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FOREWORD

his is an exciting chapter in the history of pro-
T active health through performance. We have
arrived at this point in history through a pro-
gression that is true of nearly any space. First, there is
the identification of need and the science and research to
further define and understand the systems involved, then
specification into deep subsystems. Next comes sharing
through educational mediums in the various disciplines,
market awareness, applied career pathways, outcome data,
and leaders emerging in each area of expertise. A struggle
ensues to determine which career discipline is most pow-
erful, followed by stagnation through isolation, until the
next-generation questions why we are doing this in the first
place: “Isn’t this about helping people achieve their optimal
health and performance?” they ask. “And aren’t all these
systems working in concert within each of us?”

The Functional Training Handbook (FTH) is posi-
tioned as the breakthrough book which bridges the gap
between rehab and prehab through performance, acting as
the foundation to the next generation of care and under-
standing. FTH covers a broad spectrum of populations,
from the developing child learning basic movement literacy
to elite athletes, “weekend warriors,” and the aging popula-
tion. When you look at the All-Star team of contributors,
two things will strike you. First, this is a multi-disciplinary
group of internationally respected expert practitioners who
not only research but, more importantly, apply these meth-
ods in the most demanding and measurable environments,
from post surgery to professional sports. The second thing
you will notice is an impressive performance by the FTH
Editor, Dr. Craig Liebenson, who was able to bring this
team of experts together and organize their vast knowledge
into one integrated and functional approach for the readers’
benefit. FTH demonstrates the power of collaboration for
the greater good of our respective fields.

Before you dive into FTH, be sure to set aside any
preconceived notions, read the chapter authors’ back-
grounds, and allow yourself to read their chapter with
their perspectives in mind. Seek to understand how they

are looking at the problem and helping to solve it. I
encourage you to utilize FTH as an applied workbook.
Take time after each chapter to summarize three take-
aways that directly apply to your situation and clients.
This can happen at the end of each chapter or as a sum-
mary on the available pages at the beginning or end of
FTH. As you do this, you will probably come to the
realization, regardless of your educational background or
practicing discipline, that the information confirms many
of your beliefs. If your key takeaway from FTH is redun-
dant commonalities between the diverse disciplines and
practitioners, one would argue we have just taken a giant
step forward in upgrading population health and care.

At EXOS, our mission is to upgrade lives. With world-
class partners, facilities, technologies, and specialists span-
ning six continents, we are progressing the intelligence
behind human performance wherever necessary. This is our
responsibility, and it has given us the honor to learn and
work side by side so many of the special people and pro-
fessionals who made time within their demanding sched-
ules for this book. Their actions should be celebrated. As
leaders, they show how we must work together in the best
interest of both our clients and the field at all times. Rather
than let ego or politics consume energy, we must integrate
and apply our knowledge and skills for the needs of each
individual client.

The FTH provides us with an insightful literature
review on injury prevention, sport-specific and modern
athletic development training approaches, off-season sys-
tems, and rehabilitation considerations. On behalf of all of
us who will benefit from the FTH, I send our deepest grati-
tude to the editor, Dr. Craig Liebenson, and to all of those
who contributed to this work for the passion they put into
it. I look forward to witnessing the teamwork and precision
each of you will demonstrate in upgrading lives through
performance in your current and future work.

Mark Verstegen
President & Founder
EXOS
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FOREWORD

unctional training and rehabilitation present a

popular way to describe approaches to exercise at

all levels. “Functional stuff,” in a word, is simply
more holistic than the current common alternative.

Functional training is often offered as a more com-
plete option in contrast to body part isolation or a highly
sport-specific approach.

Really>—let us be honest—that statement is not
too hard to get behind; however, building a systematic
approach to functional movement health requires more
than agreement. Agreement followed by action is easy to
track, measure, modify, and improve. Agreement without
action actually has the same outcome as non-agreement.

The popularity of “functional (insert your modality
here)” might imply that conventional methods of rehabili-
tation and training fall short in two distinct ways.

One—the conventional rehabilitation solution is
incomplete in the resolution or management of dysfunc-
tion movement patterns.

Two—the conventional training solution has side
effects that might cause or allow dysfunction within funda-
mental movement patterns.

The functional approach does not discount body part
isolation for in-depth evaluation, treatment, and training.
Moreover, it also does not address activity and sports speci-
ficity or elite performance methods. A functional approach
is simply the most efficient and effective entry point. Call
it—general physical preparedness or a state of uncompli-
cated adaprability.

Rehabilitating your knee strength and retaining the
dysfunctional limp is an indication that functional move-
ment patterns have not been restored. The strength impair-
ment has been adequately addressed and yet ambulation
efficiency is not restored. Likewise, specialization may com-
promise general functional movement patterns even though
a general functional base is the time-tested starting point
for greatness. You might find exceptions to this statement,
but not a better rule—functional adaptability is the most
fertile soil for specialized performance. Staying close to the
functional base might also provide great benefit in physical
durability, but we will have to be a little smarter to prove it.

Those of us who have dedicated a big part of our prac-
tice, teaching, and publishing in defense of function come
together on the big ideas even though we may embrace
slightly different side paths of the well-traveled road. How-
ever, we will reach very close to the common destination.
We believe that basic functional movements provide the
general base for more advanced physical loads and complex
movement tasks. If, however, basic functional movements

are dysfunctional at bodyweight, then loads and complex
tasks are really not actionable in an efficient and effective
manner. The identification of dysfunction justifies more
isolated intervention involving anatomical structure, fun-
damental mobility, motor control, and basic, developmen-
tally significant movement patterns.

To grossly oversimplify, if functional movement pat-
terns are acceptable, then we must impose loads and more
complex movements to baseline physical capacity and
attempt to improve individual performance in their spe-
cific environment. If functional movement patterns are
not acceptable, then we must find out why and take action
before worrying too much about physical capacity.

Engineering a functional approach requires a blend
of science and art. The true functional approach requires
a combination of the current best evidence alongside intui-
tive coaching, wise training, and treating. No engineer will
rush the foundation to construct a better building; instead
they will obsess on the supporting pillars of the entire thing
until they support it.

How can we have a functional approach to move-
ment if we have not clearly identified and defined move-
ment dysfunction? My journey toward a functional
approach started a long time ago. At the beginning of
that journey, I had to make a decision. I had to trust
the functional material and programming presented to
me or I had to have a responsible professional way to
test the theories and ideas that were proposed under the
functional umbrella. I started looking at developmental/
fundamental movement patterns and tried to find the
exercise maneuvers and treatments that would restore
them efficiently and effectively. I also looked at train-
ing methods that produced the unfortunate side effect
of gross asymmetry, compromised mobility, or limited
motor control. In other words, a loss of the foundation
while focussing on a better top floor, if you can appreciate
another construction parallel.

Ultimately, we must always validate our journey
against the map, compass, and clock—in modern travel,
the GPS does it for us. A single gauge points as an indica-
tor of efficiency and effectiveness. The Functional Train-
ing Handbook will offer you many ideas about grooving
motor patterns, functional restoration, as well as main-
taining function in performance situations. Please make
sure you have gauges to watch and that you have time
to apply what you read. Your observations are extremely
valuable when they come from experience in the tech-
niques demonstrated in this text, probably a lictle less
valuable without practical experience. I think we would
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FOREWORD

all agree that opinions formed across time and over real
terrain are the ones we prize and respect. Please be of one
of those opinions. My wise mentors—starting with my
Dad—all articulated that I should hold onto my words,
until I had the calluses to back them up. I offer the same
advice to you. Dr. Craig Liebenson and his contributors

are providing an opportunity that only becomes a lesson
with practice and reflection.

This foreword is both a professional and personal
thank-you to Craig for his commitment to a better func-
tional model. Welcome to the movement Movement!

Gray Cook, PT.

(c) 2015 Wolters Kluwer. All Rights Reserved.



he inspiration for the Functional Training
I Handbook came about as a result of the renais-

sance occurring in rehabilitation and training.

We are recognizing the overlapping roles and interdepen-
dence of clinicians, trainers, and coaches (see Chapter 3).
Corrective exercise and functional training have become
popular buzzwords. The book aims to distinguish what is
functional about functional training from what is merely
popular. With the Internet and social media falsely granting
instant expert status on anyone with a loud bullhorn, this
book will hopefully give you an ear to what experts with
years in the trenches have to say.

Let us start with what functional training is not. It is
not sport-specific training which through mimicry trains
movement patterns that are replicas of sports maneuvers.
Nor is it training on unstable surfaces to “simulate” real-
world unpredictability.

What is functional training? It is training with a pur-
pose or goal. By having a clear objective it is inherently
client-, athlete-, or patient-centered. Why? Because func-
tional training is designed to help people achieve their goals
safely and efficiently.

If we think about or try to define function, the answer
becomes “it depends.” What is functional depends on an
individual’s age, sport, injury history, stage of rehabilita-
tion, goals, etc. To many saying “it depends” is a cop-out,
but to assume that everyone needs the same tests or exer-
cises is to imagine a world where all people are identical in
their physical needs. In fact, we are all unique so what is
functional truly depends.

An elderly person may have a high risk for a fall; thus,
balance assessment and training would be a functional pri-
ority. Women are at risk post-menopausally for osteoporo-
sis; therefore, spinal posture is a key. Young girls and female
athletes in sports such as soccer, basketball, or volleyball
with sudden starting and stopping and change of direction
are at heightened risk for non-contract anterior cruciate
ligament injuries so factors which predispose to this (see
Chapter 31) should be screened for and addressed. Low
back pain is ubiquitous and often follows from improper
bending and lifting habits, inadequate lower quarter mobil-
ity, or poor motor control of the core; thus, assessing and
remediating these key functional deficits are crucial. Indi-
viduality is the rule, not the exception.

Clearly, populations have heterogenous rather than
homogenous functional requirements. Functional training
for a basketball player may require an abundance of frontal

plane stability and power work (see Chapters 9 and 26).
For a weight lifter it may focus on control of the sagittal
plane (see Chapter 16). Meanwhile for a mixed martial arts
fighter training will focus on building their rate of force
development (see Chapter 28), something which is clearly
also of importance in other sports such as baseball, football,
sprinting, weight lifting, etc. In contrast, an endurance ath-
lete such as a marathon runner, Iron Man competitor, or
triathlete will focus on such traits as running economy (see
Chapter 34).

The Functional Training Handbook aims to “bridge
the gap” between rehabilitation, training, and coaching.
Rehab specialists have learned to successfully help patients
resume activity and athletes to return to sport. Trainers
have learned how to enhance fitness in the general public
while their Strength & Conditioning colleagues are able to
prepare athletes for the rigorous demands of their sport.
If trainers successfully build capacity (strength, endurance,
and power) on a foundation of high-quality movement
patterns, then skill coaches can focus on biomechanical
optimization of the craft of sprinting, kicking, throwing,
striking, etc. Most importantly the head coach is now in a
position to macro- instead of micro-manage the overall per-
formance aspects of the athlete and team. When the coach
can focus on motivating and inspiring each individual on
the team to maximize their potential, the most efficient
development of the athlete can occur.

Perhaps the most important component of this book
is its underlying emphasis on durability. If training is func-
tional, then it will always be as hard as possible, but not
harder. Thus, residual adaptation will occur and resuls will
be achieved in the fastest, safest manner possible to develop
athleticism throughout the lifespan, during the off-season,
and even maintain it in-season (see Chapter 34). This
process is always guided by a results-oriented approach
(see Chapter 5) called the clinical audit process (CAP).
Often described as an assessment-correction-reassessment
approach the key is that as the famed Czech Neurologist
Dr. Karel Lewit says “the methods should serve the goals.”

