the hor-
monal environment is vital, as is supporting an athlete’s energy levels for performance and
to reduce injury risk.
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Table 4.4 Possible cortisol-modifying agents

Cortisol-moderating agent ~ Mechanism

Carbohydrate Opposes the catabolic/starved-state triggering of cortisol release.

Glutamine Lowers cortisol levels.

Phosphatidlyserin 600 mg shown to reduce cortisol levels when taken after exercise.'

Vitamin C I-1.5 g shown to reduce cortisol levels when taken after endurance
exercise.!”

Antioxidants Antioxidants such as quercetin and polyphenols may help lower cortisol

levels, reduce the levels of free radicals and prevent the cell/tissue
damage caused by physical stress.

L-Lysine and L-Arginine  Normalizes the cortisol stress response in those with high trait anxiety.'®

Continuing the anti-inflammatory and anti-catabolic strategies previously described is
important. The food choices will aid the insulin/cortisol balance, and secretagogue aminos
such as arginine may also assist with normalizing the growth hormone (GH) response to
training. GH is critical for tissue healing and the adaptation from the training loads necessary
during the final stages of rehabilitation.

A key nutritional aim during the recovery processes is to optimise normal physiology and
maintain hormonal homeostasis in the face of the stress and fatigue imparted by training.
Cycled use of adaptogenic herbs, such as koly basil, schizandra and rhodioloa rosea, show some
promise in aiding this process.

Another key factor that we can seek to manipulate through diet is the insulin/cortisol ratio.
Insulin is the most anabolic hormone, as it acts to stimulate the muscular uptake of aminos
and increases testosterone production. It is most commonly triggered by a rise of blood glu-
cose, but AAs such as glutamine and leucine found in dairy can stimulate muscle-specific insulin
action independent of carbohydrate.

Keeping insulin levels high is usually done in the post-training window when we eat food
that is high in sugars. However, a recovering athlete must exercise caution with excess energy
intake in order to avoid increasing body fat.

Cortisol is released when carbohydrates are scarce and in response to stress. Initially, acute
elevations in cortisol switch off inflammation, cause fat oxidation and stimulate the body to
synthesise blood sugar, but a chronic increase in cortisol can lead to muscle catabolism and
prevent glucose uptake by muscles.

It is essential, therefore, to strike an anabolic and catabolic balance, and possible cortisol-
moderating agents are shown in Table 4.4.

Finally, creating an environment where the individual is better able to handle the adverse
circumstances related to injury may be aided through ant-fatigue AAs like tyrosine!® and
amino complexes like creatine.?’

Body composition assessment is an essential part of athlete management, and a thor-
ough, regular anthropometry forms part of the core management plan around return-
ing players to full match fitness, regulating the rebuilding of cross-sectional areas of
injured tissue and limiting catabolism in immobilized limbs.
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Summary

Injury is an inevitable part of athletic endeavour and all too often a routine part of an ath-
lete’s training. Injury protocols are really an extension (and concentration) of existing recov-
ery protocols for normal day-to-day training.

An understanding of inflammation and catabolism and nutritional strategies to limit
these sources of damage are an essential part of returning to full fitness. Having clear strat-
egies to adjust calorie intake to match changes in energy expenditure and knowing which
nutrients are key to avoiding catabolism will arm the savvy athlete with the skills to heal
faster. More specific dietary and supplement-focused approaches can then be individualized
with an athlete in a process of constant refining, adjustment and strengthening a working
relationship.
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Chapter 5

Medical assessment and
pre-participation screening

Mike Bundy and Lisa Hodgson

Introduction

Pre-participation screening (PPS) has become a routine tool in the assessment of players
at the beginning of a new season, or when a new player or athlete is introduced to a new
training group. The spectrum of what is screened during this process, however, can vary
tremendously, ranging from the all-encompassing pre-signing medical examination of a
multimillion-pound footballer to a brief examination to fulfil legal requirements when com-
peting in a single event. Equally, different sporting bodies and governments have differing
criteria for what needs to be assessed during a screening, For example in Italy, every person
wishing to participate in sport is required to have a cardiac screening assessment, with a view
to reducing the incidence of sudden death.

Not all pre-participation medicals should therefore follow the same format, but should
instead be tailored to the needs of the medical team, the organisation and the athlete. These
can be divided into those aimed at detecting cardiovascular disease and those that assess
other aspects of the athlete’s history.

The aim of this chapter is to explain the principles, benefits and process of screening. As
part of this, we will delve in detail into the process of cardiac screening.

Principles of screening

The overarching aim of any screening process is to assess the welfare of the athlete involved.
It should be based on sound scientific criteria and be performed by a physician trained and
experienced in sports medicine as well as in the screening process. Clearly, preparation and
planning in such a process is vital. In order to make a meaningful assessment, the athlete
should be examined in a suitable environment, with the right equipment, privacy and notes
available, including reports and scans from previous medical attendants.

Everyone involved in the screening process needs to understand that if a problem is identi-
fied, then important discussions need to be taken about the consequences of these findings,
and it should not just be ignored. As such, it is vital that consent for this PPS is given prior to
the commencement of the process. On rare occasions, the findings have serious consequences
and impact on the athlete’s ability to pursue their career. The athlete is always given a chance
to withdraw from the rest of the screening process if a serious medical problem is identified,
but they need full counselling regarding the decisions they are making. Written advice and a
certificate following the process need to be given to all parties, with full consent.

The results of a PPS can have dramatic consequences and these need to be appreciated.
For example as a result of this process, some athletes may either be totally or temporarily
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precluded from participation in sport whilst further assessment or treatment is conducted.
In a study of 733 adolescent pupils, it was noted that 0.4 per cent were excluded from the
sport totally, and 5.5 per cent were temporarily excluded whilst they had further assessment.!

A screening process obviously needs to be validated, and if we are targeting a specific
abnormality, it is important that this condition is recognised as having a significant impact
on the performance or health of the athlete. With any screening process, it is vital that
abnormalities can be detected at an early stage and that early treatment is of benefit. In elite
sport, there are several tests that would not be used in treating the general public, but these
too have to show reliability, sensitivity, specificity and affordability. Such an example would
be detecting iron deficiency anaemia in female endurance athletes with screening blood tests.

Benefits of screening

As we have listed, there are many points that will come out of the screening process, but in
the realms of sport, probably the most important is identifying musculoskeletal abnormalities
that put the athlete at risk of injury. It is not always practical to give the whole squad a list
of preventative pre-habilitation exercises in the hope that you will reduce the incidence of
Injuries to a minimum, but rather, tailor-make the preventative programme to each player,
once you have identified their particular risk.2? This is where the PPS programme can be so
beneficial. This is discussed in greater detail in chapter 6.

Elite pre-participation screening

The main reasons for performing a PPS in sport are to:

1 Identify conditions that might adversely affect the sport’s participation and identify
injury risk, need for pre-habilitation or rehabilitation;

2 Establish baselines of athlete health, from an orthopaedic/musculoskeletal and general
medical (including cardiovascular) perspective;

3 Allow the medical team an opportunity to uncover and discuss high-risk behaviours,
such as infections, alcohol use, drug use and smoking;

4 Meet the legal and insurance requirements of the sport and the laws of the game;

5 Discuss consent for the process and also discuss confidentiality regarding any of their
medical problems — this needs to be clearly excluded and rules outlined as to what the
medical team can discuss with coaches, and whether athletes want to be present dur-
ing these discussions or whether there is consent to discuss their medical issues in their
absence;

6  Discuss contractual conclusions, as a medical report often needs to be submitted as part
of this negotiation;

7 Provide an opportunity to discuss with the athlete how the medical team and the club
function.

The PPS process

A suggested format for a PPS programme forms a part of this chapter. It is not necessarily
complete, but it is comprehensive, identifies the process and points out important issues that
need to be raised or assessed. These can be divided into the following sections:
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Patient details

This is a good opportunity to find out as much as you can about the personal life of

your athlete — not only their address and contact details, but more importantly, home
and family life. Athletes spend a lot of time involved in their sport, and the family
around them can be supportive but also demanding and distracting, thus affecting
the athlete’s performance.

Past medical history

(a)

Medical and social history

It is routine to go through the past medical history of all of your athletes. Mostly, they
will be fit and well, but occasionally we may find an athlete who has had some birth
defect or childhood illness, or has a genetic trait, such as sickle cell disease, that will
impact upon their sporting performance. It may well be that the athlete wants to
keep this confidential, but the medical team should be aware of the consequences
of these findings on performance. It is important in female athletes to identify any
past history of eating disorders, menstrual disorders or osteopenia as part of the
triad that predisposes to bone stress and osteoporosis. Issues that are commonly
ignored in the young, such as dental health, vaccination history, sexual health and
lifestyle issues such as alcohol, smoking and drug use, need to be explored.

It is also vital to understand as well the prescribed medications and nutritional sup-
plements that the athlete may consume. It is important at this stage not to miss
the need for a Therapeutic Use Exemption (TUE) form for athletes who are on
medication that requires notification.

Musculoskeletal history

A list of previous injuries and their management is vital, not only because they may
have biomechanical consequences for the athlete, but also because they may not
have been fully rehabilitated, and should be a focus for the examination part of
the screening. Details of scans, surgical reports and previous rehabilitation need
to be obtained.*

Sport-specific history
This includes details of the athlete’s background within the sport, such as:

*  playing history

*  runs of games and fitness levels

*  protective clothing and equipment used, as well as strapping needed
*  concussion history (frequency and threshold)

* the type of footwear or orthoses used.

In addition, previous strength training programmes need to be identified, as do
pre-habilitation or rehabilitation regimes. It is also useful to obtain Global Posi-
tioning System (GPS) data, to know what their normal load is throughout a week
and to compare that to training load expected moving forward. This can help
identify whether they need modifications to training load to avoid sudden spikes.

Often missed, but vitally important, is the need to know what nutritional input that
they get in terms of supplementation, allergy medication or any special diet,
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and whether they have any particular sponsorships that mean that they have to
wear certain footwear or equipment that may make it difficult to comply with
medical needs.

In certain sports, there are injuries that are more likely, such as spondylolisthesis in
cricket, stress fractures in endurance athletes and osteoporosis in female endur-
ance athletes. All of these issues need to be explored, and it needs to be deter-
mined whether any baseline investigations such as MRI, DEXA scan or blood
tests have previously been performed.

(d) Family history

It is important to be aware of an athlete’s family history of either cardiovascular
or respiratory disease, as well as any family members who have inflammatory
disorders or spondyloarthropathy, or any conditions that may be associated with
these, such as inflammatory bowel disease, iritis or psoriasis. Obviously, sudden
death has a significant impact in the cardiovascular screening, but so do diabetes,
dental illness and osteoporosis.

Medical examination

It is possible to get carried away with the breadth of the examination that may be required.
Most examination processes are tailored to the needs of the athlete and the medical team,
but it is important to use this to obtain baseline readings on the general medical status of your
athlete. Height, weight, BMI and other anthropometric measures such as skinfold thickness
can be recorded, as can the hyperflexibilty of the athlete through a Beighton score. Visual
acuity and colour recognition may be relevant to the sport, as may hearing. A dental assess-
ment may be appropriate, and importantly, assessing cardiorespiratory, abdominal, pelvic
and baseline neurological function. Musculoskeletal examination is discussed in greater detail
in chapter 6.