The CAP involves a rigorous assessment (see
Chapters 6 and 22) to find the “weak link.” This is the
painless dysfunction that is most greatly limiting function
in the kinetic chain. Put in other words it is the source of
biomechanical overload in the kinetic chain. Once this is
identified then a program can be designed that “resets”
function so that the painless dysfunction is remediated (see
Chapter 7) and performance enhanced in the most efficient
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manner possible (see Chapter 35). The Functional Train- rehabilitation, fitness, and athletic development specialists
ing Handbook strives to free clinicians and trainers from more than just craftsman, but true artists.

being “prisoners of protocols.” Results or outcomes should
always trump an output-based approach that blindly fol-
lows methods (i.e., “no pain no gain”). In this way, it is
my hope that this book will serve as a guide to making

“Learn the rules like a pro, so you can break them like an
artist”—Pablo Picasso
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PART

Fundamentals

g Liebenson

The Functional Approach

Training has many different connotations depending on
one’s perspective. Traditionally, for healthy individuals or
athletes it focused on strength, flexibility, or cardiovascular
training. Such training would normally be supervised by a
personal fitness trainer or strength and conditioning (S&C)
coach. This book promotes a different approach in that the
aim of training is to promote athletic development (1,2).
From the perspective of sustainable athletic development,
training is not just limited to strength, flexibility, or car-
diovascular domains but also focuses on the fundamental
ABC’s of agility, balance, and coordination as a foundation
for enhanced movement literacy (3).

Ironically, as enhanced movement literacy becomes the
goal of athletic development, training not only becomes
more functional but also begins to overlap with clinical
rehabilitation. It becomes more functional because it is
focused on stereotypical movement patterns (i.c., push-
ing; pulling; squat; lunge) that an athlete uses in all sports
instead of isolated motions of specific joints (i.e., bicep curl/
elbow flexion; hamstring curl/knee flexion). A bodybuilder
may prefer to isolate a muscle to cause hypertrophy, but iso-
lation is not the primary goal for an athlete. An important
exercise science principle that highlights the limitations of
the isolated muscle or joint approach is the Specific Adap-
tation to Imposed Demands (SAID) principle. The SAID
principle shows that training gains are specific to the move-
ment that is trained (4,5). Therefore, an isolated movement
that is trained repetitively does not necessarily transfer any
benefit to functional tasks, whereas if fundamental move-
ment skills or movement literacy is trained there is high
transfer of benefit to enhanced sport performance as well as
injury prevention (6—12).

Clinical rehabilitation of musculoskeletal disorders also
traditionally focused on the prescription of repetitive, isolated
exercises. For instance, shoulder rehabilitation would involve
exercises for the individual rotator cuff muscles with resisted
internal and external rotation of the shoulder at different
angles of arm elevation (13). This approach has evolved over
the past two decades to include greater emphasis on motor

control and functional activities (14—16). For instance, reha-
bilitation of a baseball pitcher with rotator cuff tendinosis
or labral insufficiency might draw from a menu involving
scapulothoracic stability, closed-chain exercise, core stabil-
ity, and single leg posterior chain training (17-19). There
are parallels in both the rehabilitation and training fields
with an evolution toward greater emphasis on motor control
with a concurrent lessening of the emphasis on isolation of
individual muscles and joints (20,21).

An important process underpinning the emphasis on
training functional movement patterns instead of mainly
isolating individual muscles and joints is called cortical
plasticity. Movements which are repeated are learned by the
central nervous system as a new engram. Poor postural hab-
its and adaptations to pain or injury result in compromised
movement efficiency. With appropriate training, the body’s
“software” is updated to address these “viruses.” The goal
is to “seal” or insulate synaptic pathways for high-quality
functional movement patterns. Cortical plasticity occurs
via “neural adaptation” at the intracellular level involving
structural changes in the glia, binding neurons and myelin
surrounding the intersynaptic connections (22-24).

If we only train isolated motions as the SAID principle
implies, there will not be an improvement in our func-
tional skills (25). This legacy from bodybuilding by focus-
ing on isolated motions may change our “hardware” by
hypertrophying individual muscles, but it will not enhance
the quality or efficiency of movement—our “software”—
and may even corrupt it by causing or perpetuating muscle
imbalances or faulty movement patterns (26-28). There-
fore, modern training and rehabilitation both have come
to the same conclusion. If we want to achieve sharper
resolution motor programs for functional tasks that are
relevant for the athlete in the “heat of battle,” we should
focus on training functional integrated movement patterns
rather than merely isolated training of individual muscles
and joints (20,21,29-36).

If the goal is to identify and remediate faulty move-
ment patterns, does this mean that we ignore individual
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joints and muscles? No, frequently there will be a specific
dysfunction of a joint (i.e., Acromioclavicular (AC) joint
blockage restricting arm adduction), muscle (i.e., tightness
of the piriformis restricting hip hinge), or fascia (i.e., ante-
rior chest wall tightness restricting arm elevation overhead)
that if corrected will facilitate improved performance.
What changes is the way we conceptualize what we are
doing. As the famed neurologist from Prague Dr. Karel
Lewit said, “our methods should serve our goals.” The goal
is to improve the functional movement pattern on a sub-
cortical basis. Stretching a tight muscle, manipulating a
hypomobile joint, or releasing restricted fascia are possible
means to an end, but we want to avoid the trap of “becom-
ing a slave to our methods.” For instance, we may train an
individual muscle to facilitate it so that it is included in a
movement pattern.

Segmental treatment alone, without appreciation of the
big picture, will result in the patient or athlete being as lost
as their myopic trainer or rehabilitation specialist. When
functional assessment of movement patterns is linked to
the goals of athletic development, enhancement of perfor-
mance, or injury prevention then we can select our meth-
ods wisely in the service of the athlete’s goals.

There are many sacred cows in both the rehabilitation
and S&C fields. Such beliefs or practices are considered by
some to be exempt from criticism or questioning, despite
containing inaccurate dogmas, and this book will attempt
to expose some of these myths, while proposing alternative,
science-based explanations.
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rni Arnason

The Role of Musculoskeletal Fitness

in Injury Prevention in Sport

BIOMECHANICAL LOAD
AND INJURIES

When working with athletes, it is important to consider
their strengths and weaknesses regarding their sports activ-
ity and at the same time to identify athletes who are at risk
of sustaining injuries. High-quality training and injury
prevention are closely related and both should be sport-
specific. The primary aim should be to improve the players’
physical fitness, technique, and tactics for their particular
sport as well as to reduce their risk of injuries. Injuries usu-
ally occur if the biomechanical load becomes higher than
the tolerance of the potential structure. This can occur
cither if the biomechanical load is too high or if the toler-
ance against a certain biomechanical load is reduced (1).

A too high biomechanical load usually occurs either
when a single bout of load is too high for the involved
structure to absorb leading to an acute injury or if the load
is excessive over a period of time leading to an overuse
injury. An example of an excessive biomechanical load is
a typical injury mechanism of a lateral ankle sprain in soc-
cer when the involved player is running with the ball. At
the moment of injury all of his body weight is on one leg
and he receives a laterally directed tackle from an opponent
onto the medial side of the ankle or lower leg. No gliding is
possible between the shoe and the surface because the cleats
fix the shoe to the field and the whole body weight is on the
involved leg. This causes a supination or inversion move-
ment of his foot and forces the player to put weight on his
supinated or inverted foot. This often results in an injury
on the lateral aspect of the ankle, commonly a ligament
sprain or even a fracture (2). Another example of an exces-
sive biomechanical load is a well-known injury mechanism
of hamstring strains during water skiing. This mechanism
usually takes place if the tips of the skies go below the sur-
face of water during a submerged take-off or the skies stick
into a wave during towing. This causes a sudden decelera-
tion of the skies. The skier’s knees extend and the trunk is
pulled forward by the tow rope. This results in a forced
hip flexion, followed by an excessive load on the hamstring
muscles with a subsequent strain or rupture (3).

Reduced tolerance against a biomechanical load can be
caused by many factors. Examples of factors that possibly
can lower the tolerance against biomechanical load are if
the training status of athletes does not meet the demand
of their particular type of sport. That emphasizes that the
training methods, as well as the training load, intensity, and
progression, are important and need to be sport-specific.
The quality of training in junior sports is particularly
important when building up different training effects such
as strength, flexibility, power, and muscle endurance in a
sport-specific manner. Another well-known injury situation
is if athletes start high-intensity training or competition too
early after a previous injury and the injured structure is not
able to tolerate the biomechanical load required. This often
results in a recurrent injury.

INJURY MECHANISMS AND
RISK FACTORS

Acute injuries are commonly a consequence of specific
injury mechanisms together with a sum of different risk
factors affecting the athletes. In overuse injuries where
the injuries slowly evolve without a clear onset, the injury
mechanisms are not always as obvious as in acute injuries.
The effect of different risk factors can be variable, depend-
ing on many components such as the type of sport, level of
play, the athletes” physical and psychological performance,
environment, rules of the sport, other risk factors, and
injury mechanisms. It is well known that risk factors often
interact with each other, which can influence their appear-
ance and strength. Increased age is, for example, a well-
documented risk factor for injuries in many types of sport.
Older players have usually participated in sport longer than
younger players, and often sustained more previous injures.
In addition, they most likely have some age-related degen-
erative changes, and their training volume and intensity
may even be reduced compared with younger players, lead-
ing to a reduced physical performance and increased risk of
fatigue late in training or competition. All of these factors
may be related to the amount of risk due to increased age.
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Risk factors for injuries can be classified in many ways.
Commonly they are classified into intrinsic or person-
related risk factors that focus on factors related to the athlete
himself, and extrinsic or environmental-related risk factors
that relate to factors in the athlete’s environment (4,5).
Classification into modifiable and nonmodifiable risk fac-
tors is also known and is based on the fact that some risk
factors are modifiable such as strength imbalance or func-
tional instability, while others are not modifiable such as
increased age or race (6). Another method to categorize risk
factors is to use a classification based on participation in
sport, physical fitness, psychological factors, environmental
factors, and unchangeable factors (Table 2.1). Risk factors
can be different between athletes and different sports, but
they act together and in conjunction with injury mecha-
nisms they predispose athletes to injuries.

Risk Factors Related to Participation
in Sport

Sport participation by itself involves some risk of injuries in
the sense that factors related to training versus competition,
level of participation, coaching, playing position, high-risk
periods, player’s attention, rules, foul play, and previous
injuries can include some risk of injuries.

Training versus Competition

In general, incidence of injuries is higher during competi-
tion than during training (7). The reason could be a more
intensive and often aggressive play at a higher speed for
a longer period of time during competition than during
training. This could lead to an increased fatigue response as
well as a higher biomechanical load on the athletes, and in
many team sports it could lead to more frequent and harder
collisions between athletes.

Level of Participation

Many studies have found higher incidence of injuries at a
higher than lower level of play (8,9). This may be related
to a higher playing intensity, more exposure time during
training and match, and a higher training load resulting
in a larger biomechanical load on high-level players (9,10).
However, studies are also found that show no difference
in injury incidence between different levels of play (11),
or even higher incidence of injuries at lower levels of play
(12,13). This might be due to an inadequate physical per-
formance among players at a lower level of play, less time
spent in training, insufficient player technique, or team tac-
tics, leading to a reduced tolerance against biomechanical
load among less skilled players. Other factors such as inad-
equate training condition, as well as psychological factors,
may also be of importance (10-12).

Coaching-Related Factors

Playing exposure has been discussed as a possible risk fac-
tor for injuries in different kinds of sport. Studies on soccer

TABLE2.1  Potential Risk Factors for Injuries

in Sport?

Participation in sport
Training versus competition
Level of participation
Coaching-related factors

e Playing exposure

e Quality of coaching

e Warm-up
Playing position (in team sport)
High-risk periods during the year
Player attention and ball control
Rules and foul play
Previous injuries

Physical fitness
Training specificity
Joint instability
e Mechanical instability
e Functional instability
Muscle strength and strength ratios
Flexibility
Aerobic fitness
Fatigue
Jumping height, power, and speed
Body mass and body mass index

Other risk factors
Psychological factors
Live-event stress
Fighting mentality
Risk-taking behavior
Environmental factors
Field condition
Weather condition
Equipment
Unchangeable factors
Age

Genetic factors

Race

Gender

“These factors are related to participation in sport, physical fitness, psychological
factors, environment, and unchangeable components.

players have found a lower rate of acute injuries among
players who train more or less than the average group in
which the highest injury rate incurred (14,15). Studies
have also shown a relationship between a high training to
match ratio and a lower incidence of injuries (14). It is not
surprising that players who train and play soccer for fewer
hours sustain fewer injuries, because they are less exposed.
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However, players that train more than average could be
in a better physical condition, which could increase their
resistance against a biomechanical load. Possibly, they also
master a better technique and anticipation or awareness of
their surroundings, making them more aware of the play-
ing situation and the opponents, and hence better prepared
for tackling or collision. These qualities should make them
better players, as well as less prone to injury. Players with
such qualities are also more likely to be chosen to play by
the coach.

Quality of coaching should be an important factor and
low-quality coaching has been discussed as a possible risk
factor for injuries (14). Research on this topic is scarce, but
coaches” education and experience, as well as their coopera-
tion with the medical team if it is available, are probably of
importance (16). Sport-specific training should be aimed
at making the athlete better prepared for the biomechani-
cal load required in different situations during competi-
tion in particular types of sport. Sport-specific training is
thought to be an important part of decreasing the injury
risk by improving sport-specific conditioning and develop
increased fatigue resistance (17). Training intensity as well
as training of technique are also important components of
preparing the athletes as well as possible for coping with
different situations during competition.

Warm-up before training or competition is important
in order to prepare the body for an increased biomechani-
cal load, in the sense of both improving the performance of
the athletes and reducing the risk of injuries. Warm-up will
increase the blood flow and oxygen transport to working
muscles, make muscles less viscous and increase their elastic
properties, as well as enhance cellular metabolism. It will
also decrease the stiffness of the connective tissue, increase
range of motion, and even increase speed of nerve impulses
(18-20). Several studies, including a recent randomized
trial, indicate that structured warm-up can decrease injury
risk (21). Several injury prevention programs have been
studied that include a structured warm-up as a part of the
program (22-24).

Playing Position

In team sports, the playing position can possibly affect the
injury rate. Studies are found that indicate such difference,
for example, from soccer (25,26). Different playing posi-
tions may require different characteristics of the players
regarding, for example, running speed, jumping ability,
endurance, fatigue resistance, and pivoting. That means
that training of players in different playing positions should
be aimed at their specific needs.

High-Risk Periods during the Year

When studying risk factors for injuries, some studies have
indicated high-risk periods during the year (27). Such high-
risk periods could, for example, include training camps dur-
ing the preseason period, where the amount and intensity of

training often is higher than during the preceding period.
Other factors such as changes of the playing ground and
weather conditions could also play a role. Another period
could be the last part of the preseason periods, where the
training might be more intensive including a lot of training
games or competitions. During the start of the competitive
season some teams experience increased injury rate, maybe
because of a higher tempo, more games, and, in the north-
ern countries, a change from artificial turf to natural grass in
some types of sport. During the end of the competitive sea-
son some teams also show an increase in injury rate possible
because the players are getting tired (28).

Player’s Attention and Ball Control

In ball games where collisions are common, for example, in
soccer, Australian Rules football, and other football codes,
attention of the exposed player is important. Studies by
video analyses of soccer games indicate that many injuries
during duels occurred when the attention of the exposed
player was focused on the ball either in the air, when the
players were attempting to head the ball, or when a player
is attempting to control the ball after receiving it. During
these situations, the players’ attention is often focused on
the ball and away from the opponent challenging him for
ball possession. Moreover, the exposed players often seemed
not to be aware of the opponent at all (29).

Rules and Foul Play

In contact sport, rules can decrease the risk of injuries,
and studies have been performed, for example, in volley-
ball that shows that rule changes as a part of a prevention
program can decrease the injury rate (30). In some sport,
rule changes have been made to reduce injury risk, for
example, in soccer when red card was adopted for tackling
from behind. Foul play can also increase the risk of injuries.
Studies on soccer players have, for example, indicated that
foul play could be responsible for 16% to 28% of all inju-
ries (12,25,27,31). Therefore, fair play has been included in
many prevention programs.

Previous Injuries

Previous muscle strains and ligament sprains are one of the
best known risk factors for new injuries of the same type
and location. Studies on elite, male soccer, and Australian
Rules football have found that players with a history of pre-
vious groin and hamstring strains are in 2- to 11-fold risk
of sustaining new injuries of the same type and location
compared with players without a history of such injuries
(15,32). Studies have also shown that soccer players with a
history of previous ankle or knee sprain have up to fivefold
risks of sustaining new ankle or knee ligament sprains of
the same location compared with players without such a
history (15). The reason for this could be a too early return
to high-intensity training or competition (16,33), as well
as post-injury structural changes or scar tissue formation
in the muscle or tendon (34,35). Such tissue changes
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may cause decreased strength, elasticity, or neuromuscu-
lar coordination, making the muscle or tendon less able
to absorb force or biomechanical load, and consequently
more prone to re-injury. As for ligament sprains, studies

PART 1 | FUNDAMENTALS

have shown that neuromuscular control, muscle strength,
as well as mechanical stability can be reduced after previ-
ous injury (33,36-38). All of these factors, independently
or combined, can decrease the involved structure’s toler-
ance against biomechanical load and thereby increase the
risk of new ligament sprains (39,40).

Risk Factors Related to Physical Fitness

Risk factors related to athletes’ physical fitness are impor-
tant in view of prevention, because they are highly modifi-
able with sport-specific training.

Training Specificity

To tolerate the biomechanical load required by a specific
type of sport the training must be sport-specific. That is,
the training must reflect the situations and load during
competition. Training methods should improve the players’
ability to cope with different situations during competition
in their particular type of sport. This is important so that
the different tissues can increase their fatigue resistance and
tolerance against biomechanical load during the particular

type of sport (17).
Joint Instability

Joint instability can be classified as mechanical or func-
tional. Mechanical instability is when ligaments or even the
joint capsule is elongated and nonphysiologic movements
are possible in the joint. Functional instability is defined as
recurrent sprains or the feeling of giving way (36).
Mechanical instability can be a consequence of pre-
vious ligament sprains, stretching of ligaments and joint
capsule, or generalized joint laxity (14,15,38). Studies on
a possible correlation between mechanical instability and
risk of new injuries are controversial. Some studies indicate
that mechanical instability in ankles and knees could be a
potential risk factor for ankle or knee sprains (13,16,33,40),
while other studies have not found such correlation (15,41).
Therefore, it can be difficult to draw a firm conclusion
about the effect of mechanical instability on injury risk.
The methods used during testing differ and in most of these
studies a multivariate approach has not been used so possi-
ble interaction between different risk factors is not detected.
Functional instability can also be a consequence of pre-
vious injuries and is thought to be a risk factor for recurrent
injuries (15,42). Functional instability of the ankles has been
found to be associated with pronator muscle weakness (43)
and a longer reaction time of peroneal muscles as compared
with functionally stable ankles (37). Some studies indicate
that players with an increased stabilometric value (more
functional instability) suffer from a higher rate of ankle
sprains than those with more stable ankles (39,44). During

a supination load onto the foot, a longer reaction time of the
pronator muscles allows the foot to reach an increased supi-
nation before these muscles react, which causes an increased
biomechanical load that often is higher than these muscles
can absorb, resulting in a lateral ankle sprain.

Muscle Strength and Strength Ratios

Many authors have discussed the effect of a decreased
strength as a possible risk factor for injuries. Some studies
indicate that a decreased hamstring strength or an inad-
equate hamstring-to-quadriceps strength ratio could be
a risk factor for hamstring strains (45). Similarly, studies
have found some correlation between a low eversion-to-
inversion strength ratio at the ankles and subsequent ankle
sprains (41). However, other studies did not confirm any
correlation between a decreased strength and injuries
(46,47). In recent years, a low eccentric hamstring strength
or eccentric hamstring-to-concentric quadriceps strength
ratio has been discussed as a possible risk factor for ham-
string strains. During high-speed running most hamstring
strains are considered to occur right before foot strike
when hamstring is working eccentrically or right after
foot strike where hamstring is changing from eccentric
to concentric muscle work. This is supported by studies
that show that the highest electromyographic activity in
the hamstring muscles occurs late during the swing phase
and right after foot strike (48,49). Slight forward bend-
ing during high-speed running, as seen for example when
Australian Rules footballers catch the ball, also places an
increased mechanical load on the hamstring muscles as
well as changes their length during running. This move-
ment has been shown to be associated with increased risk
of hamstring strains (17). The effect of muscle fatigue and
possibly a reduced reaction time of the fatigued hamstring
muscles may also interact with decreased muscle strength
and affect the injury rate during high-speed running.

Flexibility

Many believe that muscle tightness is a risk factor for
muscle strains, but little evidence supports that belief.
Methods of measuring muscle tightness differ between
studies, which makes comparison difficult. Most studies
to date have found no relationship between short muscles
and muscle strains (16,50,51). However, studies are found
that indicate some relationship between short hip adduc-
tor muscles and adductor strains or overuse injuries in soc-
cer players (15,33), and between short hamstring muscles
and muscle strains (52). It is interesting that although
decreased flexibility is commonly thought to enhance
injury rate in sports, few studies are found that indicate
such correlation. The reason can be that most studies pub-
lished to date only detect strong to moderate association
between risk factors and injuries. The studies are too small
to detect moderate to small association between risk fac-
tors and injuries (53), which suggests the need for large
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multivariate studies that take into account many possible
risk factors. The methods of measuring flexibility are also
critical, with respect to comparison.

Aerobic Fitness

It is commonly considered that aerobic fitness contrib-
utes to increased player performance and higher intensity
of play in many types of sport (54-56). It has also been
discussed whether low aerobic fitness could contribute to
increased fatigue late in games (55) and possibly increase
the risk of injuries because of reduced protective effects
of the muscles and altered distribution of forces acting
on the muscles, ligaments, cartilages, and bones (57,58).
Although many studies have tested the maximal O, uptake
among soccer players (15,56), no study was found that
showed a clear relationship between maximal O, uptake
and injury risk. However, studies on military recruits have
found association between injuries in general and factors
like slower run times, lower peak O,, and fewer pushups
(58,59). Although aerobic fitness is assumed to increase
player performance, evidence on its importance regarding
injury prevention is inconclusive.

Fatigue

Studies are found mainly from soccer, indicating higher
incidence of injuries, especially muscle strains, late during
each half of matches and training or during the second half
of matches (27,47,60). Studies are also found that suggest
that moderate or major injuries occur later during matches
than minor injuries (47). Muscle fatigue is often used to
explain higher risk of injuries late during matches, and this
can be supported by studies on animal models, indicat-
ing that fatigued muscles are less able to absorb force than
non-fatigued muscles (61). Possibly, this reduction in force
absorption can affect some mechanical properties in the
muscles and reduce their tolerance against biomechanical
load, causing fatigued muscles to be more prone to injuries
than non-fatigued muscles.

Jumping Height, Power, and Speed

Studies have shown a correlation between jumping height
and running speed in athletes (62). More powerful athletes
can possibly impose higher force on their muscles, tendons,
and joints during, for example, jumping, kicking, sprinting,
and changing directions that will increase the biomechani-
cal load on these structures compared with less powerful
athletes. Several studies have examined leg power or jump-
ing ability among athletes (15,63), but little or no evidence
is found on correlation between leg power and injury rate.