Respiratory disease screening

Exercise-induced asthma is highly prevalent in elite athletes (present in up to half of elite-
level athletes,”® yet usually remains inadequately diagnosed and treated, and can be associ-
ated with severe health implications.»® It is estimated that 20 per cent of any squad will
have some degree of exercise-induced asthma.® Therefore, screening for this is of undoubted
benefit, and respiratory function tests, including spirometry or the more detailed eucapnic
voluntary hyperventilation (EVH) test, may be more appropriate.’

Neurological screening

In a sport where concussion occurs, baseline neuropsychological tests, such as CogState Sport
and SCAT?3, as well as balance tests performed pre-season are essential. The diagnosis of
concussion has been controversial, and obtaining objective markers to diagnose, monitor
progress of and recover from concussion is something we all strive for. Assessing cognitive
function compared to a ‘normal’ baseline state is one way to determine whether recovery has
occurred. It is therefore extremely important to have reliable ‘normal’ baseline test results
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with which to compare the concussed athlete to enable doctors to diagnose and assess recov-
ery status. These baseline tests can be written scores, such as a SCAT'3 test, or more elaborate
computer-based neuropsychological tests, such as CogSport, and should be performed each
pre-season together with a neurological examination set as a baseline with which to compare
later on in the season.

General health screening

Further investigations may be dependent upon what is found at the history and examination,
but a series of blood tests, including full blood count, urea and electrolytes, liver function,
thyroid function, calcium, vitamin D, iron studies, lipids, B12 and folate, coeliac screen and
hepatitis screen may be relevant. In those athletes who have frequent bone stress or bone frac-
tures, parathyroid hormone (PTH) levels may also provide useful information. It is important
to note that in many instances, normal’ values for an athlete may differ from ‘normal’ values
for the general population, and this needs to be considered when interpreting results.

Imaging studies

Imaging with x-rays, MRI, C'T or ultrasound is commonly used in some professional teams’
medicals. The use of these has to be guided by the knowledge that not all of the findings are
symptomatic or relevant, and images should be carefully interpreted with a consultant radi-
ologist to determine the importance of such findings. Having said that, the identification of
a spondylolisthesis in a fast bowler in cricket may have consequences for whether his bowling
action should be reassessed or altered. Likewise, a DEXA scan identifying osteoporosis in a
female endurance athlete will have consequences for her predisposition to stress fractures or
stress reactions.

As can be seen, the range of assessment available to perform on a player is vast, and this
may well be prioritised over the past medical history gleaned from the athlete. Rather than
performing a standard range of radiological scans, it may be better to target certain images
for certain situations, e.g. the DEXA scan in an athlete with a history of stress fractures, a
knee MRI in a footballer with previous ACL reconstruction and frequent knee effusions, or
a shoulder MRI in an athlete with previously undiagnosed shoulder instability found on the
screening examination.

Consequences of the PPS process

It 1s important to have an action plan following the PPS. This can be divided according to
contractual requirements, where the medical team may be required to report to the coach
or club director as to whether there are any limitations or consequences that can impact
upon the contractual negotiations. In simple terms, these can be divided into the following
categories:

Athlete cleared without limitations

Athlete cleared but further analysis is required
Athlete cleared but with limitations and precautions
Athlete not cleared to be fit to train/compete.

B0 N —
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From a medical point of view, there are certain decisions to be made following the assess-
ment, and these can be defined as follows:

1 Investigation or referral

If the medical team identifies any issue that needs further investigation, such as imaging
or referral to a specialist, then this needs to be enacted to allow the severity of the
condition/injury to be fully assessed.

2  Pre-habilitation needs

During the assessment, it is possible that certain biomechanical, strength or structural
abnormalities that will put the player at injury risk may be identified. These need to
be corrected or minimised through a pre-habilitation programme.

3 Rehabilitation needs

If the athlete is returning from injury it is important that rehabilitation needs are
addressed and that a proper reintegration back into sport is monitored.

4  Review time

Finally, it needs to be decided when this process is going to be reviewed and reassessed.
Some issues such as cardiac screening can be reviewed annually, whilst others, such as
reviewing the impact of vitamin D replacement therapy or assessing shoulder strength
and stability following a surgical reconstruction, require more frequent reviews.

Cardiac screening

Arguably the most contentious aspect of medical screening in sport surrounds cardiac screen-
ing. Whilst it is true that cardiac screening cannot identify every possible fault, this is no dif-
ferent from any other aspect of screening the medical profession advocates. It does, however,
have the potential to reveal ‘silent’ conditions that if left uncovered can be fatal. As such, car-
diac screening is aimed at identifying those athletes, between the ages of 14 and 35 years old,
who may have underlying conditions that may lead to sudden cardiac arrest (SCA) or death.

Sudden cardiac death (SCD) is defined as an ‘unexpected death occurring as a result of
natural causes in which loss of all functions occurred instantaneously or within 6 hrs of onset
of symptoms’.!? It is not the purpose of this section to discuss the various causes that can
lead to a SCA or death, nor to argue the pros and cons of cardiac screening and what to do
with the information once it is identified. That will be the decision of the individual sport or
national governing body. Equally, the ‘if to exclude’ question will not be addressed, as this will
always be a sportsperson’s own decision taking into account the cardiologist’s recommenda-
tions and the by-laws of that sport.

Cardiac screening will continue to be a controversial topic, particularly given the infrequent
number of deaths that occur in relation to the number of young people who participate in
sport. The prevalence of cardiovascular disorders known to cause SCD in young athletes is
approximately three athletes in 1,000,'!2 but the death of a young and apparently healthy
individual is catastrophic. It is estimated that 80 per cent of all non-traumatic deaths in young
competitive athletes are due to inherited congenital structural or functional abnormalities,
most of which can be identified during life.!%!3!* Male athletes appear to be at a greater
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risk of exercise-related SCA, and a particularly vulnerable cohort is adolescent males below
18 years of age.!> Race is also an influencing risk factor, with black athletes being at higher
risk than white athletes, particularly concerning hypertrophic cardiomyopathy (HCM).!®

Most deaths (90 per cent) occur during or shortly after exercise, and athletes are twice
as likely to stress their heart and therefore have an increased vulnerability to SCA.!
Whilst it is true that exercise itself is not a direct cause, it is a trigger, as the stressed
heart is more vulnerable.

Who should be screened?

In 2005, European recommendations were established endorsing a screening protocol that
prior to participation in organised sport any fit and healthy young person should have cardiac
screening that includes a resting 12-lead Echocardiogram (ECG).!” This recommendation
was informed by the Italian experience of mandatory cardiac screening and has since been
supported by such bodies as the International Olympic Committee (IOC), International
Federation of Football Association (FIFA) and an institutional review board (IRB).!!:18

During 2012, the ‘Advances in Sports Cardiology’ meeting in Seattle, Washington, USA,
provided further reading to support the education regarding these issues for those work-
ing in sport.' A themed journal was published in 2013 to aid ECG interpretation by phy-
sicians for athletes to improve cardiac care with international consensus collaboration.?

Whilst the concept of cardiac screening remains controversial, the knowledge that 70—-80 per
cent of all young athletes with congenital abnormalities, whether structural or electrical in ori-
gin, are asymptomatic prior to the event!® provides the stimulus to do everything possible to
uncover underlying cardiac abnormalities. Indeed, the athlete that displays ‘red flag’ warning
symptoms, such as syncope, shortness of breath on exertion, chest pain and palpitations, could
be considered ‘lucky’, as they are given clear clues to an underlying problem. This is why a
structured screening process of all athletes, not just the symptomatic ones, is critical.

Whilst there are acquired traumatic events, such as commotio cordis or viral conditions
such as myocarditis, that can lead to SCA but cannot be identified prior, nor be accounted for
in a prophylactic program, evidence exists as to the overall effectiveness of a cardiac screen-
ing process, and this should be the end of the debate. The only question left should be fow
do we conduct this screening?

Medical history and physical examination

To establish a family history, common questions (see below) can be incorporated as part of
the screening protocol.?! For younger athletes, it is best to include parents or guardians in this
process to ensure accuracy of the family history.

* Do you have a family history of SCD or has anyone died suddenly in your family below
the age of 357
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*  Have you ever suffered an episode of syncope?

* Do you suffer from palpitations?

* Do you ever suffer from shortness of breath that is disproportionate to the activity you
are performing?

*  Have you ever been diagnosed as having a heart murmur?

Physical examination is a part of the process but not stand-alone. Auscultation using a
stethoscope may help to identify structural disease. For example the presence of a heart
murmur may indicate a valve leakage or an obstruction to flow caused by obstructive hyper-
trophic cardiomyopathy.?!

The above procedures may indicate an urgent referral for future testing, especially if one
of the questions is positive and if there is a family history, or if a heart murmur is identified.
But a negative questionnaire and/or physical examination is not enough to clear an athlete.
Further screening is still required to ensure a full cardiac screen.

I2-lead echocardiogram (ECG)

The goal of screening is to classify the heart as either ‘normal’, requiring no further test-
ing, or ‘abnormal’, requiring further evaluation. At times, this can be difficult in sport, as
it 1s generally accepted that, following years of intense training, athletes have physiological
changes related to their heart that in a non-athlete would be suggestive of an underlying
pathological condition. Nonetheless, an ECG should detect 95 per cent of those with an
underlying HCM, and 80 per cent of those with arrhythmogenic right ventricular cardiomy-
opathy (ARVC).!® As such, a 12-lead ECG is recommended by the European Society of Car-
diology and the IOC.!'"* The false positive ECG rate is still widely discussed, but London’s
St George’s Hospital has reduced the false positive rate to 4 per cent,'> and ECG is still the
most cost-effective cardiovascular PPS tool.??

To ensure that ECGs in athletes are correctly interpreted to avoid missing potentially
dangerous cardiovascular conditions or ordering unnecessary follow-up testing, it 1s best that
a clinician experienced with the athletic heart conducts the process. Also important is having
a direct referral pathway to a specialist centre that can assist with further interpretation and
follow-up testing.

Even with expert interpretation, however, the ECG will not detect all conditions at risk of
SCD. Further diagnostic testing may be required as a result of family history or symptoms,
or if a positive ECG i1s found. Briefly, the follow-up tests that may be employed are:

Echocardiogram (ECHO)

ECHO uses ultrasound waves to look at the structure of the heart and is used in those with
ECG changes. Some sports will employ both an ECG and an ECHO as basic screening tools,
whilst others will opt for an ECG screening with the ability to obtain an ECHO immediately
should the ECG identify an abnormality.
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Exercise stress test/ECG test

This is an ECG-evaluated test conducted before, during and after exercise on either a tread-
mill or bike using a set protocol. The cardiologist will interpret the electrical changes and
patterns that occur within the heart during exercise. These are particularly useful in detecting
some of the features that are apparent in ARVC or Long QT syndrome (LQTS).

24-hour Holter test

This is either a 3-lead or 12-lead ECG taped to the athlete’s chest for a period of 24 hours
to record the cardiac electrical activity. This 1s ideal in looking for arrhythmias that may be
present in some conditions such as LQTS or Brugada syndrome.

Cardiac MRI

Cardiac MRIs can detect 5-10 per cent of conditions that present with a normal ECG.?!
They are chosen when there is an abnormal pattern of test results or a mismatch between
signs and symptoms. It is primarily concerned with the structure of the heart and can detect
subtle cardiomyopathies that often mimic channelopathies. It can also detect congenital coro-
nary anomalies, myocarditis or signs of coronary artery disease.