Body Mass and Body Mass Index

Increased body mass increases the load on joints, ligaments,
and muscles. That will further increase the biomechanical
load during running, jumping, turning, etc. In some types
of sport, increased body mass could be a risk factor for some
overuse injuries or osteoarthritis because of an increased

load on joints in the lower limbs as well as tendons and
other working structures.

Other Potential Risk Factors

Some other potential risk factors for injuries have been
identified and they can possibly interact with the previously
introduced risk factors and make the picture of injury risk
more complex.

Psychological Factors

Some studies suggest a correlation between certain psycho-
logical factors and injury risk. Factors such as live-event
stress, fighting mentality, and risk-taking behavior have
been found to correlate with an increased risk of injuries
in soccer, American football, and some other types of sport

(64-66).
Environmental Factors

Field and weather conditions can affect the injury rate
during training or competition. Different surfaces have
different qualities and for outdoor sport weather condi-
tions, for example, rain, snow, evaporation, dry weather,
and temperature, can also change the quality of the play-
ing ground. The two main surface-related risk factors
have been thought to be the surface hardness (the ability
to absorb impact energy) and shoe-surface friction (the
footing or grip provided between the surface and the shoe)
(67-69). Hard surfaces increase impact forces and can pos-
sibly result in an overload of tissues due to a larger single
impact or repeated submaximal impact forces (67). Studies
also indicate that playing on a harder surface will increase
match speed, which again can increase the risk of injuries
during sprinting, turning, speed changes, or during harder
collisions in contact sports (68,70). For each type of sport,
a suitable shoe—surface friction is important. Factors such
as characteristics of the playing surface, material and struc-
ture of the shoe surface, length and formation of cleats, and
weather condition can affect the shoe—surface friction. For
sports that require gliding, cutting, or pivoting between
shoes and the surface, a too high translational or rotational
friction can increase the biomechanical load, leading to an
increased risk of ligament sprains in ankles and knees or
even a fracture (69). A too low shoe—surface friction can
decrease the players’ ability to accelerate and decelerate or
turn quickly, and increase their risk of slipping when it
is not wanted. Under such circumstances injuries such as
groin strains can easily occur.

Equipment such as shoes, shin guards, mouth guards,
helmets, taping, and braces must meet the requirements of
the particular type of sport and playing surface, as well as fit
the athletes itself. Inadequate equipments could make the
athlete more prone to injuries.

Unchangeable Factors

Some potential risk factors for injuries are not modifiable.
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Studies have shown that injury incidence in adolescent
or junior athletes increases with age (9,71). In soccer, the
oldest high-level junior players often seem to have similar
injury incidence as high-level adult players (9,27). Most
studies on adult athletes also indicate increased incidence
of injuries with increased age (15,47). These findings may
be due to several reasons and may not be solely related to
age. Older players often have a longer carrier and increased
amount of previous injuries, as well as some degenerative
changes that could affect their strength, flexibility, joint
stability, as well as a weakness at the site of a scar tissue.
Older players could also have less fatigue resistance com-
pared with younger players. All these confounding factors
could increase the risk of injuries among older players, so
although the age itself is not modifiable, some of the fac-
tors associated with increased age could be modifiable to
the effect of decreasing the risk of injuries in older athletes.

Genetic Factors

Some potential risk factors could be classified as genetic,
like anatomical alignment, height, basic structure and
strength of connective tissue, cartilages and bones, as well
as the basic rate of muscle fiber types. These factors could
affect the tolerance against biomechanical load and make
athletes more prone or resistant to injuries.

Race is also a genetic factor. Studies have suggested that
black soccer players and Australian Rules football players
of aboriginal decent sustain significantly more hamstring
strains than white players (32,60). The reason can be that
these players are generally considered to run faster than the
white players and that will generate a higher biomechanical
load on their hamstring muscles. The change between con-
centric and eccentric muscle action will also be faster, which
possibly could increase their risk of hamstring strains.

Gender

Most studies indicate a higher rate of knee injuries among
female athletes compared with males athletes (47). In soc-
cer, some studies have reported two to eight times higher
rate of anterior cruciate ligament (ACL) injuries in female
players than in males players (72,73), and these injuries
generally occur at a younger age in female players than in
males players (74). Possible reasons for this could be: (1)
Anatomical factors such as a wider pelvis and increased
Q-angle leading to a more valgus at the knees, as well as
a smaller intercondylar notch and increased joint laxity
(47,75). (2) Hormonal factors have been considered to be
potential risk factors for injuries. It has been postulated
that estrogen could be an underlying cause of an increased
incidence of ACL tears in women compared with men
(76). However, studies are not consistent about when
the risk is highest during the menstrual cycle (77,78).
(3) Training-related and neuromuscular factors have also
been considered as a possible reason for increased knee

injuries in women. These factors are modifiable such as
less muscle strength, altered recruitment patterns between
the quadriceps and hamstring muscles that can affect the
functional stability of the knee, and different movement
patterns and technique during jumping, landing, and cut-
ting (47,79-82). The hip abductor and external rotator
strength and recruitment patterns could also be important
for controlling adduction and medial rotation at the hip
joint, as well as reducing valgus at the knee joint during
jumping, landing, or cutting movements. Other risk fac-
tors, such as a high shoe—surface friction, increased body
mass index, increased fatigue, different injury mecha-
nisms, and genetics, could also interact with these risk
factors or situations and affect the injury risk.

Summary of Risk Factors

Injuries occur if the biomechanical load is too high for
the involved structure to absorb. An acute injury occurs
if a single bout of load is higher than the tolerance of the
involved structures and overuse injuries can occur if the
total load is excessive over a period of time. The athletes’
tolerance against biomechanical load can also be reduced
because of many factors often named intrinsic or person-
related risk factors. Extrinsic or environmental-related risk
factors can also affect the athletes and in combination
with their intrinsic risk factors make them more prone to
injuries. Risk factors can be classified into factors associ-
ated with participation in sport, the athletes’ physical fit-
ness, psychological factors, environmental factors, and
unchangeable factors. The effect of different risk factors
depends on many factors: for example, the type of sport,
level of play, the athletes’ physical and psychological
performance, environment, rules of the sport, other risk
factors, and injury mechanisms. The interaction between
different risk factors and injury mechanisms can be com-
plex and some of these factors can enhance or diminish the
effect of other factors.

PREVENTION OF INJURIES

Importance of Injury Prevention

As previously mentioned, injuries are common in differ-
ent kinds of sport, but injury incidence, types, and location
vary between sports (7,83). Injuries can affect the athletes
in many ways.

Severity of Injuries, Athletes’ Performance, and
Health Consequences

The severity of injuries in sport is usually estimated based
on the athletes’ duration of absence from matches and
training sessions. Injuries can affect the athletes’ perfor-
mance, especially if the injuries are moderate, severe, or
recurrent. Most injuries that occur in sport will heal with
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appropriate rehabilitation, so the athletes can maintain
their participation in their sport at the same level as before.
However, some injuries may limit the athletes post-injury
sport participation so they cannot play at the same level as
before or they must quit their sport. Some injuries can also
have health consequences, later in life, for example, osteo-
arthritis following severe knee injuries (84,85). A ques-
tionnaire proposed for former English professional soccer
players indicated that almost half of the participants retired
because of injuries (86).

Psychological effects on the athletes and their families
following injuries are also important to be aware of. Some
athletes can experience some depression following inju-
ries especially if they miss important competitions that
they have extensively prepared for, even for many years. It
can also be difficult for some athletes to acknowledge that
their teammates or opponents can train and improve their
physical performance and skills while the injured athlete
must reduce or stop training for some time because of
injuries.

Sociological effects should also be considered. Studies
have shown that adolescents that participate in sport are less
likely to smoke or use alcohol than others at the same age.
Sport participation also promotes healthy life in general
(87,88). Young athletes that sustain severe injuries in sports
that inhibit them from sport participation for an extended
period of time like ACL injuries could possibly be at an
increased risk for bad influence. Therefore, it is important
to find some role for the injured adolescents within the team
and maintain their connection with the group.

Team Performance

Injuries of key players in a team can easily affect the team
performance, especially if more than one player is injured
at the same time. This is particularly noticeable if the group
of players is based on a relatively few athletes. A study on
soccer players showed a trend toward a better final league
standing at the end of the season for teams that showed
fewer injury days during the season (89).

Cost of Injuries

Injuries are expensive. Medical treatment and rehabilitation
after sport injuries, as well as the loss of competition and
working days, sums to an extremely high amount each year
that must be paid by the athletes, their families, the teams,
or insurance providers (90,91).

When Should Injury Prevention Start?

As noted in the previous section, prevention of injuries is
extremely important. In recent years, knowledge about risk
factors, their interaction, and confounding has increased
in different types of sports. This knowledge provides an
important base for preventive measures aiming at reducing
the incidence and severity of injuries as well as the risk of
injuries.

Injury prevention should start early. Children should
learn that preventive measures are a part of training for
sport, and injury prevention should be included in the
training. If preventive measures start early it will be easier to
follow up in adolescent and adult sports. The athletes will
also experience the preventive measures as a natural part of
the training. An example of injury prevention that should
start before puberty is prevention of knee injuries because
during or after puberty movement patterns seem to change
particularly in female athletes, which appear to increase the
risk of severe knee injuries. Such prevention should aim
at improving the movement patterns, for example, during
jumping, landing, cutting, accelerating and decelerating
with neuromuscular training, such as balance and coordi-
nation training, as well as strength training, functional exer-
cises, and teaching technical skills both in general and in a
sport-specific manner. Information about this concept and
the importance of such training should be presented to the
athletes and their parents in order to increase their under-
standing and encourage them to participate in the program.

PREVENTION OF INJURIES IN SPORT

To be able to organize injury prevention, it is important to
know the typical risk factors and injury mechanisms for the
particular type of sport, as well as the complexity of their
interaction and confounding. In recent years, many studies
have been conducted in order to increase our knowledge
about risk factors and injury mechanisms in different kinds
of sports. These studies are an important background for
the improvement of prevention strategies, exercises, and
programs aimed at reducing the incidence and severity of
injuries in sport. However, more large multifactorial stud-
ies are needed that take into account many potential risk
factors in correlation with different injury situations. That
could increase our understanding and build a stronger
framework for preventive strategies against various types of
injuries in different kinds of sports.

When developing prevention programs one must take
into account the biomechanical load during the particular
type of sport. One must know the demands of the par-
ticular sports placed on the athletes, such as sport-specific
movements, running and jumping ability, rules, load dur-
ing training and competition, as well as typical risk factors
and injury mechanisms. Even in the same type of sport,
the requirements may be different regarding age, gender,
and level of play, playing exposure, playing position, qual-
ity of coaching, weather conditions, and playing ground.
All these factors should be taken into account and put in
the context of the biomechanical load placed on the ath-
letes. The focus of the prevention program should be to
increase the athletes’ tolerance against the biomechanical
load cither for injuries in general or for a particular type
of injury. The aim of prevention programs should be to
decrease the athletes’ weaknesses with respect to injuries
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and thereby decrease the injury risk. This should be con-
firmed with studies that test the effect of the particular
program. Prevention programs should not be too time-
consuming, because if they are then it is less likely that they
will be completed. The coaches and athletes should also see
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some performance benefits in the program regarding the
particular type of sport (92). An example of such benefits
could be increased strength (93-95), increased core stabil-
ity and technical skills (96,97), and improved neuromuscu-
lar control containing balance and coordination (98-100).
Injury prevention programs should be a natural part of the
training, be performed regularly, and be promoted by the
coaches, physical therapists, or athletic trainers.