Once abnormalities are detected we are duty-bound to ensure a speedy follow-up and
further investigation to prevent unnecessary psychological worries in our athletes. Whilst any
positive screening is going to have a psychological impact and anti-screening arguments are
often based on the false-positive impact factor, the negatives of this are far outweighed by the
negatives of a SCD.

Despite the financial implications, best practice dictates the mandatory offer of cardiac
screening to athletes. The athletes can then make an informed decision whether or
not to opt in to the process. It is possible to conduct the medical history taking, physi-
cal examination and ECG testing and then use an online interpretation tool, but this
should only be considered if a referral pathway is in place to allow for follow-up testing
and appropriate management by sports cardiologists if necessary:.

Summary

There is no doubt that PPS can be a very involved process. It can expose the athlete’s vul-
nerabilities, and the process is not without its risk of identifying a condition that may have
career- and life-changing consequences. The purpose of the screening process needs to be
clear from the outset, as should the consequences and expectations of all involved. Ideally,
the process should be comprehensive but can be targeted towards the specific needs of the
athlete, the team, the sport, the position and the skill of the athlete. Below is a template that
you are welcome to use as part of your screening process.
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Chapter 6

The injury risk profiling process

David Joyce and Dan Lewindon

Introduction

For centuries, humans have sought to predict the future in order to ease anxiety about pro-
spective events. Nowadays, this ambition extends to sport and exercise, where performance
support teams employ a series of tests in the hope of gaining an insight into future athletic
performance or injury risk.

Originally, the purposes of pre-participation evaluations in sport were to assure the coach-
ing staff that their players had commenced the competitive season with a common level of
health and fitness and to identify ‘treatable’ conditions. Whilst these objectives are still pres-
ent, the scope and ambition of screening has extended to include:

* identification of areas of weakness or pain associated with performance to provide a
platform for injury risk management programmes;

» assessment of physical capacities (e.g. acrobic power, acceleration, vertical jump height);

*  determination of benchmarks (e.g. what is normal for a certain athletic population based
upon age, playing position, etc.);

* assessment of recovery from previous injury (when it is used as a baseline measurement);

e elimination of intrinsic faults prior to coaching technique/training programme changes
(such as back squat proficiency or plié technique).

The focus of this chapter is not so much to detail athletic performance testing, as this is cov-
ered elsewhere in the text, but rather to demonstrate how a true interdisciplinary approach
to athletic profiling can help identify the athlete at risk of injury so that plans can be put in
place to mitigate that danger.

The aim of assessing every single aspect of an athlete is unrealistic and not supported by
scientific research. The field of tests that could be applied is too vast, many of which will be
irrelevant to the athlete being tested. It is clear that a strategic approach is required, one that
relies on the gathering of intelligence as a method of sifting through all the possible things
that ‘could go wrong’, in order to hone in on those things that are ‘most likely to’. In this
way, 1t can be seen that the principal aim of the screening process is for it to yield meaningful
information, rather than just data.

What 1s also clear is that screening should not be used as the definitive assessment tool per
se, but as a method of filtering through all the possible injury scenarios to highlight certain
areas of an athlete’s profile that require management or further investigation.

This chapter will present a framework for the development of a pragmatic, evidence-based
screening tool that is functionally relevant and individually targeted, the fundamentals of



Injury risk profiling process 63

which can be applied across all sports and age groups, as well being useful in industrial and
military environments.

Disrupting the injury equation

The occurrence of an injury has wide-ranging effects on the athlete, including:

*  reducing time spent training or competing
*  imposing a negative effect on sporting performance
* financial costs and psychological implications.

Indirect costs of injury are also evident with impacts sometimes being felt by their team,
their family and the wider community. It is clear, therefore, that prevention of injuries in sport
and exercise is a worthwhile aim. It is unrealistic to expect all injuries to be preventable. What
we can aspire to, however, is a situation where the risk of injury is reduced.

The premise for using screening as a keystone of injury risk reduction relies upon it iden-
tifying individuals susceptible to injury. What turns an athlete into a susceptible one is best
seen in the following equation:

Injury risk equation |

Predisposed individual + extrinsic risk factors
= susceptible individual

A predisposed individual 1s one who is more exposed to injury due to their own intrinsic
risk profile. Such intrinsic risks may include past injury, age, reduced joint range of motion
(ROM) and muscle weakness. If the predisposed athlete is exposed to extrinsic risk factors,
they then become susceptible to injury. Extrinsic risk factors are those that are applied to the
athlete, such as training regimen, weather and the nature and laws of the sport itself.

An example of this is a female netballer with hamstring weakness who has poor landing
mechanics. In this instance, the athlete i1s predisposed to knee injuries due to her gender
and kinematics, both of which are linked with knee injury risk.! Her sport then exposes her
further to risk due to the rules promoting sudden decelerations and pivoting. As a result, this
athlete is susceptible to an anterior cruciate ligament (ACL) injury.

The second key equation to understand is:

Injury risk equation 2

Susceptible athlete + injury mechanism
= injury

Continuing the above example, should the netballer be exposed to an incident where she
has to rapidly decelerate and change direction when catching and passing, all the ingredients
are present for an ACL injury.
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Each of these three variables (predisposition, extrinsic risk factors and injury mechanism)
needs to be identified and either corrected or compensated for if we are to have an impact on
reducing overall injury rates. The aim of screening, therefore, is to identify the predisposed
individual so that the sum of these injury equations can be minimised.

Developing a screening tool

Step | — creation of the generic warning index

The first step in developing a pragmatic screening tool, therefore, is to make it as sport-/
activity-specific as possible. In order to do this, it is vital that the injury profile of the sport be
examined in detail. The sport’s injury profile helps to form the basis of what can be termed
a warming dex. This warning index serves to highlight areas that need special attention paid
to them. For example, as a rule, we would look closer at knee injury risk factors in skiers than
we would in swimmers. This approach is based on epidemiological findings that tell us that
knee injuries result in more competition and training time lost in skiing than in swimming.?

Epidemiological studies of injury rates in sport provide the basis for a pragmatic approach
to injury risk identification. The governing bodies of many sports commission epidemiologi-
cal studies into injury incidence and prevalence.

Most sports with a large participation base will have had some epidemiological study pub-
lished in the scientific literature regarding injury rates over a specified period.

The two key factors to glean from these studies are:

(1) injury incidence, which is usually expressed as number of injuries reported per 1000
hours; and
(2) 1injury severity, which is usually expressed as games or training days missed.

A good example is the Australian Football League’s injury survey, which is the world’s
longest running publically released injury survey in sport. Other good examples are the
annual injury reports produced by the Rugby Football Union (UK).

It is important to consider both factors because a relatively minor injury may occur fre-
quently, whereas a less common injury may have effects that are more devastating and there-
fore warrant more investment in preventing it. An example of this is the ACL rupture that,
whilst relatively infrequent, accounts for the most number of training days missed in a num-
ber of sports.? By combining both incidence and severity, a clearer insight into the top priori-
ties for intervention can be gained.

It is vital that the comparison between these statistics and your athletes be valid, however.
The sport itself may not be the only variable of interest. Injury patterns often differ depend-
ing on factors such as:

*  Gender
*  Competition level
.« Ageh
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Accordingly, the more these statistics can be broken down the better. In doing this, a true
profile of sport-specific injury incidence and severity can be determined, and benchmarks
against the population average can be ascertained.

The downfall of using injury statistics is that often an injury is only recorded if an indi-
vidual misses training or competing. In many cases, however, an injury may not stop an
athlete from participation, although it may reduce their performance when doing so.
Using the traditional injury surveillance format, these injuries do not count towards the
total statistic and as a result may be under-represented. A more sophisticated method,
therefore, is to report on injuries that affect performance, but at present this is not
widely presented in the scientific literature.

If possible, it is even more powerful to be not just sport-specific, but also position-specific.
This helps to account for the varying roles that different players within a team are expected
to play, and therefore the varying loads to which they will be exposed. This often translates
into a different injury profile. Examples of positional differences in injury profile can be seen
in Table 6.1, below.

Once the injuries of greatest significance have been identified, the sport-specific generic
warning index has been completed. This forms the basis for screening of the entire group of
athletes that is to be tested. The next step s to customise the screen according to the intrinsic
risk factors of each individual.

It is important to consider not just the demands of competition, but also the demands of
training. In the ice hockey example, whilst ankle sprains do not feature as an injury of high
significance, training often involves track running and plyometrics, both of which do have
high incidences of ankle injuries.

By the end of this first step, we aim to identify the 4-5 major injuries that will form
the heart of the assessment. The closer your group of athletes is to the groups found
in the literature (based on factors such as age, gender, playing position, etc.), the more
valid the comparison, which in turn increases the appropriateness of the list of injuries
in the generic warning index.

Table 6.1 Examples of the impact of playing position on injury profile

Sport Positional differences in injury profile

Rugby Higher risk of shoulder instability in five-eight position compared to wing
in elite rugby union.” A full exploration of injury differences according to
playing position in professional rugby union players can be found in Brooks
& Kemp (2011).

American football Higher rates of shoulder injury in quarterbacks compared to tight ends.®

Rowing Scullers tend to sustain more cervical injuries than sweep rowers.’
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Step 2 - individualising the warning index

Athletes within a group will vary in injury risk profile according to their own intrinsic
risk factors. Intrinsic risk factors are those internal to the individual, such as age, gender,
race, body mass, muscle strength, physical fitness, biomechanics and history of injury.
They can be divided into modifiable and non-modifiable factors. As the name suggests, non-
modifiable factors are those that no manner of interventions can alter, such as age, gender
or past injury profile. The presence in an individual of any of these non-modifiable risk
factors should filter them into a specific testing pool. Modifiable risk factors will be dealt
with in step 3.

The factor that has been shown to be the most powerful predictor of an injury is a past
injury to that site. For example it is known the highest risk of a groin injury is a previous
groin injury!'® and that individuals with a history of an ankle sprain have a higher chance of
re-injuring that ankle.!! This, therefore, is an area worthy of specific attention, even in a sport
such as ice hockey where ankle sprains do not figure as an injury of significance.'?

Injuries to other areas of the body may also provide a predictive clue to the risk of injuries
to other body parts. For example a history of low back pain has been shown to be a powerful
predictor of ACL injury in collegiate athletes.'®

Another example of a targeted approach to screening is in the screening of females for
ACL injury risk. Females are between 2—8 times more likely to sustain an ACL injury than
males,'* and it is our view that all females should be assessed for ACL injury risk in any land-
based team sport.

By examining the profiles of the athletes or by conducting targeted interviews with them,
the presence of many of these risk factors within the group can be ascertained prior to per-
forming any tests. This helps direct the professional to a more targeted and individualised
approach to injury screening.

Accordingly, the interview questionnaire is the next step in the process. Again, a myriad of
factors could be screened for, but it is best to narrow the investigation to the areas of most
interest according to the profile of the sport. An example can be seen in appendix 1. Again, it
is not designed to be the definitive assessment tool, merely one that acts as a quick method of
seeing if a specific injury (past or present) makes its way into the individual-specific warning
index. It is a method of filtering information so that the areas of relevance can be distilled
and then targeted in a physical examination.

The areas of interest as ascertained by the specific warning index can then be added to
those in the generic warning index to give us intelligence-led targets to test during our physi-
cal examination. This demonstrates a real advantage of the warning index. Instead of having
to examine the literature for risk factors for every single possible injury, our research can now
be directed to the examination of those modifiable risk factors that relate specifically to the
injuries of greatest significance to the individual.

By the end of this second step, we aim to have identified both a generic and an
individual-specific warning index. Such an intelligence-led approach enables us to
develop a targeted and specific approach to risk factor identification, which increases
its diagnostic power.
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Step 3 — determining the risk factors

A myriad of factors have been proposed as being injury risk indicators, but to test for each of
them is both unrealistic and unnecessary. The aim should be to make the screening tool as
streamlined as possible, which is why we prioritise our modifiable risk factor research to those
injuries that we have identified in steps 1 and 2.

In order to conduct the research, scientific databases (such as Medline, sportdiscuss, Cinahl,
Pubmed and Web of Knowledge) need to be accessed with a variety of appropriate keywords
entered. These keywords should be used as filters to ensure that the information most rel-
evant to your group of athletes is attained. It is important not to filter too stringently; oth-
erwise, important information may be missed. For example should the area of interest be
concussion in lacrosse, it would be prudent to examine the literature regarding concussion in
other contact sports as well.

Examples of key search words:

(name of body part), (name of injury), (sport name), child, youth, senior;, amateus;, professional, elite,
sub-elite, male, female, risk factor; athletic, sport, injury, injuries, modifiable, intrinsic . . .

Table 6.2 below shows some factors that have been identified in previous research as being
injury risk factors. These factors were identified using a string of words from the list of
examples provided above.

It is vital to know these risk factors, as they direct the next stage of the process of screen-
ing tool development, which is to uncover the most valid and reliable assessments of athlete
susceptibility to injury.

Once this third step has been completed, we should have generated a list of all the risk
factors for the injuries that have been identified in the warning index.

Table 6.2 Examples of modifiable risk factors for sporting injuries

Injury Modifiable risk factor

Groin injury Hip internal rotation'>

Hamstring injury Hamstring muscle strength'®

Lumbar spine stress fractures in cricket Asymmetry of quadratus lumborum muscle bulk'”

fast bowlers

Concussion in sub-elite rugby league Aerobic power!®
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Step 4 - selection of appropriate assessments of injury susceptibility

It is our belief that the reasons why pre-participation examinations have not been shown to
have strong predictive validity!? is that the screening tests selected are often (a) not specifi-
cally targeted at the athlete (therefore failing one of the first two stages) and/or (b) not valid
or reliable.

The selection of appropriate tests is critical in the formulation of a screening tool. A num-
ber of things must be considered:

*  Isthe test itself a valid measure of the variable of interest?
*  Does the test have sufficient inter- and intra-tester reliability?
»  Is the application of the test valid?

Table 6.3 below describes these three issues. Ideally, all selected tests would have demon-
strated reliability and validity, but it needs to be acknowledged that research often lags behind
professional practice, and that clinical experience should not be discarded simply because it is
yet to be scientifically proven. Nonetheless, it is reasonable to strive to include only the most
appropriate tests. Accordingly, we propose a 3-tiered approach to test selection:

Tier 1
Tests that achieve this status have been shown to be both valid and reliable, may have predictive value as
wmyury predictors and are applicable in a clinical setting

Tier 2
These tests have been found to be clinically useful and reliable but may be lacking in scientific proof of
their validity or in their ability to be predictive of injury.

Tier 3
These tests may be clinically useful but may lack convincing scientific validity or reliability.

Table 6.3 Essential criteria for test selection

Issue When present When absent

Test validity The results of the test are an The results of the test do not provide any
accurate indication of the variable  true insight into the variable of interest.
being investigated.

Test reliability ~ The results are robust against Different results may be obtained upon
random error and will be the same repeated testing by the same person. Equally,
when repeated by the same or the results that one tester achieves may be
other people. different from that achieved by another tester.

This means that results cannot be compared
with confidence and so changes in the variable
may not be ‘true’.

Appropriate This is a form of validity. [t means ~ The test may be appropriate but the way in

test application that not only is the type of test which it is performed may not give an insight
selected appropriate, but the into the variable of interest. For example
performance of the test gives a true isokinetic hamstring testing that does not
indication of the variable of interest. examine its profile at high speeds (300°/sec).
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The core of the screening assessment battery should be comprised of tests in tier 1 and
tier 2. Tier 3 tests should be considered only if the high performance professional finds them
particularly useful.

Other things that should be considered are the ease and expense of test application. This
is particularly the case when there is a group of athletes to be tested on repeated occasions.
The aim is to make the entire battery as specific, targeted and user-friendly as possible where
the maximum amount of information can be gleaned with a minimum of time or money
expenditure.

It is also important to point out that it is our view that all athletes that participate in contact
or collision sports should undergo neurocognitive screening at the start of the season. This
will serve to act as a baseline measure of higher-order cognitive functioning, one that can be
used as a comparison should a concussion be sustained during the course of the season. This
view is in keeping with best practice principles as outlined in the Zurich Consensus Statement
on Concussion in Sport.?

Step 5 — assessment of movement proficiency

The fifth step requires the selection of tests that examine an individual’s ability to perform
spectfic functional tasks, which, in turn, is a display of their proficiency in integrating motion,
stability and motor control. This step is essentially an extension of step 3, but we have given
it a section of its own to emphasise the functional nature of these tasks.

The analysis of functional movement requires us to examine the system as a whole, which
avoids a reductionist approach to examining parts as opposed to patterns. The background
and therefore viewpoint of an interdisciplinary performance team is vital here, as is the use
of video.

Analysing tasks such as landing control and gait analysis is vital, particularly for dynamic
weight-bearing sports. Throwing or bowling technique is also crucial to examine in those

Figure 6.1 The ‘onion skin’ of risk factor identification
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athletes that rely on such explosive upper limb tasks. Also included should be basic tasks,
such as movement dissociation ability and squatting control, especially if loaded squatting
will form part of a training regimen.

By this stage, the screening tool of musculoskeletal competencies should be complete.
Depending on the level of detail required regarding an athlete, there may be some other
pieces of information that can be integrated. Specifically, these may be a psychological profile
as well as a medical screening, examining such things as cardiovascular and dental health.

The total screening tool, therefore, is an example of many members of the performance
support team providing their expertise.

Upon completion of the fifth step, we should have distilled the major intrinsic risk
factors for an individual athlete based upon their risk index and movement profile. In
essence, we will have developed and individualised an athletic profile and determined
all the tests necessary to examine for the susceptible individual.

Step 6 — dealing with the results

The aim of the screening process 1s to assess risk and to highlight areas that require further
investigation. For example a poor performance of an overhead squat, a reduction in shoulder
ROM, or asymmetry when running or landing from a drop jump should alert members of the
high-performance team to investigate further to ascertain the causes behind these poor results.

To illustrate this further, a poor squat may be due to a number of factors, including insuf-
ficient ankle or shoulder ROM, decreased lumbo-pelvic stability or poor technique/motor
control. The sports medicine team can assess the relative contributions of ankle ROM to the
performance of the squat, whereas the conditioning coach will be able to determine if their
nability to squat is due to a technical deficiency. These issues can then be investigated further
and managed appropriately.

This demonstrates the real value of the screen; it acts as a filter; whereby risk factors for
injuries in the warning index deficits can be deconstructed into their individual parts. It also
demonstrates how an interdisciplinary process will provide a thorough insight into the issues
at hand. Frequently, a number of factors combine, and it 1s only through an integrated assess-
ment that these factors can be evaluated and corrected. Again, the value of a multi-faceted
screening process 1s evident.

The results of the screening should provide the high-performance staff with an accu-
rate reflection of an individual athlete’s deficiencies that need specific attention. These find-
ings need to be discussed with the entire high-performance team. It is our opinion that this
includes both the athlete and coaching staff. This is because all members of the team can
provide some insight into the next part of the wmyjury risk equation, which deals with the forces
they are likely to be subjected to in the future. The marriage of these factors goes some way
to providing the high-performance professional with a real insight into injury risk, which is,
of course, the necessary first step in injury prevention. These modifiers provide the ‘expected
future forces’ side of the injury risk equation.

Exposure to extrinsic factors known to increase the risk of a specific injury that the athlete
1s already predisposed to combine to turn the individual into a susceptible one. An example of



Injury risk profiling process 71

such an interplay could be a female water polo player with a history of shoulder impingement
pain and screening that has revealed anterior instability (predisposed athlete) about to enter
a heavy preseason training period involving high-volume-resisted swimming and throwing
(extrinsic risk factors). This athlete is now susceptible to further episodes of shoulder pain.

We would not know of her susceptibility to injury had we not understood the two parts of
this injury equation. Clearly, all members of the high-performance team need to understand
each part of the equation, as all have input into either increasing or decreasing her suscep-
tibility to injury.

The bottom line is, however, that all findings of the screening process must be discussed
with the performance and coaching teams and acted upon; otherwise, the entire process is
futile. It must be viewed as the crucial first step in a strategic approach to injury risk reduc-
tion, but it is useless by itself.

The completion of this step should provide all members of the interdisciplinary team
with a plan of action for addressing any modifiable risk factors.

Step 7 - review

The screening tool is, by nature, ever-evolving because an individual’s risk factors change with
time, and the individual will enter or leave various risk groups according to these changes.
This may be because during the previous season, they sustained a quadriceps tear, placing
them in a risk group for sustaining another one, or they entered a ‘high risk’ age range (such
as being over the age of 23 in the case of hamstring injuries).?! Also, thanks to appropriate
management, their hip ROM may have improved, reducing their risk of groin injuries.

As with any new process, there will be a ‘bedding-in’ period as the support staff’ gets used
to performing the various assessment items. It is inevitable that some tests will be replaced by
others over time due to professional preference or advancements in the scientific rationale for
the risk factors of certain injuries. However, the philosophy of an intelligence-led, individu-
ally targeted approach to screening, using valid and reliable tests should remain constant.

How often should screening be performed?

The entire screening process should be completed at the start of each season. This gives
the performance professional an indication of the status of a player before training load is
applied. This also satisfies one of the other main objectives of screening, and that is to estab-
lish baselines, upon which deviations during the season can be measured.

It is considered prudent to repeat the screen in its entirety at the end of the season as
well (with any necessary adjustments given any injuries sustained during the season). This
can then be used as a means of prescribing off-season programmes. Dependent on time
and resources, it could be argued that the process could be performed mid-season as well to
ascertain any deviations from the preseason baseline.

It is becoming increasingly common in elite sport for an abridged screening process to be
completed on a daily or weekly basis, particularly for those injuries of greatest concern, and
using those tests that are most valid and sensitive to change. For example, in sports where
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groin injuries are of concern, or in an athlete with a recent history of groin injuries, a simple
adductor squeeze test can be performed prior to training. It is known that a fall-off in adduc-
tor muscle strength precedes a groin injury, and so this test can form part of a quick daily or
weekly screen.?? Other examples may be an assessment of shoulder rotation strength using
% or a slump test to assess
changes in neurodynamics. Fluctuations in these parameters can provide the performance

a handheld dynamometer as an indicator of shoulder function,?

professional with a clear indication of how the athlete is coping with training and competi-
tion load. Should there be a dramatic decline in these indices it can provide them with an
evidence-based incentive to change programmes prior to an overuse injury occurring,

Summary

Musculoskeletal injury screening can be a very useful tool in the worthwhile endeavour to
reduce injury burden in sport. We have presented a step-by-step framework for the develop-
ment of an intelligence-led risk assessment tool. It is aimed at examining for the presence of the
factors that should be of most concern to the performance professional. It does not, however,
seek to be the definitive assessment tool for every injury. It is primarily a method of highlighting
the areas of risk that require further attention paid to them. This method of filtering through
the vast array of injuries that could occur to focus on the injuries that the athlete is most suscep-
tible to will help inform effective management with the ultimate aim of injury risk reduction.