Prevention programs are usually based on many fac-
tors that are considered to affect the risk of injuries, for
example, improving balance, coordination, strength, agility
and technique, awareness of joint position, movements, or
risky playing situations (23,101-103). Because most pro-
grams are multidimensional, it is difficult to know which
components of these programs are most effective in injury
prevention or how they work as they are usually not tested
separately (5).

Several studies have been conducted to try out some
exercises or programs that could decrease the rate of vari-
ous injuries in different types of sports. Some of these pro-
grams are aimed at decreasing injury incidence in general
(21,23), while others focus on preventing injuries of spe-
cial type or location (94,103). Most of these programs are
tried out in specific types of sport: for example, in soccer
(22,24,104), Australian Rules football (17), Rugby (105),
European handball (21,101), volleyball (30), and alpine
skiing (106).

Injury prevention can be classified into two categories: gen-
eral injury prevention on the one hand, focusing on reducing
injuries in general, and specific injury prevention, on the other
hand, focusing on special types or locations of injuries.

General Injury Prevention

The aim of general injury prevention should be to reduce
injury rate in general for a group of athletes or a team.
Such injury prevention should be included in the ordi-
nary training. Components of such training could, for
example, include sufficient warm-up, general training of
balance and coordination, strength, speed, power, endur-
ance, flexibility, and technique. Adequate training load
and intensity considering age, gender, level of play, type
of sport, etc., are of high importance. Training and playing
on an appropriate playing ground, as well as encouraging
the athletes to fair play, is also important. Most studies
on general injury prevention programs show reduction in
injury rate after performing such programs (21-24), but
studies are also found indicating less or nonsignificant
effect (107,108), possibly because of low compliance with
the prevention programs in these studies.

Specific Injury Prevention

The aim of specific injury prevention should be to reduce
the incidence of injuries of a specific type or location. This
could be done for either a group or a team and the aim
could, for example, be to reduce ACL injuries or knee inju-
ries in general. Individually based screening could also be
used in order to identify players at risk for specific or differ-
ent types or location of injuries. Preventive measures could
subsequently be applied for those who are found to be at
risk. Studies have been conducted to test the effect of some
prevention programs focusing on specific types of injuries;
for example, ankle sprains (30,109,110), knee injuries
(103), ACL injuries (101,111), hamstring strains (17,94),
and groin strains (104). Results from these studies show
that preventive measures regarding specific types of inju-
ries are effective and should be recommended, especially
in sports with high incidence of such injuries. In a specific
prevention, the focus is usually on some of the following
factors according to the types and location of injuries.

Improving Sport-Specific Skills and

Quality of Coaching

An important part of injury prevention is to improve the
athletes” sport-specific skills. Such training is an important
part of many prevention programs that have been shown
to be effective in preventing, for example, ACL injuries
(101,111) and hamstring strains (17). This approach
should both improve the sport-specific skills and have a
preventive effect, something that every coach and athlete
would appreciate. In this context, the quality of coaching is
of high importance both for the athletes’ basic and specific
training, as well as their performance and injury prevention.
The training load and intensity must also be suitable for the
athletes with regard to their age, gender, training status, etc.
The coaches must be aware of high-risk periods during the
training that could cause an excessive fatigue response and
predispose to acute or overuse injuries. Teaching young ath-
letes appropriate sport-specific skills is an important part of
injury prevention and should be emphasized in all types of
sport. Examples of such training are teaching and correct-
ing technique during cutting, jumping, and landing in, for
example, basketball, team handball, and soccer.

Neuromuscular Training

When soft-tissue injuries occur nerve endings and nerve
pathways can be damaged, which can impair the segmental
transmission of nerve impulses from proprioceptors located
in ligaments or joint capsule. This can affect coordina-
tion and joint position sense, as well as alter reflexes, for
example, regarding muscle responses that reposition joints
back into physiologic range. Such impairments may result
in decreased balance and functional instability often rep-
resented as the feeling of giving way in joints (112). Dur-
ing the rehabilitation process after injuries, neuromuscular

(c) 2015 Wolters Kluwer. All Rights Reserved.



CHAPTER 2 | THE ROLE OF MUSCULOSKELETAL FITNESS IN INJURY PREVENTION IN SPORT

training is important to restore the neuromuscular control
for preventing recurrent injuries (42). When preventing
injuries, this type of training has been shown to be effective
in reducing the rate of recurrent ankle sprains (30,110,113),
and as an effective part of preventing programs for ACL
injuries of the knee (101,111,114). Neuromuscular training
has also been used to increase core stability and functional
stability of the shoulder, elbow, and wrist in rehabilitation
and as a preventive measure (112). This type of training
should include balance exercises at a progressive level of dif-
ficulty and should be developed into sport-specific exercises.

Correction of Muscle Imbalance

Strength imbalance between legs or between anterior and
posterior muscles of the thigh (H/Q ratio) and a decreased
eccentric strength have been considered to be possible
risk factors for injuries. Consequently, strength training is
a part of many prevention programs. In recent years, an
increased emphasis has been on eccentric strength train-
ing, which has been shown to have preventive effect, for
example, on hamstring strains (94). As mentioned before,
little evidence is found in support of decreased flexibility
being a risk factor for muscle strains, but short muscles or
imbalance in muscle length could possibly predispose to
injuries by affecting posture and movement patterns. Such
examples could be the combination of short and strong
protractor muscles and long and weak retractor muscles
of the shoulder girdle. Such combination will increase the
protraction of the scapula, affect the movement pattern
and stability of the shoulder, and possibly increase the risk
of impingement in throwing athletes like team handball
players or pitchers in baseball. Therefore, it is important to
assess the athletes’ posture to detect such conditions. When
conducting training programs, it is important to include
exercises to correct such posture when present, or use bal-
anced amount of strength and flexibility exercise to avoid
such conditions.

External support

External support can be performed with, for example, tap-
ing or braces. Ankle support has been shown to reduce the
incidence of recurrent ankle sprains, but has not shown a
preventive effect on ankles without a previous history of
sprains (115). Tape or braces has been recommended dur-
ing sports activity following ankle sprains to reduce the risk
of recurrent sprains until normal ankle function is reached
(116). Different methods of taping provide different sup-
port and one can adjust the taping with respect to the exact
location and support required. Braces are often used instead
of taping. They are easier in use for the athletes and do not
have to be fixed onto the skin like taping. However, some
athletes feel that braces will restrict their ankle movements
too much or the ankle will be less stable than with taping.

Helmets and even faceguards have been recommended
to decrease the risk of head injuries in many types of sports
and in some sport they have become mandatory during
competition, for example, in American football, ice hockey,
alpine skiing, and snowboarding, as well as in various types of
motor sports. Studies have shown that helmets can be effec-
tive in preventing head and facial injuries in some types of
sport, but less effect is found on concussion risk (117,118).

Other external support such as shin guards has also been
shown to be effective in prevention of lower leg injuries in
soccer (33), but more recent studies have reported that pro-
tective effect of shin guards differs according to types and
material (119,120).

Rules and Fair Play

Rules in sport should protect the athletes from foul play, and
thereby prevent some serious injuries. Subsequently, rules
have been changed to avoid foul play, for example, in soccer
as when it was decided that tackles from behind automati-
cally resulted in a red card. Studies have also pointed out
that strict rules against late gliding tackles in soccer could
prevent some ankle and leg injuries (2). Another example
from a study on volleyball players has shown that many
ankle injuries occurred when a player landed on an oppo-
nent’s foot under the net, when landing after blocking or
attacking (121). In another study, these authors found that
the technique of training and rule changes where players
were not allowed to step across the line below the net after
attacking or blocking could decrease the rate of ankle inju-
ries (30). Conclusively, rules are important for the protec-
tion of the athletes against injuries and rule changes could
sometimes have preventive effects. Besides, it is always
important to encourage athletes to honor fair play.

Summary of Injury Prevention

Injuries are common in many types of sport. Although
most sport injuries heal with appropriate rehabilitation,
some injuries can limit the athletes’ sport participation or
force the athlete to quit in his sport. Injuries can also affect
the athletes” physical fitness and have some psychological
or social effects as well as affect the team performance. In
addition, injuries are expensive for the athletes, their fami-
lies, the sports clubs, or insurance providers. Consequently,
injury prevention is extremely important. Injury prevention
should be included in training for sports and start at a young
age so that the children learn that injury prevention is a
natural part of training for sports. Injury prevention can be
classified into general and specific prevention, where general
injury prevention focuses on reducing injuries in general,
but specific injury prevention focuses on specific types of
injuries. Injury prevention and training of sport-specific
skills are highly related, something that athletes, coaches,
physical therapists, or athletic trainers should appreciate.
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Bridging the Gap from

Rehabilitation to Performance

INTRODUCTION

Traditionally, rehabilitation has focused on assessment of
isolated joint pathology and resultant localized treatment
of the involved tissue. For example, when someone had
shoulder pain, his or her shoulder was evaluated. Treat-
ment focused on decreasing the pain of provocative tissues
at the shoulder, via local modalities or manual techniques,
and exercises were given to make the shoulder stronger.
Once the shoulder felt better, the patient was discharged
from physical therapy with a home exercise program. In
this model, nothing was done wrong; just everything was
not done right. This model treats the “source” of pain,
versus finding and treating the “cause” of pain. This lack
of acknowledgement of the entire kinetic chain in both
evaluation and treatment is the inherent difference between
rehabilitating an injury and returning an athlete to sport.
Returning an athlete to sport requires a much more com-
prehensive approach to the evaluation of injured tissue,
evaluation of kinetic linking and kinematic sequencing, and
resultant prescription of techniques to return an athlete to
their sport, perhaps bigger, faster, stronger, and more effi-
cient in their movement than they were prior to injury. This
is bridging the gap between rehabilitation and performance.

In today’s health care model, specialists are often separated
in two ways. First, physically, health care providers for a patient
are often located in different facilities, across town, or some-
times even in different towns. When there is a physical separa-
tion, the philosophical connection must be strong. If health
care providers are more concerned with “who is in charge” of
the clients’ care, and try to micromanage the other providers,
egos become inflated, guards are up, and walls become raised.
This creates a philosophy of a self-centered model. What we
propose is adopting an athlete-centered model.

WHAT IS AN ATHLETE-CENTERED
MODEL?

The athlete-centered model places the athlete at the center
core of the program, with all professionals working together
to ensure the athlete attains his or her goals. The health

care providers leave their letters at the door so to speak,
working together as one team with the patients’ best inter-
est in mind. Everyone (the doctor, the chiropractor, the
physical therapist, the athletic trainer, the massage thera-
pists, the personal trainer, and so on) brings a specialty to
the table and can offer insight to help the patient achieve
his/her goals. Where the client lies along the performance
continuum (Figure 3.1) will depend on who is the “quar-
terback” of the clients’ care at a given time. If the patient
is postoperative, the doctor may be the quarterback, dic-
tating precautions and contraindications from the surgery.
As the rehabilitation process moves on, the athletic trainer
or physical therapist may become the quarterback, as the
athlete is improving movement efficiency. At some point
when the client is ready to move onto different training
movements at various loads and speeds, the performance
coach may become the quarterback. And finally, as that ath-
lete begins to work on the technical and tactical aspects of
his/her sport, the skill coach may play a lead role, assisting
that athlete back to the specifics of their sport and position.
Everyone brings something to the table that should be val-
ued and respected with the athletes’ best interest in mind.
There is no one person that can do everything for the ath-
lete, from the operating room, to skill work and technique
work on the field, as well as everything in between. There
are many players involved in the process, with certain peo-
ple wearing larger hats at certain times than others. In the
athlete-centered model, everyone is involved in the process.
Sometimes the roles of different people are large or small,
but everyone is involved, as everyone brings something spe-
cial to the program. Each health care professional, perfor-
mance coach, and skill coach must come together, bring
their area of expertise, and work together to return the ath-
lete to play. Considering all the things that are involved in
returning an athlete to sport or a patient to a high quality of
life, there are many things involved that go way beyond the
body part of injury (Figure 3.2). Simply rehabilitating that
injury is no longer acceptable in this rehabilitation model.
Ideally, our athletes return to their sport not only rehabili-
tated, but as stronger, healthier individuals in general.
Athlete goals are threefold: 1) increase career longevity,
2) increase career productivity, and 3) ownership of their
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Athletes

PLEFORMANCE

Performance Training Continuum |

INTEGRATION
INNERVATE

EVALUATE ISOLATE

FIGURE 3-1.