Case study

Eighteen-year-old female football (soccer) player in an elite development programme.
Nil relevant medical history but a past injury history of a left anterior shoulder disloca-
tion four months ago that resulted in three-month absence from competition following
a period of conservative management.

Step |: Generic warning index (GWI)

We have appraised the literature surrounding women’s football. It has revealed the four
injuries responsible for most time lost in the sport, which, along with concussion, forms
the basis of our generic warning index.

Area to target Based upon

Knee injury Knee ligament ruptures are responsible for most training time lost of
any injury in female football?*

Lateral ankle sprain Ankle sprains are the injury of highest incidence in female football?*

Hamstring injury Hamstring strains being the second-most prevalent injury in elite
female football and the most common muscle strain?®

Adductor-related Groin muscle strains are the second most common muscular injuries

groin pain seen in female football?®

Neurocognition Aiming to set a baseline for neurocognitive competency in the event

deficits of a concussive event throughout the season
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Step 2: Specific warning index (SWI)

Based upon our knowledge of the individual athlete’s non-modifiable risk factors, we
have been able to generate our specific warning index. For completeness, we have
included ACL injury risk, despite the fact that it is found in the GWL

Area to target

Based upon

Shoulder stability

Previous history of a shoulder dislocation.Very high

recurrence rates (89%) have been demonstrated in
individuals who sustained a traumatic anterior shoulder
dislocation aged 30 or less?’

Anterior cruciate ligament (ACL)

Increased risk of ACLI in female football players

compared to their male counterparts'

Step 3: Selection of valid and reliable tests

These tests have been chosen as the most valid and reliable indicators of the risk factors
identified for the injuries in the GWI and SWI.

Area of interest Test selected

Based upon

Ankle Knee-to-wall
measurement of ankle
dorsiflexion (DF) range

of motion

Star excursion balance
test

Knee Isokinetic profile of
hamstring strength at

300°/sec

Drop vertical jump

Hamstrings Isokinetic profile of
eccentric hamstring

strength

Adductors Supine goniometric
assessment of hip
internal rotation (hip and
knee positioned at 90°)
Adductor squeeze test

Active straight leg raise
test

Ankle DF ROM is a strong predictor of ankle
sprain?®

This test has been shown to be sensitive

in detecting those with chronic ankle
instability?

Female athletes who have suffered an

ACLI demonstrate hamstring weakness on
isokinetic testing®

A valid and reliable method of assessing
lower-limb biomechanics in female football
(soccer) players. It has also been shown to be a
predictor of ACL injury risk in female athletes?'

Shown to be positively correlated with
hamstring muscle strains?

Shown to be a valid indicator of hip ROM,
and reductions in internal rotation ROM
has been demonstrated to be a powerful
predictor of adductor injury risk??

Found to be able to discriminate between
athletes with and without groin pain®
Shown to have diagnostic value when
assessing adductor-related groin pain

(Continued)
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Based upon

Area of interest Test selected

Anterior Shoulder apprehension
shoulder and relocation test
stability

Neurocognitive Computerised

testing neurocognitive or digit-

symbol substitution test

Highly specific and sensitive test of anterior
shoulder instability

Shown to be a valid and reliable measure of
higher-order cognitive functioning following a
concussive event??

Step 4: Assessment of movement proficiency

These tests have been selected to give an insight into motor control and kinematic

competency in football-relevant tasks.

Test selected Rationale

Landing technique in vertical To quantify amount of hip and knee extension and knee

drop jump valgus, all of which have been shown to be key factors in
ACL injuries®'

Analysis of 45° and 90° To quantify the amount of femoral internal rotation and

cutting technique adduction when cutting, factors implicated in ACL injury risk

in female soccer players'

Overhead squat technique To examine dynamic lumbar spine control and technique in a
functional training task

Once this point is arrived at, we have developed a screening tool that 1s both sport-

relevant and individualised to the specific athlete in question. Depending on the results

of these tests, we then have an intelligence-led list of areas requiring in-depth assess-

ment and management.
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Chapter 7

Assessing and developing
the kinetic chain

lan Prangley

Introduction

The human body continues to achieve amazing athletic feats of precision, power and speed.
How does a baseball pitcher accurately throw a baseball at over 100 mph, a sprinter run 100 m
in under 10 seconds or a high jumper leap well over 2 m? At the highest level, what separates
the good from the great? Many of these answers can be found by exploring the concept of
the human kinetic chain.

The concept of the kinetic chain originated from a German engineering scientist named
Franz Reuleaux to describe how components of a system that are interlinked by pin joints can
be affected by movement of just one component. In sport, the kinetic chain concept is often
used when describing athletic movements, such as throwing, running and jumping. In theory,
throwing darts involves a kinetic chain, although it would be rare to hear this term used in this
context. The kinetic chain becomes of more interest in sports that involve powerful and/or
repetitive propulsion, either of the distal segment (a fist in boxing), an external object (throw-
ing a baseball) or of one’s own body (sprinting or jumping).

In this chapter we will uncover how the kinetic chain contributes to performance and
relates to injury. With regards to performance, the summation of forces and movement effi-
ciency will be presented as two primary outcomes of an effective kinetic chain. Further-
more, distribution of load over multiple joints has implications for injury prevention and will
be discussed extensively. Ultimately, those working directly with athletes need to be able to
appropriately assess and develop the kinetic chain, and therefore a significant section of this
chapter is devoted to this. Before delving into this, a brief introduction of the types of kinetic
chain movements are presented and discussed below.

Types and variations of the athletic kinetic chain

There are two types of kinetic chain movement patterns: push-like movement patterns and
throw-like movement patterns. Push-like patterns are more often used when shifting heavy
objects, such as a rugby union scrum, or where the distal segment is pushing against a heavy
resistance, such as when cycling. Throw-like patterns are used for developing high movement
speed, which is often transferred to an external object, such as pitching a baseball or kicking a
football. In throw-like patterns, proximal segments of the body accelerate the distal segments,
and finally contribute to the velocity of the object being thrown. This has also been referred
to as the ‘whip-like effect’ and the ‘proximal-to-distal sequence’.! Gross athletic movements
of running and swimming involve a series of kinetic chains in order to propel the body. In
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Table 7.1 Kinetic chain variations

Load on distal Mobility of distal Kinetic chain type Example

segment segment

No load Moveable Open Kicking a football

External load Fixed Closed Stance phase to push off
in sprinting

External load Moveable Combination Wrestling

all cases, the primary outcome is that there is a transfer of energy from one body segment to
another, resulting in the summation of forces.

An alternate classification of the different kinetic chain movements, specifically closed and
open chains, is also very commonly employed. The term ‘open kinetic chain’ refers to when
the distal segment is free to move, while the ‘closed kinetic chain’ refers to when the distal
segment 1s fixed, and force is produced against the fixed object in order to move the proximal
segments and therefore the body. However, these terminologies become confusing, particu-
larly when complex movements involve a combination of closed and open kinetic chains.

By considering variables of load and mobility of the distal segment, a more complete clas-
sification of kinetic chains is available. A summary of this classification with comparison to
open and closed kinetic chains is presented in Table 7.1.

Under this classification system, human movement is a product of open, closed or combi-
nation kinetic chains working either in isolation or simultaneously. A seemingly simple activ-
ity such as running involves both open and closed kinetic chains. The stance leg is a closed
kinetic chain resulting in propulsion, while the swing leg is an open kinetic chain movement.”
Similarly, passing a rugby ball while running involves an additional open kinetic chain in
order to propel the ball.

The effective and ineffective kinetic chain and performance

Top-level athletes provide the best examples of the human kinetic chain working effectively.
The ability to produce repetitive, powerful and energy-efficient movement is almost a pre-
requisite for success at the highest level in sport. Efficiency 1s the ratio of energy output to
input, and is therefore improved when the energy output increases relative to the input.? The
concept of kinetic chain power and efficiency applies to sports requiring power and speed, as
well as endurance-based activities.

Power-based sports demand an effective kinetic chain in order to transfer muscle energy
into a powerful movement. Think of the stock whip, which, when used correctly, results in
immense speed of the tip due to transfer of energy from the arm and down the length of
the whip. This is why world-class coaches and athletes spend considerable time refining tech-
nique in order to improve intermuscular coordination and optimise elastic energy storage
and release through the kinetic chain.

While movement technique is key to kinetic chain performance, equally important is the
need for well-developed basic physical attributes, such as balance, stability and strength. For
example a stable trunk is required for elite sprinting performance, and strong periscapular
muscles are important to provide a base for energy to be transferred effectively during a
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boxer’s punch. When a significant ‘energy leak’ is present, the movement speed is compro-
mised, and for the athlete to increase their power and speed, other muscles must be recruited
to a greater extent in order to make up for the energy leak in the system.

In endurance sports, conservation of energy through efficient movement is critical to suc-
cess. Leaks in the kinetic chain can be highly detrimental, as the musculature must work
harder to make up for the lost energy, accelerating fatigue and compromising performance.
An example of this is a long-distance runner with weak lateral stabilisers of the hip. During
the stance phase, energy is lost through this weak link in the chain, resulting in reduced run-
ning efficiency. Therefore this runner needs to expend greater energy in order to maintain
the same running speed of a highly efficient runner.

Psychology and tactics aside, when performing a desired movement, individuals who are
able to effectively transfer energy through the kinetic chain, with minimal leaks or wasted
energy, are the most likely to succeed. Coaches, trainers and physiotherapists who are experts
in a particular sport are able to visually assess this to a high level, and it is generally discussed
in terms of technical proficiency. Methods to assess the kinetic chain will be discussed in
greater detail later in this section.

An efficient kinetic chain is key to performance.

Roger Federer’s ability to produce almost ‘effortless’ movement and stroke power
is well regarded amongst tennis professionals. This is a reflection of his ability to use
his kinetic chain effectively to produce power with minimal wasted energy in both
stroke production and movement around the court. By producing power without
unnecessary energy loss, he has a significant advantage when playing less technically
proficient opponents during matches, where fatigue could be the determining factor
in the result. Furthermore, considering that in Grand Slam tournaments players are
required to win seven matches in two weeks in order to win the tournament, con-
servation of energy becomes all the more important, to maximise recovery prior to
the next match.

The effective and ineffective kinetic chain and injury

The kinetic chain has an extremely important association with injury susceptibility, and the
study of biomechanics has been used extensively to identify movement faults that result in
mjury. Inefficient movement mechanics lead to injury in the following ways:

Accelerated muscle fatigue

As previously discussed, energy leaks in the kinetic chain can lead to accelerated muscle
fatigue. Amongst other effects, fatigue has been shown to reduce proprioceptive sense in
shoulders,**° alter scapulothoracic and glenohumeral motion,’” increase tibial translation
in healthy knees,? reduce postural control’ and change impact loading characteristics when
running.'® Fatigue, therefore, features as a significant injury risk factor in endurance-based,

repeat-effort sports, which is why optimising the kinetic chain is so important.
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Excess stress on links (joints) in the chain

Dysfunctional movement mechanics can increase stress on joints and soft tissues of the
kinetic chain. In particular, poor utilisation of proximal segments to generate or transfer
energy can place greater stress on distal segments. For example, elbow pathologies in tennis
are often the result of technical problems on the serve, particularly a lack of an effective
leg drive and a ‘falling away’ from the ball, resulting in the elbow joint taking on greater
valgus forces. In the same manner, baseball research has shown correct pitching biome-
chanics reduces elbow valgus load and improves pitching efficiency.!! It is therefore of no
surprise that optimising the throwing kinetic chain is vital in the rehabilitation of shoulder
and elbow injuries. In the lower body, excessive rear foot eversion and hip adduction has
been shown to be a risk factor in people with patellofemoral joint pain,'? demonstrating
how movement aberrations at proximal and distal linkages can produce abnormal forces
and stresses on a joint.

Whilst the kinetic chain is often discussed in relation to producing movement, the concept
can also be extended to explain how the body can absorb forces during movement decelera-
tion, such as landing from a jump. Deceleration of the body and the eccentric muscle action
can place excessive forces on tendons, making the athlete susceptible to the development of
tendinopathies. Optimising the use of the kinetic chain to absorb forces across multiple link-
ages will reduce the potential for overload. Stiff landing strategies and altered hip sequencing
upon landing have been shown to be more present in athletes with patella tendinopathy. !>+
In this situation the kinetic chain is not used effectively to decelerate the body in such a man-
ner that forces are spread across anatomical structures. Instead, the patterning results in over-
load of the quadriceps/patella tendon and increases injury susceptibility. This is discussed in
greater detail in chapter 16.

Clearly, then, optimising the human kinetic chain is an important component in injury
prevention and rehabilitation. The following sections outline the means by which the kinetic
chain can be assessed and developed.

An efficient kinetic chain is key to preventing injury: Continuing from the previous
example regarding Roger Federer and his extremely efficient movement mechanics, it
is unsurprising that he has completed a career almost entirely injury-free. So far in his
career, he has not missed any of the four grand slam events in any year since he began
competing in them in 1999.%

Assessing the kinetic chain

We have established the relationship between biomechanics, performance and injury. It
is therefore intuitive that the ability to assess the kinetic chain becomes very important
for the coach, trainer or physiotherapist in order to improve performance or reduce
the risk of injury/re-injury. Assessing the kinetic chain should include a three-pronged
approach involving field-based performance testing, movement analysis and musculo-
skeletal screening.
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Performance measures

As a starting point, we can use simple performance tests as a means of assessing the output

of the kinetic chain. It is important that the tests replicate the key movements of the sport.

While these tests will be influenced by factors such as gross muscle power, a significant reduc-

tion in performance relative to previous performance measures and current power profile

may indicate a dysfunction within the kinetic chain. Table 7.2 describes some common tests
of kinetic chain performance.
While undertaking these tests is most commonly done when the athlete is fresh, it

is also worth considering conducting them when the athlete is fatigued. In sports that

require repetition of the same movements over a prolonged period, neuromuscular

Table 7.2 Tests of the kinetic chain

Field test Aspects of kinetic chain Example of kinetic chain ~ Related sports
analysed breakdown

Medicine ball Transfer of energy from Insufficient leg and hip ~ Sports requiring

sidearm throw ground — leg drive — trunk drive, reducing power rotational throwing

distance rotation — throw of the throw power, such as tennis

Overarm throw
distance

20 m sprint time

50 m kickboard

time

Kicking distance

Single leg hop for
distance

Transfer of energy from
ground — leg drive — trunk
extension/flexion — throw

Transfer of energy from

ground — foot/ankle — knee
extension — hip extension —
trunk — forward propulsion

Transfer of energy from
trunk — hips — feet/ankles —
forward propulsion and lift

Transfer of energy from
trunk — hip flexion — knee
extension — ball

Transfer of energy from
ground — foot/ankle
plantarflexion — knee
extension — hip extension —
forward & upward propulsion

Poor spine extension
resulting in reduced
distance over which the
ball can be accelerated
during the throw

Poor core and pelvic
stability — insufficient
transfer of energy to
forward propulsion

Reduced ankle
plantarflexion range to
maximise propulsion
and lift

Poor stance leg
stability, reduced hip
extension, reduction in
the summation forces
that contribute to foot
contact speed

Poor hip stability and
hip extension reducing
transfer of energy.
Reduced distance
achieved compared

to other side may be
indicative of this

(groundstrokes), judo,
rugby

Overhead throwing
sports, such as
cricket, baseball,
softball, javelin,
badminton

Sports requiring
maximal acceleration
(soccer, hockey, bob
skeleton, baseball)

Swimming

Soccer, rugby,
American football

Power-based sports,
such as sprinting and
long jump
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fatigue can have detrimental effects on the kinetic chain. By comparing performance in
these tests while under fatigue as well as fresh, the decay in kinetic chain competency
can be assessed.

Biomechanical analysis

Whilst the undertaking of regular biomechanical analysis would be wonderful, we know
that in practice this is often not feasible. In the immediate coaching environment, video
motion analysis tools can be utilised frequently and contain features to analyse movements
and trajectories, calculate speeds and demonstrate key techniques and positions. This type of
technology is invaluable to the coach when assessing athletic kinetic chain performance. Fur-
thermore, continued technological advancement is making this process less time-consuming
to perform, particularly with the trend towards the use of mobile devices and smartphones to
perform the video analysis with several free apps now available to download. As the field of
biomechanics is very broad, we will not discuss it any further, and we will assume that the
benefits of biomechanical analysis in the context of the kinetic chain is well appreciated.

Musculoskeletal screening

Elements such as muscle strength, control, flexibility and joint range of motion may posi-
tively or negatively impact on the kinetic chain and therefore need to be assessed. Musculo-
skeletal screening is a means for doing this and is a valued component of athletic preparation
in almost every sport. This is discussed in greater detail in chapter 6.

Movement-based screening tools that examine movement quality provide a good starting
point for assessing the kinetic chain, as it is reasonable to assume that, if the athlete 1s unable
to maintain appropriate alighment and joint positioning in a controlled and slow manner,
then this will be accentuated during high-velocity movements, resulting in poor biomechan-
ics, reduced power production and energy leaks through the kinetic chain.

Beyond these movement screens, more focused assessment of joint ranges and individual
muscle strengths should follow, to more accurately identify specific deficiencies that have
potentially detrimental consequences for athletic movement mechanics. For example, in
baseball, a difference in passive hip range has been associated with various pitching biome-
chanical parameters of the hips and pelvis.'® Table 3 outlines some examples of common
musculoskeletal findings and their impact on biomechanics and injury.

The musculoskeletal screening process forms an integral part of assessing the function of
the kinetic chain and highlights specific deficiencies that need to be addressed in order to
improve kinetic chain performance and reduce injury risk.

While undertaking performance measures and biomechanical analysis are accepted
assessments that can help determine performance success, often less well appreciated is
the value of musculoskeletal screenings. Screenings can identify issues that may place an
athlete at risk of injury, but equally, they may also help determine athletic performance.
Therefore, it is very important that the practitioner has an excellent understanding of
the demands of the sport the athlete participates in, and can relay the information back
to the coaches from both an injury-prevention and performance perspective.
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Table 7.3 Common screening findings and relationship to injury

Screening finding Impact on the kinetic chain and injury implications

Reduced ankle dorsiflexion * Increased risk of patellar tendon injury due to reduced
absorption of load'”

Reduced knee flexion displacement due to reduced
dorsiflexion displacement at the ankle, resulting in greater
ground reaction forces. Implied increased risk of ACL injury
Reduced dorsiflexion displacement causing decreased
quadriceps activation, increased medial knee deviation

and knee valgus. Implied increased risk of developing
patellofemoral joint pain'?

18

Proximal hip weakness (especially * Increased knee valgus on single squatting and landing. This
hip abductors) has implications for development of patellofemoral joint
pathology, ACL tears and ITB syndrome?’

Altered glenoid positioning and mechanics possibly increasing risk
of developing rotator cuff impingement and labral pathology?'

Scapular dyskinesis

Developing the kinetic chain

Once deficiencies in the kinetic chain are identified, the next step is to design interventions to
correct the faulty mechanics. The interventions selected will depend on the sport, the individual
athlete needs and the situation (i.e. competition, training or rehabilitation phase). The coach,
strength and conditioning coach and physiotherapist should all contribute during this stage.
Quite often, the intervention is left to the coach, as deficiencies in the kinetic chain are lik-
ened to specific technical issues, which is considered the coach’s expertise. However, strength
and conditioning coaches can have a significant impact on the development of the kinetic
chain by utilising full body, multi-segment exercises in athlete preparation programs. In a
similar manner, physiotherapists can contribute significantly, particularly where musculo-
skeletal deficiencies are impacting on movement mechanics. Furthermore, during late stage
rehabilitation, programs integrating whole body exercises that utilise the kinetic chain are
important as steps towards returning to full training and competition. It should go without
saying that a strength base is critical to the success of any programme looking at integrated
kinetic chain enhancement, and so we will not discuss this rationale any further. Instead, the
following sections will look at different means by which the kinetic chain can be developed.

Training movements, not muscles, and sport-specific training

There has been a recent shift in philosophy amongst many strength and conditioning coaches
to ‘train movements, not muscles’; as part of the functional training approach. Established
coaches are less likely to prescribe strength and power exercises that target only one muscle
group, such as the quadriceps on the knee extension machine. This is not to say that these
exercises are ineffective, as they may be critical during such times as early stage knee rehabili-
tation. However, they are far less effective for developing the kinetic chain.

Whilst specificity of training is desirable, it is important to recognise that some sport-
specific interventions may actually be detrimental, and therefore care needs to be taken by
the coach when prescribing these types of exercises. Intuitively, we would not ask a golfer
to train with a particularly heavy club in order to improve club head speed, nor a sprinter
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to train in mud. The reasoning behind this is that the exercise with its subtle biomechanical
variations may negatively impact on the athlete’s technique and therefore be counterproduc-
tive. Excessively loaded sled pulls are a good example. Many sprint coaches employ this drill
due to its highly specific nature. However, the concern with this exercise is that too much
resistance may disrupt sprint mechanics, with suggestions that a low load of 12.6 per cent of
body weight is best used to minimise change in sprint kinematics.??

Whilst this may be true particularly for maximal velocity training, very recent research has
demonstrated that acceleration over 5 m is better trained with higher loads of 30 per cent
of body weight.?® This finding is not unexpected, as the large power output required during
initial acceleration phases may be better developed with high load training.

The key point is that when choosing sport-specific drills, it is important that the coach is
confident that the drill will improve and not impair performance of the kinetic chain move-
ment. If this is doubtful, then it may be better to prescribe exercises of a less specific nature
that still target kinetic chain function. Weightlifting is one such training modality and is dis-
cussed in the following section.

Weightlifting to improve the kinetic chain

One highly effective method to develop power in the kinetic chain is through the use of
weightlifting, which is commonly, but incorrectly, referred to as Olympic lifting. Weightlifting
includes the snatch and clean and jerk, as well as their training derivatives.