INTEGRATE

This continuum depicts how all health care practitioners, performance coaches, and skill

coaches can work together in the best interest of the athlete.

injury and treatment via education, to work the strategies
set forth, in order to attain his or her personal goals.

HOW DO WE SUCCESSFULLY BRIDGE
THE GAP?

Bridging the gap between rehabilitation and performance
requires the health care professional (including the MD-
medical doctor, LMT-licensed massage therapist, PT-physical
therapist, AT-athletic trainer and DC-chiropractor) to under-
stand the performance aspect of training an athlete. Bridg-
ing the gap requires the performance specialists, movement

FIGURE 3-2. Many factors can affect training and
performance. If one factor is inhibited, it has an effect on
the entire unit. There is a constant relationship between
each factor working together.

coaches, strength coaches, and skill coaches to understand
and respect healing tissue. When these professionals work
synergistically in the best interest of the athlete, they will have

successfully bridged the gap.

EVALUATION

Functional Anatomy Implications

Core training has gained a tremendous amount of attention
in the literature over the last several years (1-3). Clinicians
with different backgrounds would agree that some element
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of core strength is important in injury reduction and sport
performance, and yet also realize that injury prevention and
optimal performance lie much deeper than simple abdominal
strength. A combination of mobility, stability, and strength at
the shoulders, trunk, and hips is needed to efficiently trans-
fer force from the lower body to the upper body, or vice
versa (4-7). These three definable, yet integrated areas are the
foundation for all human movement. There is a terrific body
of research done on the shoulder, the spine, and pelvis with
their associated musculature and function (8—10). There are
countless protocols focusing on the rehabilitation or perfor-
mance enhancement of these areas, but the true synergy lies
within their seamless integration (11,12).

Rehabilitation professionals and strength specialists
need to move past the simplistic view of the core and look
to a more integrated view of pillar strength. Pillar strength
is the complete integration of our shoulders, trunk, and
hips. Mobility, stability, and strength at each of these
individual areas are needed so they can come together to
create a conduit for power production and force transfer
in the body (13).

When discussing the shoulders, trunk, and hips, there
are several things to consider in regard to their relationship
with each other. When discussing the “pillar,” it is impor-
tant to realize that there are approximately 63 joints and
more than 71 muscles depending on how the individual
spinal intrinsics and pelvic floor muscles are counted. All of
these are connected via fascial slings that run in the sagit-
tal, coronal, and transverse planes (4). This massive amount
of mobile structures creates an intricate system of motor
programs, conducting dozens of force couples to work
simultaneously together to create a diverse set of seamless
movements throughout the kinetic chain.

Movement Assessment

When returning an athlete to sport after injury, one must
consider what caused the injury to begin with. Tissue over-
load due to excessive force or poor positioning and posture
is often the reason for both traumatic and nontraumatic
injuries. We must identify the cause of pain if we ever hope
that the source of pain improves. The body will ultimately
follow the path of least resistance during static postures
and dynamic movements. People will hang on their liga-
ments and rest on their joints with minimal effort to sup-
port those structures. During movement, athletes become
great compensators, focusing on the end goal and not the
path it takes to get there. Bridging the gap between reha-
bilitation and performance is about identifying these faulty
postures and compensatory movement patterns that lead
to tissue breakdown and teaching the body how to func-
tion in what will ultimately be a more efficient manner.
Movement efficiency can be viewed as the cornerstone to
athletic movement. Athletic movement consists of linear
movement, multidirectional movement, jumping, landing,

and transitions from any one of these movements into any
other movement.

Most athletes do not need to “be strong.” They need
sport-specific strength that will support the movement pat-
terns that are required of them day after day, season after
season. We should more often than not look at weight room
activities as an opportunity to enhance and support the move-
ments required on the field. Traditional strength training and
rehabilitation have focused on increasing the strength of an
individual. What an athlete needs is power: the ability to do
a certain amount of work in a given time or to do more work
in the same amount of time. There are several times when
an athlete simply may need to train strength for purposes of
pure strength. Examples would include someone preparing
for the bench test in the National Football League (NFL)
combine a power lifter or an Olympic lifter. But true athletic
movement is a function of power, and simple strength train-
ing will not be enough to improve athletic movement.

Movements can be described and categorized accord-
ingly: Upper body push movements can be performed
horizontal to the body (bench press) or vertical to the
body (military press). Upper body pull movements can be
performed horizontal to the body (row) or vertical to the
body (pull-up). Lower body push movements (squats) can
be performed single or double leg. Lower body pull move-
ments can be hip dominant (Romanian dead lift) or knee
dominant (hamstring curl) and can be performed single or
double leg. Finally, rotational movements can be performed
with a stability emphasis (stability chop and lift) or with
a propulsive emphasis (rotational row). During program
development, all of these movements can be used accord-
ingly to prepare the athlete for movements needed to return
to play. Combine these training movements with athletic
movement (linear movement, multidirectional move-
ment, jumping, landing, and transitional movements) and
you will have a comprehensive program for returning an
athlete to their sport. This can be extremely complicated
when written out on paper in this manner, but examples are
offered throughout this book to break down the movement
pattern and sport to which you wish to return your athlete.
A proper interplay of mobility, stability, and strength at the
proximal segments (shoulders, trunk, and hips) so that the
more distal segments (limbs) can move more efficiently is
needed. When the hub of the wheel is working properly,
the spokes can remain in place. If the hub is broken, the
spokes will follow suit.

CONTRACTILE CONTINUUM

When prescribing exercise, many rehabilitation specialists
are comfortable prescribing three sets of ten exercises. Three
sets of ten is a very comfortable set/rep scheme, where the
athlete can work on neuromuscular control, reinforce a
movement pattern, and begin to build some strength in
an atrophied muscle group or limb. The rehabilitation
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FIGURE 3-3. This continuum can be used to
describe different types of strength an athlete may
use during competition or training.

dununmum

specialist must understand, however, that the athlete does
not function in a world of three sets of ten. The athlete
functions in a world of varying intensities, varying speeds,
and unpredictability. They often must overcome not only
force they are creating but forces others are placing on
them, pushing them beyond their typical limits of strength,
speed, and range of motion. Therefore, therapy must pro-
vide varying speeds, intensities, volumes, and external
resistances in order to prepare the athlete to return to the
playing field. A clinician’s interventions must work the con-
tractile continuum (Figure 3.3).

The contractile continuum can be used to describe dif-
ferent types of strength an athlete may use during competi-
tion or training. Beginning at the right-hand side of the
continuum, we see limit strength. Limit strength is strength
that is most likely a hormonal, “fight or fight”—type reac-
tion. An example of limit strength would be a grandmother
finding the strength to lift a car up off her grandchild who
is pinned underneath. These acts of seemingly inexplica-
ble strength cannot be trained and will only be used by
the body in emergent or competitive situations. Eccentric
strength is a lengthening contraction of the muscle and
can handle a much greater load than a concentric muscle
contraction. Max strength is defined by how much mass
someone can move compared to their body weight (rela-
tive strength) or not compared to their body weight (abso-
lute strength). Starting strength is the ability to overcome
inertia. Explosive strength is the ability to move mass with
speed. Resisted movements utilize external sources (dumb-
bells, sleds, other people, etc.) in a planned manner, while
reactive strength is not preprogrammed. Reactive strength is
the ability to react to someone else’s movements, while free
movements are more self-directed motor programs. Assisted
movements are often described as overspeed training, where
someone is being pushed beyond their regular ability to

Alhletes

FERFORNANCE

Contractile Continuum

Optimal Strength sssssssd

produce movement. Finally, altered states include mediums
that affect gravity, such as water. Including various speeds
and intensities of movement while working the contractile
continuum will allow our athletes the best chance to safely
return to play and prepare them for competition. The con-
tractile continuum must be used during program prepara-
tion of a rehabilitating athlete.

HOW DO WE MAXIMIZE
PERFORMANCE PROGRESSIONS?

This is where the art of rehabilitation, performance, and
bridging the gap between the two becomes clearer. Our
professions are based on science, but programming and fit-
ting it all together to return an athlete to play is truly the art
of therapy and the art of coaching.

Flow and Progressions

Flow is never absolute. Whether talking about a single
workout, or a training period, one type of training (e.g.,
stability) does not stop in order to train another (e.g.,
power). Many types of movements, contractions, and
phases can coexist on any given day or any given train-
ing phase. In general, the flow of a workout or training
period may be corrective exercise, strength, power, move-
ment skill, and sport skill. Keep in mind, however, that
rarely is it divided this nice and neat. No one will have
perfect arthrokinematics or muscle firing patterns before
they progress to a strength or power phase. No one will
have maximum power potential prior to playing his or
her sport. At what point does inefficient movement bring
cause for concern for an increase in injury potential? This is
a difficult question with truly no answer to date. This is
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what health care and performance professionals have been
debating for years, and will continue to debate for years to
come. Keeping in mind some simple principles will allow
the clinician to progress athletes safely and effectively with
minimal risk of setbacks.

Clear and Restore Joint Function

This must be done not only at the source of pain but also
at the potential causes of pain. Arthrokinematics of a joint
need to be restored and maintained for proper movement
patterns to truly occur.

Progressive Tissue Loading

People often think that because someone is an athlete, they
can perform higher level exercise earlier on in the rehabilita-
tion process than a nonathlete. Athletes may work through
the rehabilitation process more quickly than your average
person, but they still need to progress, in order, without
skipping a step. When an athlete does not progressively load
tissue, tissue becomes irritated, and chronic irritation will
cause pain and breakdown. Progressive tissue loading is a
concept that needs to be discussed with every rehabilitat-
ing athlete. When this concept is not followed, an athlete
will feel great one day, and irritated the next. The clinician’s
tendency will be to chase the ever-changing symptoms,
abandoning any formal plan or progressions. Progressively
loading tissue will prevent this, gradually allowing tissue to
adapt to the stress placed on it. This will allow the athlete
to progress through the rehabilitation process at his or her
individual pace, no matter how fast or slow that may be.

Rate of Force Development

Progressively allowing an athlete to move at different speeds
to learn how to develop force quickly will prepare an athlete
to return to the necessary movement patterns for sport (14).
Maintaining the same training movement, but altering the
speed of which the movement is performed, will bridge that
gap between rehabilitation and performance.

Mastery, Then Progression

There is a fine line between challenging an athlete and frus-
trating an athlete. An athlete must be placed in situations
that challenge their tissue and skill level at the time, but allow
them eventual mastery so they can feel a sense of accomplish-
ment. A new goal is then created for them to work toward.
This happens within individual treatment sessions as well as
over time. Allowing them some mastery of skill before pro-
gression will satisfy their mental need for competition and
goal achievement, fostering a healing environment.

Quality over Quantity

The old adage “you can't teach an old dog new tricks” is very
true. Itis easier to learn a new skill than to change the way you
already do an old skill. This is because when you are learning

a new skill, you create new neural pathways and motor pro-
grams (14). When you try to relearn an old skill, you must
break down old neural pathways before you create new ones,
which takes time. During the rehabilitation process, if peo-
ple perform exercises the wrong way, a poor motor program
will be enforced and inefficient movement will be created.
When fatigue sets it, and movement efficiency breaks down,
it is best to stop the exercise. This again represents the art
of coaching. Every exercise will not look perfect. A clinician
must decide what they will allow an athlete to work through,
versus deciding the exercise is too challenging and picking
another one. Quality movements and efficient movement
patterns must be emphasized. Compensatory movement pat-
terns cannot prevail. Quality movement patterns are always
the priority during rehabilitation and performance.