The defining difference between weightlifting and other methods of strength training is
that they are performed in an explosive, high-speed manner and deceleration at the end of
the lift does not occur. During the traditional back squat, deceleration must occur at the top
of the squat. In comparison, the clean involves deceleration only during the catch phase, and
the acceleration phase engages the calf muscles such that the feet may leave the ground, even
under high load. Triple extension of the hips, knees and ankles, a critical requirement for
lower-body power and propulsion, is a key feature of weightlifting and is therefore an excel-
lent means of training the lower-body kinetic chain. To support the theory, practical research
has demonstrated that a ballistic lifting program that includes weightlifting is superior to a
traditional resistance training program for inducing gains in vertical jump height.?+®

One of the downfalls of weightlifting is that the lifts are difficult to learn and require con-
siderable practice and feedback. Additionally, it is considered by many that weightlifting places
the athlete at risk of injury, particularly if undertaken with poor technique.?® However, with
correct technique and supervision, weightlifting is considered a safe training modality.2”-2

Plyometric training to improve the kinetic chain

In the elite athlete with a well-developed strength base, plyometric training is an excellent
means to improve kinetic chain functioning. As well as simulating favourable muscle adapta-
tions, these exercises aim to optimise the use of elastic properties of tendons for the storage
and recoil of energy. This can help to improve the transfer of energy through the kinetic chain,
leading to higher power output and efficiency. Even in well-trained endurance runners, a period
of plyometric training can improve efficiency and reduce the energy cost of running?’

Training the core to improve the kinetic chain

The musculature around the trunk and pelvis, commonly referred to as the core, plays a
vital role in the generation and transfer of energy in the kinetic chain. Poor active stability
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in this region impairs the ability of the pelvic girdle to transfer loads between the trunk and
legs. When sprinting, ‘stiffening” of the core is essential to transfer energy from the hips for
propulsion and to avoid ‘energy leaks’.*® Furthermore, its combined stabilising/moving func-
tions are key to transferring energy from the legs to the upper limb during throwing actions.
Deficiencies in strength or timing of core musculature can result in unwanted movement
through the trunk and a reduction in performance.

The ability for the core to effectively transfer load can be assessed through a variety of
tests. For example the active straight leg raise (ASLR) is a reliable test to check the quality of
load transfer from the trunk to leg.®! Whilst we feel that this is a very helpful test in the ath-
letic population and is particularly useful in individuals with a history of low back, pelvic and
sacroiliac joint (SIJ) dysfunction, most research into its use has been on post-partum women
and therefore care must be taken when applying these same results to elite athletes.

The hip and pelvis is another very common area where energy may be lost through the
kinetic chain. The lateral stabilisers of the hip —in particular gluteus medius — are a common
area of weakness in athletic populations. Most athletic movements involve propulsion or stabi-
lisation through one leg, such as the stance phase during sprinting, the stance leg during a kick
in tackwondo or a high jumper’s leap, and therefore large forces must be transferred effectively.
To assess the integrity and function of the lateral stabilisers, observation of posture and muscle
size, as well as functional movement and strength testing, is recommended.*? In athletes, assess-
ment of the single leg squat and hop is effective at assessing any strength deficiencies of the
gluteal muscles that may be a source of energy leaks. Medial deviation of the knee, hip adduc-
tion and dropping or hitching of the pelvis on one side are indicative of weaknesses.

Flexibility training to improve the kinetic chain

Both joint range of motion and muscle length will have an impact on athletic movement and
must be considered in the development and optimisation of the kinetic chain. The degree of
flexibility needed will largely depend upon the movement demands of a sport. Some sports
demand greater flexibility in particular body regions and muscles, and less in others. For exam-
ple a swimmer will require large range of motion through the shoulders and thoracic spine,
whilst an ankle dorsiflexion limitation may be of less concern. Therefore, once the demands
of a sport are well understood, it is then a process of screening the athlete to identify where
deficiencies are, and implementing a programme to improve these areas. Of course, not all
inflexibilities are easily rectified, particularly structural limitations, such as a fixed block in the
hip that limits its ability to internally rotate. In these cases, it is important that this information
1s conveyed to coaches so they understand that the impact of these inflexibilities on the kinetic
chain cannot be rectified. The topic of flexibility is covered in more depth in chapter 13.

Technical correction to improve the kinetic chain

Through technical correction, coaches often attempt to ‘fine-tune’ an athlete’s kinetic chain
segments and thus propulsion of an object, limbs or the body. To demonstrate, consider the
tennis athlete who is failing to achieve the cocking position early enough on the serve. This
1s commonly referred to as the ‘trophy’ position, and when obtained at or prior to leg drive,
results in the arm being driven back into external rotation, as the leg drives the body upwards
to the ball (see Figure 7.1). The leg drive therefore contributes significantly to the elastic recoil
of the throwing arm (see Figure 7.2). However, if the athlete fails to get the arm in the trophy
position, regardless of how powerful the leg drive is, it will not contribute as significantly
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Figure 7.1 Samuel Groth, who recorded the fastest ever tennis serve in May 2012, in the cocking or
‘trophy’ position of the service action
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Figure 7.2 The leg drive has helped to drive the throwing arm into external rotation therefore assisting
the elastic recoil during the serve

Courtesy of Tennis Australia
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to the throwing action. Energy is not transferred optimally through the kinetic chain and
therefore requires technical intervention. The coach may address this by having the athlete
alter the take-back speed or path in order to find the appropriate position just prior to the
initiation of leg drive.

Technical correction should typically be undertaken with the assistance of video analysis
tools that are widely available on the Web or as mobile device applications. They allow the
coach to accurately determine the technical issue that is affecting the kinetic chain. Further-
more, ongoing assessment and feedback is possible to assist the coach and athlete during the
process of change.

There are many coaching interventions that can lead to an improvement in kinetic
chain function. The assessment of each athlete, combined with an understanding of
the demands of their sport, position or style of play is critical to ascertaining which
intervention/s will prove to be most effective. This can only be achieved through a
co-ordinated approach of the coach, strength and conditioning coach, physiotherapist
and the athlete.

Asymmetries and imbalances

It is the natural response of the human body to adapt to athletic demands by increasing
mass, developing strength or altering flexibility of soft tissues placed under stress. Due to this,
athletes may develop asymmetries or imbalances of corresponding soft tissues, such as bone,
muscle or tendon. For the purposes of clarity, ‘asymmetries’ refers to side-to-side differences
in strength, size, flexibility, range of motion or positioning of the same anatomical structure.
‘Imbalance’ indicates abnormalities in predetermined acceptable ratios of muscle strength
or flexibility for agonist and antagonist muscles.

Asymmetries

In the majority of cases, asymmetries are a natural and essential by-product of an athlete’s
training and competition demands. As an example, there are significant differences in single
leg jump performance and thigh circumference in snow boarders due to the asymmetrical
nature (rear versus front foot) of the activity.*® Furthermore, with ongoing participation in
asymmetrical sports, it may prove difficult to reverse or correct musculoskeletal asymmetries.

From a performance perspective, a study on Australian footballers demonstrated a
reduction in kicking accuracy in those with a side-to-side asymmetry in lower limb mass.?*
It was implied that a lower lean muscle mass of the supporting leg might affect kicking
accuracy due to a reduction in stability of the supporting leg when executing the kick. In
this case, interventions to rectify the asymmetry are warranted. Furthermore, there are
asymmetries that are a proven risk factor for injury, such as hip rotation range of motion
asymmetries and low back pain in rotational sports.*® These asymmetries may have devel-
oped due to postural or mechanical dysfunction or poor training methods, or have genetic
origins, and interventions to correct these asymmetries should be implemented, or, at least,
accommodated for.
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However, the relationship of asymmetries to injury is not always clear. If an asymmetry
1s not of close proximity to the spine, or is not considered to have a bearing on the spine,
then it would be unlikely to be predictive of injury. However, even asymmetries of the soft
tissues of the spine have produced conflicting results as it relates to injury predictability.
An example of this is the increase in mass of quadratus lumborum in the dominant side
of cricket fast bowlers. Initially, presence of an asymmetry was shown to be associated
with lumbar injury.® However, more recent research has been conflicting, demonstrating
that those fast bowlers who remained uninjured over the course of a cricket season actu-
ally had larger asymmetries.’” The reasons for the conflicting results may be attributed to
differences in the methods and timing of data collection. Significant asymmetries of the
quadratus lumborum, lateral abdominal wall, iliopsoas and gluteals are also present in the elite
tennis player but not proven to be an injury risk factor.*®3? Similarly, asymmetries in psoas
major and quadratus lumborum muscle size are noted in Australian Football League (AFL)
players, and do not appear to be related to the number of injuries.*’ In summary, there
is potential for asymmetries of muscles attaching to the spine to cause injury, but if the
asymmetry occurs naturally due to appropriate sport-specific training, then it should not
be of a major concern.

Asymmetries of the upper limb in the throwing athlete

Unilateral sports, such as racket and throwing sports, are prime examples of how the demands
of the sport can lead to asymmetries. In tennis players, the dominant arm has been demon-
strated to be of significantly greater volume when compared to the non-dominant arm due
to muscle hypertrophy.*! This is a natural development and the asymmetry should have no
impact on injury. In fact, the increase in muscle mass of the forearm is an adaptation to the
sporting demands and therefore will be more likely to be protective of injury.

One of the more heavily researched asymmetries in unilateral overhead throwing athletes
is the presence of glenohumeral internal rotation deficiency (GIRD) of the throwing arm.
Previously, it was accepted that the internal rotation deficit was largely due to tightening of
the posterior capsule that occurs naturally due to microtrauma during the follow-through
phase of the throw.*> However, more recent research has revealed that the internal rotation
deficit can be attributed to torsion of the humerus that occurs gradually over a long period of
time via the repetitive forces generated during the acceleration phase of the throw.**** There
is still a substantial amount of research required to provide definitive answers regarding
the implications of this asymmetry. However, for throwing athletes, the increase in shoulder
external rotation could be deemed favourable from a performance perspective. A more in-
depth discussion on this is provided in chapter 12.

Scapular positioning and function is regarded as an important component in preventing
injury and rehabilitating the injured shoulder. In a clinical setting, the dominant scapula
is typically assessed with reference to the non-dominant side or the clinician’s opinion on
the ‘ideal’ position and function. In volleyballers, tennis players and baseball pitchers, the
dominant scapula has been shown to rest in greater anterior tilt and internal rotation and
may be considered as a normal ‘adaptation’.*> Although research has demonstrated differ-
ences in scapula function between injured and non-injured shoulders, there has yet to be
convincing evidence of scapula dysfunction as a cause of injury.*® This adds some weight to
the argument that subtle differences in positioning and function are a normal adaptation
to the demands of the sport.
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In summary, side-to-side asymmetries are a natural and potentially favourable adaptation
to athletic demands and, for the most part, have little impact on injury risk. It is up to the
clinician to determine whether an asymmetry is of concern and warrants addressing, or if
indeed it can be addressed while the athlete continues to participate in the sport. Factors such
as the nature of the sport, injury history and extent of the asymmetry, as well as research or
anecdotal supporting evidence, should all be considered when making this decision.

Imbalances

Asymmetries of the same anatomical structure are easy to define. Imbalances, on the
other hand, are more difficult to identify, as they require an ‘acceptable’ agonist/antago-
nist ratio to be determined. Additionally, there is still much argument regarding the pre-
dictive nature of imbalances, and whether they are, in fact, just normal adaptations to
sporting demands.

A reduction in strength of the hip adductors relative to abductors is suggested to be a
predictor of adductor muscle strains in ice hockey players.*” In soccer players, this same
reduction is also present in those with groin pain, and rehabilitation should be directed
at restoring an ideal adduction to abduction ratio of 1.05.*® Interestingly, this ‘ideal’ ratio
differs from the 0.95 ratio calculated in the ice hockey players, and is most likely due to the
differing demands of the sport. Therefore, care should be taken when applying the results
of studies to other sports, as the demands of each sport may result in small differences to
strength ratios.