SO HOW DOES A HEALTH CARE
PROFESSIONAL TRULY BRIDGE
THE GAP?

The answer is simple; the execution of this answer is not. No
matter what capacity we work with athletes in, be it rehabili-
tation, performance, or skill acquisition and improvement,
we all need to understand athletic movement. We need to
be able to break down movement patterns, and coach our
athletes. The art of coaching comes with time, a dedicated
passion to become better, and a desire to find the best ver-
bal, tactile, or neuromuscular cue to illicit the response one
is looking for. Simply counting reps, recording a workout,
or making someone feel better can no longer be considered
good rehabilitation or good strength and conditioning.
Athletes are getting bigger, faster, and stronger. When they
become injured, a primary objective to them is to play, not
only to rehabilitate an injury. When they return to play, they
must be prepared to face their competition head on, with-
out reservation. This requires the professional working with
the athlete to have an incredible amount of knowledge of the
body, anatomy, tissue physiology, arthrokinematics, biome-
chanics, strength training, conditioning, movement skill, and
sport skill. No one person can be an expert in all of these
areas. Health care professionals, performance professionals,
and sports coaches must come together in order to truly work
for the athlete. When everyone works as a team, in an athlete-
centered model, the athlete will benefit. Where does rehabili-
tation end and performance begin? No one can answer that
question. That is why a continuum of care is necessary. The
athletes should return to their sport faster and more efficient
than they were prior to their injury. Bridging the gap from
rehabilitation to performance is what each clinician makes of
it, by learning from each other and working together. Com-
municating as One Team for our client, placed at the core
of our athlete-centered model, is not an option. Our athletes
deserve a team of people working in his or her best interest, to
return them to their sport effectively, efficiently, and ethically.
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Pavel Kolar

Dynamic Neuromuscular
Stabilization: Exercises Based on

Developmental Kinesiology Models

INTRODUCTION

The etiology of musculoskeletal pain, in particular back
pain, is often evaluated from an anatomical and biome-
chanical standpoint and the influence of external forces
(i.e., loading) acting on the spine. However, the evaluation
of the forces induced by the patient’s own musculature,
is often missing. The stabilizing function of muscles plays
a critical and decisive postural role and depends on the
quality of central nervous system (CNS) control. Kolar’s
approach to dynamic neuromuscular stabilization (DNS)
is a new and unique approach explaining the importance
of neurophysiological principles of the movement system.
The DNS encompasses principles of developmental kinesi-
ology during the first year of the life; these principles define
ideal posture, breathing patterns, and functional joint cen-
tration from a “neurodevelopmental” paradigm (1). DNS
presents a critical set of functional tests assessing the quality
of functional stability of the spinal and joint stabilizers
and assisting in finding the “key link” of dysfunction.
The treatment approach is based on ontogenetic global
postural-locomotor patterns (2,3). The primary goal of
treatment is to optimize distribution of internal forces of
the muscles acting on each segment of the spine and/or any
other joint. In the DNS treatment concept, patient edu-
cation and participation are imperative to reinforce ideal
coordination among all stabilizing muscles.

POSTURAL ONTOGENESIS AND
MATURATION OF THE INTEGRATED
STABILIZING SYSTEM OF THE SPINE,
CHEST, AND PELVIS

Postural ontogenesis entails maturation of body posture and
related human locomotion (1-3). Postural muscle function
ensures all possible positions in the joints determined by
their anatomical shapes and has a strong formative influ-
ence on bone and joint morphology. Postural muscle

activity is genetically predetermined and occurs automati-
cally during CNS maturation. During newborn stage
(Figures 4.1 and 4.2), bones and joints are morphologically
immature. For example, the shape of the plantar arch is not
well defined (4,5), the chest is shaped like a barrel, the pos-
terior angles of the lower ribs are situated anteriorly relative
to the spine, the ribs appear to be more horizontal than in
adulthood (6), and the spine is maintained in kyphosis as
the spinal lordotic curves have not yet developed (7-9). As
the CNS matures, purposeful muscle function increasingly
occurs. Muscles controlled by the CNS subsequently act
on growth plates influencing the shape of bones and joints.
Every joint position depends on stabilizing muscle func-
tion and coordination of local and distant muscles to ensure
“functional centration” of joints in all possible positions.
The quality of this coordination is crucial for joint function
and influences not only local but also regional and global
anatomical and biomechanical parameters starting in the
early postnatal stage.

Ontogenesis demonstrates a very close relationship
between neurophysiological and biomechanical prin-
ciples, which are important aspects in the diagnosis
and treatment of locomotor system disorders. This rela-
tionship is very apparent in cases where there is a CNS
lesion and muscle coordination is affected. The disturbed
muscle coordination subsequently alters joint position,
morphological development, and ultimately posture
(Figure 4.3) (10,11). Postural function and motor patterns
are not only the indicators of the stage of maturation, but
can point to the fact if the CNS development is physi-
ological or pathological (1-3,12,13). Posture is a term
very closely related to early individual development.
The quality of verticalization during the first year of life
strongly influences the quality of body posture for the
rest of a person’s life. During early postural ontogenesis,
lordotic and kyphotic spinal curves as well as chest and
pelvic positions are established. This process corresponds
to stabilization of the spine, pelvis, and chest in the sagit-
tal plane at the age of 4.5 months (Figures 4.4 and 4.5).
This is followed by the development of phasic locomotor
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FIGURE 4-1.  Typical supine posture of a newborn. Asymmetrical
head and body position, showing head predilection (i.e., newborn's pre-
ferred head rotation toward one side). Postural immaturity is related to
morphological (anatomical) immaturity; underdeveloped chest is short
and shaped like a barrel, ventrodorsal chest diameter is larger than the
width of the chest, and the posterior angles of the lower ribs are situ-
ated anteriorly relative to the spine.

FIGURE 4-2.
head predilection position as in supine position. There is no equilibrium
as weight-bearing zones have not been defined yet, and the infant can-
not hold any segment against gravity. The entire spine is maintained in
kyphosis with an anterior pelvic tilt.

Typical newborn prone posture, with asymmetrical

function of the extremities, which includes the stepping
forward (or reaching, grasping) function and the support-
ing (or taking off) function (1-3,12). These locomotor
function of the extremities develops in two patterns. In
the ipsilateral pattern, the leg and arm on the same side
serve as a support function (and/or taking off), whereas
the other same-sided leg and arm fulfill the phasic, that
is, stepping forward and grasping, function (Figure 4.6).
Ipsilateral pattern develops from supine position and is
later integrated in the process of turning, oblique sitting,
and other patterns. On the other hand, in the contralat-
eral pattern, for example, if the right arm functions as a
support, then the left leg will also function as a support
function at the same time. The left arm has a grasping
function and the right leg has a stepping forward function
(Figure 4.7). Contralateral pattern develops from prone
position and is later integrated in creeping, crawling, or

FIGURE 4-3. Postural effects from cerebral palsy (spastic dipa-
resis). Note structural deformities of the hips, knees, and feet as
a result of compromised muscle function due to central nervous
system lesion.

FIGURE 4-4. A 45-month physiological infant in supine position.
Chest, pelvis, and spinal stabilization in the sagittal plane is fully estab-
lished and maintained by proportional coactivation between agonists
and antagonists (see Figure 4.12 for details). Supine weight-bearing
zones include the nuchal line, shoulder blades, sacrum, and upper sec-
tions of the gluteal muscles. The infant is able to lift the pelvis above
the table as far as the thoracolumbar junction due to established spinal
stabilization in the sagittal plane.
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FIGURE 4-5. A 4.5-month physiological infant in prone position.
Weight-bearing zones include the medial epicondyles, bilateral ante-
rior superior iliac spine and pubic symphysis. This posture allows the
infant to hold the segment (e.g., head or legs) out of the base of support
against gravity. When lifting the head, the spine uprights starting at the
mid-thoracic segments. Upper thoracic segments functionally belong to
the cervical spine.

gait movement patterns. The ipsilateral and contralateral
locomotor patterns of the extremities begin to develop
simultaneously after stabilization in the sagittal plane is
fully completed, which physiologically corresponds to the
age of 4.5 months.

The stepping forward function corresponds to open
kinetic chain activities, where the direction of muscle pull
is proximal and typically involves movement of the head
of the femur or the humerus on a stable acetabulum or
glenoid fossa, respectively. The principles are reversed on

- |

FIGURE 4-6. Ipsilateral movement pattern and function of extremi-
ties. Right-sided extremities serve for support and weight bearing
while the left arm reaches forward (as in grasping function) and left leg
swings forward (as in stepping forward function). Note the “reciprocal”
position of the opposite extremities, for example, the right (supporting)
foot is in plantar flexion and inversion while the left (stepping forward)
foot is in dorsiflexion and eversion. The right arm moves toward prona-
tion, while the left arm moves toward supination.

FIGURE 4-7.  Contralateral movement pattern and function of the
extremities. The left leg (medial condyle of the knee) provides sup-
port while the left arm reaches forward (grasping); the right leg steps
forward and the right arm provides support (medial epicondyle of the
elbow). Note the reciprocal position of the feet again—the left sup-
porting foot is in plantar flexion and inversion, and the right stepping
forward foot is in dorsiflexion and eversion.

the supporting side, where the extremity works in a closed
kinetic chain. The direction of muscle activity is distal
(toward support, i.c., weight-bearing area) and typically
involves the movement of the fossa over the stabilized head
of the humerus or femur (Figures 4.8 and 4.9).

All afferent systems, including vision (14-16), hear-
ing (17), vestibular (18,19), proprioceptive, and extero-
ceptive information (20), are integrated in these global
patterns of stabilization and stepping forward/supporting
extremities’ function. In addition, the orofacial system takes
part in these complex movement patterns (2,3,12,21). For
example, during a throwing action, the athlete automati-
cally places the extremities in a reciprocal position, the eyes
and tongue turn toward the same direction as the stepping
forward (throwing) arm (eyes preceding the arm move-
ment), enhancing further facilitation and performance of
the throwing movement. The athlete shown in Figure 4.10
depicts how all his orofacial muscles are involved in move-
ment, to enhance maximum strength and performance.
If the athlete is asked to look in the opposite direction or
turn his tongue against the direction of the stepping for-
ward arm movement, it will significantly decrease his sports
performance. These principles can be powerfully used in
athletic training.