Reduced strength of the hamstrings relative to the quadriceps has also been proposed as a
risk factor for hamstring tears. While some studies have proven that this is the case,** there
is also evidence to refute this claim.’! This ratio is also of interest as a risk factor for ACL
injury. A reduction in hamstring to quadriceps strength ratio has been shown to be predictive
of ACL injury in female athletes.*?

In the throwing athlete, it is well established that the shoulder internal rotators are sig-
nificantly stronger relative to the external rotators of the shoulder when compared with
individuals from the general population, or the non-dominant arm.>*3%% It is suggested that
this ratio imbalance places the throwing shoulder at risk of injury and therefore should be
targeted in rehabilitation and preventative programmes. However, substantial evidence of its
predictive capacity is lacking with only one study providing some proof of this in baseball
players.’® Anecdotal case studies of professional tennis players with long-standing weakness
of the mfraspinatus due to suprascapular nerve damage paint an interesting picture. Despite the
large shift in the strength ratio favouring internal rotation strength, there does not appear to
be a difference in both performance and shoulder injury susceptibility when compared with
other players without wnfraspinatus strength deficits.

The implication of soft tissue imbalances and asymmetries on athletic performance
and injury remains unclear. The repetitive and often highly asymmetrical movements
of many sports often lends to the natural development of asymmetries and imbalances.
In many cases, this is purely an adaptation to the physical demands and therefore pro-
tective of injury. However, certain imbalances and asymmetries, particularly those that
have not arisen from sporting demands, may result in abnormal biomechanics or kinetic
chain disruptions. In these cases, the athlete is placed at a high risk of injury. Table 7.4
demonstrates a number of known asymmetries and imbalances and their potential rela-
tionship to injury.
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Table 7.4 Asymmetries/imbalances and relationships to injury

Asymmetry/lmbalance Relationship to injury

Concentric hamstring: quadriceps strength Reduced ratio increases risk of hamstring injury
ratio at 180 deg/sec in sprinters*

Concentric hamstring: quadriceps strength Reduced hamstring strength but not quadriceps
ratio at 300 deg/sec strength relative to matched male controls

increases risk of ACL injury in female soccer and
basketball athletes®?

Trunk flexor & extensor strength Teenagers with LBP have stronger flexors and
weaker extensors compared with controls®’

Hip rotation ROM Side-to-side asymmetry is prevalent in those with
lower back pain in rotation sports3
Reduced lead hip medial rotation compared with
non-lead hip in golfers with LBP>®

Shoulder internal and external rotation Reduced ER:IR ratio is predictive of in-season
strength shoulder injury in baseball pitchers®®

To assess whether an imbalance or asymmetry is detrimental to performance or places
the athlete at risk of injury, it is important to consider the demands of the sport. Never
assume that an asymmetry will necessarily lead to injury. In fact, the opposite may
actually be the case. However, if the asymmetry results in altered or suboptimal func-
tioning of the kinetic chain, and is changeable, then interventions to correct them are
certainly warranted.

Summary

The kinetic chain concept is an excellent framework for describing complex athletic move-
ments. Using this framework allows those working in athletic development to assess the rela-
tionships of the components of muscle power, flexibility, stability, balance, intermuscular
co-ordination and elastic energy to producing energy-efficient, powerful and accurate move-
ments. Once the interactions of these components are understood and assessments have
taken place, the coaching team can put together a development plan for the athlete. Refin-
ing technique, correcting detrimental imbalances, improving flexibilities of key areas and
strengthening ‘links” within the chain become the starting point. As these building blocks
are put in place, and the athlete becomes robust, training for power through weightlifting,
plyometrics and sport-specific exercises will develop the kinetic chain to the highest level.

Notes

1 Hirashima, M., Kadota, H., Sakurai, S., Kudo, K., & Ohtsuki, T. 2002. Sequential muscle activity
and its functional role in the upper extremity and trunk during overarm throwing. Journal of Sports
Sciences, 20, 301-310.
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Chapter 8

Assessing athletic qualities

Nick Winkelman

Introduction

The assessment of athletic qualities is one of the most important aspects of a comprehensive
athletic development model. Objective assessments provide an integrated understanding of an
athlete’s current physical capabilities and the underpinning relationship of each unique qual-
ity being tested. This in turn allows for the development of a physical profile for each athlete.

Each athletic profile is based on a series of assessments that measure distinct movement
qualities with common strength and power needs. This allows us to:

* identify performance deficits

*  prioritize the training process

* identify talent

*  discriminate between playing ability based on physical competencies
*  monitor player readiness

*  provide return-to-performance (RTP) objectives following injury.

Each profile represents a unique athletic signature that is anchored against normative
information. Norms can be based on an individual’s current capabilities, where the profile
represents changes from one testing session to the next. This is valuable when population
norms are not available and we want to identify if training is making effective changes to the
athlete. Norms can also be based off specific populations (e.g. sport, age and position) where
performance capabilities are represented in relation to a group of individuals that exemplify
a standard.

In both cases, the results are used to drive the prioritization within the training process. It
should be noted that this is a very linear approach that assumes all variables being measured
are of equal importance to performance. More complex models can be generated to account
for weighted importance of certain variables over others. This discussion is beyond the scope
of this chapter but is important for the overall understanding of athletic profiling

Every athletic profile should be relevant to sport and position. When determining which
qualities are most important for sporting performance, we should consider primary contrib-
uting factors and their relationship to both each other and the performance. If the assess-
ments selected do not capture the full scope of the sport and position needs, then gaps may
exist when trying to identify performance capabilities and RTP readiness.

The inadequacies of our RTP criteria have challenged us to re-evaluate the way we
assess athletic qualities. A shift from the reductionist point of view to an integrated systems
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approach to assessment is warranted. An integrated systems approach looks at phenomenon
from a multifaceted standpoint and examines the interrelationship of variables across various
conditions. Integrated models need to consider all underpinning strength and power quali-
ties, movement qualities, relevant environmental factors and associated cardiovascular needs
of the sport and position.

Based on the scope of this chapter, the following sections will discuss relevant strength,
power, sprinting, agility, acrobic fitness and anaerobic fitness assessments as part of an inte-
grated performance and RTP testing model. Considerations for performance and therapy
will be discussed. While anthropometric, movement screening, and cognitive testing are not
discussed, the inclusion of such assessments play an equally important role in generating a
comprehensive athletic profile.

Maximal strength

Strength is critical for sporting performance and injury resilience. The ability to gener-
ate large forces in the correct direction is an essential aspect of athletic performance.
Specifically, the expression of force relative to body weight is a primary determinant of
movement speed.

There are many ways to assess the force generating capabilities of an athlete, but in all
cases, the measure of interest is maximal strength. Maximal strength can be defined as the
maximal voluntary contractile force the neuromuscular system is capable of producing in a
single effort, irrespective of time.!

The importance of maximal strength can be seen in the strong correlations to sprinting
speed,? agility® and jumping® and the role it plays in RTP following injury.>%

Maximal strength is classically assessed by having an athlete perform a one-repetition
maximum (1RM) on a movement of interest (e.g. bench press). Relative strength can then be
calculated from the 1RM by dividing by the individual’s body mass (BM) in kilograms (i.e.
1RM/BM). Protocols to directly test IRM will use incremental loads that go from low to high
with adequate rest between sets until a final repetition maximum is achieved.” An alternative
to the direct testing of a IRM to assess maximal strength is the prediction of a IRM based on
a higher repetition structure. Research has shown that the best prediction equations are based
on performing 4-6 repetition maximums.?® This is commonly used in an effort to avoid the
perceived injuries that may be caused by 1RM testing and can be less time consuming when
dealing with a larger group of athletes.

Rate of force development

While maximal strength and the ability to generate large forces are important, of equal
importance is the rate at which force can be generated. From a testing standpoint maximal
force is exhibited at 2300ms, ' whereas sporting type movements including sprinting,!! jump-
ing'? and cutting occur in <250ms.
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By definition, rate of force development (RTD) is the slope of the force-time curve, where
the change in force is divided by change in time (AForce/ATime).!?

The RFD at the onset of a movement has been termed starting strength'* and is measured
during the first 0-50ms of a movement action, whereas, the point where peak RFD occurs
has been termed explosive strength and is measured at 50-200ms of a movement action.!®!
RFD is measured using a force platform (FP) or isokinetic dynamometer (IKD) across a vari-
ety of movements. The isometric mid-thigh pull is a common exercise used to assess lower
body RFD and maximal force using a force platform, while isometric leg extensions are com-
monly used to assess lower body RFD using an IKD. 6

From an RTP standpoint, RFD is an important measure to examine. Research has shown
that following anterior cruciate ligament (ACL) reconstruction surgery, elite soccer players
demonstrated a recovery in peak force six months post-op, but RFD at 30 per cent, 50 per
cent and 90 per cent of maximum voluntary isometric contraction (MVIC) only achieved
80 per cent, 77 per cent and 63 per cent of pre-injury levels.!” By 12 months both MVIC: and
all RFD values achieved or exceeded 90 per cent of pre-injury levels. This provides us with
the understanding not only that an athlete needs to regain maximal strength, but also of the
specific strength qualities represented by improved RFD capabilities.

Maximal power

The expression of maximal power is one of the most important determinants of athletic
performance. Power is a function of an athlete’s ability to generate force and velocity against
a given load (i.e. power (watts) = force X velocity). By definition, maximal power can be consid-
ered the highest wattage an individual can generate at a given load during a specific move-
ment (e.g. power clean).

Similar to maximal strength, there are direct and indirect measurements of maximal
power. The primary tools used to directly measure maximal power include linear position
transducers (LPT) and FP. The LPT can accurately measure displacement and is a valid
measure of velocity, while the FP can accurately measure ground reaction force (GRF). Fur-
ther, power can be measured across a range of movement and exercise types, including:
(a) plyometrics (e.g. jump squat), (b) ballistic exercises (e.g. bench throws), and (c) Olympic
lifts (e.g. power snatch). All of these exercise types can be used in concert with an LPT, FP or
a combination of both measurement tools.

When assessing maximal power, it is very common to identify the load that optimizes
maximal power production. Specifically, the load that optimizes maximal power is likely
dependent on training level, training modality and specific movement.

Maximal power is commonly achieved between 40 and 60 per cent of 1RM,'®!9 but
it should be noted that loads as low as 10 per cent of 1RM have been shown to elicit
maximal power in untrained individuals.?’
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To identify the load that optimizes maximal power, the assessment of a power profile
is often recommended. The literature supports the use of weightlifting,?! ballistic exer-
cises'®! and plyometrics?? as appropriate exercise modes for this type of assessment.
Specifically, athletes will perform the identified exercise under a range of low load and
high load conditions. This data provides critical insights around the training loads that
an athlete should focus on to improve their overall power production capabilities relative
to sport and position.

While the direct assessment of power qualities is ideal, this is not always practical based
on equipment, time and space limitations. Therefore, jump and hop assessments are com-
mon field tests that provide an indirect measurement of power characteristics. Moreover,
jump- and hop-based assessments allow for a more specific assessment of movement within
the context of the sporting environment (i.e. field or court).

Jump and hop assessment

Jump and hop assessment