Activation of the stabilizers is automatic and subcon-
scious (the “feed-forward mechanism”) and precedes every
purposeful movement (Figure 4.11) (22). Any purposeful
movement influences global posture and this posture sub-
sequently influences the quality of phasic (dynamic) move-
ment. The integrated stabilizing system of the spine consists
of well-balanced activity between deep neck flexors and
spinal extensors in the cervical and upper thoracic region.
Stability of the lower thoracic and lumbar region depends
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FIGURE 4-8. In an ipsilateral pattern in
this case, the left-sided extremities have a
stepping forward function. The direction of
muscle activity is proximal; the glenoid fossa
and acetabulum are relatively fixed and serve
as a stable base, while the head of humerus
and femur rotates around the stabilized
cavity. In other words, the distal segments
(extremities) move against a fixed proximal
stable base (scapula, pelvis). The opposite
is true for the supporting or weight-bearing
right arm and leg. The direction of muscle
pull is distal; the humerus and femur are
now relatively fixed while the glenoid fossa
and acetabulum move around them. In other
words, the proximal scapula and pelvis move
against relatively fixed distal extremities.
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4 direction of
muscle pull

on the proportional activity between the diaphragm, pel-
vic floor, and all sections of the abdominal wall and spinal
extensors. The diaphragm, pelvic floor, and abdominal wall
regulate intra-abdominal pressure, which provides anterior
lumbopelvic postural stability (Figure 4.12) (23-28). In the
newborn stage, the diaphragm functions only as a respiratory
muscle. Between 4 and 6 weeks of age, the first postural activ-
ity occurs; the infant starts to lift his/her head (when prone)
and legs (when supine) against gravity and the diaphragm
starts to fulfill its dual function as a respiratory and postural
muscle. The dual function of the diaphragm is essential for
all movements and even more importantly during all types
of sports performance (29,30). Under pathological con-
ditions, insufficient postural function of the diaphragm,
abnormal recruitment and timing between the diaphragm

*“_. muscle pull

fixed segments
. moving segments
- direction of the movement

FIGURE 4-9. Inacontralateral pattern in this case, the left arm and
right leg have a supporting function, and the right arm and left leg have
a stepping forward function.

fixed segments

. moving segments

and abdominal muscle activity (31), atypical initial chest
position (due to imbalanced activity between the upper and
lower chest stabilizers, with upper stabilizers dominating),
and hyperactivity of the superficial spinal extensors can be
observed.

DNS diagnosis is based on comparing the patient’s sta-
bilizing pattern to the developmental stabilization pattern
of a healthy infant. For example, we compare the patient’s
supine posture when holding the legs above the table
(Figure 4.13) and prone (Figure 4.14) sagittal stabilization
during trunk extension test with that of the physiological
pattern of a 4.5-month-old baby. The DNS therapeutic sys-
tem makes use of specific functional exercises to improve
spinal and joint stability by focusing on the integrated spi-
nal stabilizing system. However, the primary target is the
brain, which must be properly stimulated and conditioned
to automatically activate optimal movement patterns neces-
sary for coactivation of the stabilizers. The ultimate strategy
is to “train the brain” to maintain central control, joint sta-
bility, and ideal quality of the movement restored during
therapeutic intervention. This is achieved by activation/
stimulation of the stabilizers when placing the patient in
primal developmental positions (see the section “Sample
Exercises”). As the program advances and becomes more
challenging, these ideal movement patterns fall under the
patient’s voluntary (cortical) control, requiring less assis-
tance from the clinician. Eventually, through repetition of
the exercises, the central control establishes an automatic
model that becomes a fundamental part of everyday move-
ment. Integration of the ideal pattern of stabilization in
sports activities not only decreases the risk of injuries and
secondary pain syndromes resulting from overloading but
also improves sports performance.
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FIGURE 4-10.
tongue turn toward the same direction as the throwing arm, preceding the throwing action.

MOTOR DYSFUNCTION (ABNORMAL
MOTOR PATTERNS) AS AN
ETIOLOGICAL FACTOR IN INJURIES
AND/OR PAIN SYNDROMES

The anatomy of a muscle is considered to be the deci-
sive factor for muscle strengthening. Specific types of
exercise designed for individual muscles are based on the
knowledge of the muscle’s attachments. Most of fitness
machines and benches are based on muscle anatomy.
When strengthening muscles, or when analyzing muscle
weakness or the muscle’s influence on joints, bones, and
soft tissues, anatomy and neurobiomechanics of muscles
as well as muscle integration into biomechanical chains
must be taken into account. CNS control and its associ-
ated programs play a critical role in proper integration of
these muscle chains (32-34). Under both, static (sitting or
lying) and dynamic (locomotion) conditions, individual
movement segments must be stabilized by coordinated
activity between agonists and antagonists. In other words,
a coactivation synergy is necessary and must be trained.
Another critical aspect is to train both directions of muscle
pull, that is, to train the muscle in both stepping forward
(open kinetic chain) and supporting (closed kinetic chain)
functions. The most frequent mistake in strength train-
ing is that only one direction of muscle activity is trained,
for example, the pectoralis is strengthened in open kinetic
chain all the time (Figure 4.15), but not in closed chain

Reciprocal function of extremities in a javelin thrower. Note the integration of the orofacial system in the global posture. Eyes and

(Figure 4.16). In brief, it is imperative to train muscles in
both, open and closed kinetic chains.

This stabilizing or postural function always precedes any
phasic (purposeful) movement (22). Pathology or dysfunc-
tion frequently occurs when the muscle is strong enough
in its phasic function (or anatomic function) but lacks in
its postural (stabilizing) function, thus resulting in postural
instability. Poor pattern of stabilization is easily fixed in the
CNS, since stabilization is an automatic and subconscious
function. Abnormal stabilization is then integrated into any
movement and, especially, sports activities (which require
strength, speed, and repetition), compromising the qual-
ity of movement stereotypes and resulting in overloading,
decreased sports performance, and increased risk of inju-
ries. Stereotypical repeated overloading due to poor pattern
of stabilization is a frequent primary cause of movement
disturbances and pain syndromes. “Practice does not make
perfect, it makes permanent,” which is true for both, physi-
ological and pathological patterns. Poor methodology of
training (or rehabilitation, for that matter) will fix and rein-
force poor stereotypes (Figure 4.17).

Postural instability cannot be evaluated merely by
manual muscle testing. Functional postural tests must be
used. Kolar’s approach to DNS explains and demonstrates
the importance of the relationship and proper recruitment
of all muscular interactions for dynamic stability of the
spine and joints and utilizes a series of systematic dynamic
tests. The section on sample tests illustrates the most
important tests.
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FIGURE 4-11.  “Feed-forward stabilization mechanism.” Prior to
any phasic or dynamic movement (e.g., hip flexion), the stabilizers must
be activated, that is, the integrated function of the trunk-stabilizing
muscles (dark areas—diaphragm, pelvic floor, all parts of the abdomi-
nal wall, and spinal extensors) precedes the activation of hip flexors
(light areas) for dynamic hip flexion.

FIGURE 4-12. In a scheme of stabilization, the cervical and upper
thoracic region is stabilized by well-balanced activity between deep
neck flexors and spinal extensors. The lower thoracic and lumbar seg-
ments are dependent on intra-abdominal pressure regulation providing

anterior lumbopelvic postural stability, whereas posterior stabilization
is ensured primarily by intrinsic spinal extensors.

BASIC PRINCIPLES FOR EXERCISES

Ideal Initial Posture as a Prerequisite for
All Exercises

The quality and efficiency of any movement depends on
multiple factors. One of the key factors is the initial body
position when performing the exercise. Proper stabilization
is critical for all dynamic activities ranging from simple func-
tional tasks to skilled athletic maneuvers (35). In the DNS
approach, the initial body position is closely related to the
pattern of sagittal stabilization. Ideal posture from a develop-
mental perspective is demonstrated in a physiological baby
at 4.5 months of age when sagittal stabilization is completed
(see Figures 4.4 and 4.5). Ideal muscle coordination is maxi-
mized in this position to provide the best possible biome-
chanical advantage for movement and muscle performance
(strength and power). This initial position can also signifi-
cantly influence movement execution (sports technique) and
hence training and sports performance.

Basic Dynamic Neuromuscular
Stabilization Tests for Stabilization
Supine

Place the patient in a supine position with hips and knees
flexed 90° above the table. Ask the patient to maintain
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FIGURE 4-13. A comparison of the patient’s abnormal supine stabilization pattern (A) with that of a healthy 4.5-month-old infant (B). Compare
the following: (1) Head position and activation of neck muscles: The baby's head is supported on a nuchal line with activation of the deep neck flexors.
The patient's neck is extended with excessive activation of superficial muscles (sternocleidomastoid, scalenes). (2) Chest position. Note the difference
in shape. The infant's chest is in a caudal, neutral position with lower ribs well stabilized. The patient’s chest is in more cranial “inspiratory position”
with lower ribs flaring out. (3) Back—the infant’s entire back adheres to the table (due to sufficient intra-abdominal pressure regulation). The patient's
back is extended at the thoracolumbar junction. (4) Abdominal wall—the infant demonstrates proportional activation and contour. The patient dem-
onstrates bulging at the laterodorsal sections of the abdominal wall.

this posture as you gradually remove the support of the [SCM], scalenes, upper trapezius, pectoralis muscles)
legs, while observing the patient’s pattern of stabilization should be relaxed.

(Figure 4.18A). Compare this posture with the physiologi- Shoulders: These are relaxed and should not be elevated
cal 4.5-month old baby posture (Figure 4.18B). Things to or protracted. Elevation of the shoulders is often
look for include the following: related to hyperactive upper chest stabilizers (SCM,

scalenes, upper trapezius, pectoralis muscles) (see
Figure 4.18C).

Chest: In neutral position, there should be well-
balanced activity between upper (SCM, scalenes,
upper trapezius, pectoralis muscles) and lower

Head: It is in a neutral position, where the nuchal line
is the natural weight-bearing zone. If the upper
occiput serves as the supporting area, it is often cor-
related with hyperextension at the cervicocranial
junction with hyperactivity of short neck extensors

(Figure 4.18C). chest stabilizers (oblique abdominal muscle chains,
Neck: Activity of superficial neck muscles is unnecessary for diaphragm, transverse and rectus ab.dominis). T}.1e
this posture. Superficial muscles (sternocleidomastoid most common pathology observed is the chest in

FIGURE 4-14.  Comparison of the patient’s prone stabilization with that of a healthy prone 4.5-month-old infant (B). (A) Trunk extension test—
hyperactivity of scapular external rotators (curved arrows, superficial paraspinal muscles at thoracolumbar junction (thick horizontal arrows) and
lumbosacral area). Erector spinae is hyperactive to compensate for insufficient deep spinal stabilizers. Anterior pelvic tilt (thick oblique arrows
pointing medially) and bulging of laterodorsal sections of the abdominal wall (thin arrows) are signs of inadequate and/or weak postural function.
(C) Retraction of the shoulder blades, hyperextension of cervicothoracic junction, and anterior pelvic tilt. Patient's weight-bearing area is at the level
of umbilicus; when compared to the infant's supporting areas, weight bearing is at the level of symphysis. The infant's pelvis is in a neutral position
compared to the anterior tilt in the patient.
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FIGURE 4-15.  “Classic” strengthening of pectoral muscles in open
kinetic chain. Note the poor pattern of basic stabilization with flaring of FIGURE 4-17.
the lower ribs and hollowing of the abdominal wall.

Poor pattern of sagittal stabilization with scapular
retraction and forward drawn position of the head. This exercise on
an unstable surface is very challenging and with an added load, the
pathological pattern will only be reinforced.

a cranial position (inspiratory position) due to
dominant and hypertonic upper stabilizers (see
Figure 4.18C). Palpate the lower and lateral walls of
the chest and try to spring the chest (Figure 4.19).
The chest wall should be flexible. If the chest is rigid,
soft tissue release may be indicated as a precursor to
further training. The posterior angles of the lower
ribs should contact the table as they are positioned
posterior relative to the spine (see Figure 4.18A,B).

However, when these angles are in a less than ideal
: position, arching of the back (see Figure 4.18C) and
FIGURE 4-16.  Strengthening in a reciprocal pattern. Left pectoralis flaring of the lower ribs are often observed.

is activated in an open kinetic chain (against resistance) while the right Abdominal wall (test of proportional activation among
one is trained in a closed kinetic chain; the athlete pronates his fighT all sections); Palpate [he posterolateral sections
forearm against the therapist's resistance while shifting the weight- (often insufficient), upper part of the rectus abdom-

bearing zone from deltoid toward the elbow. The body (glenoid fossa)
rotates on the fixed humerus. The trunk is lifted against gravity and
against the therapist's resistance and rotates toward the right support-
ing arm. The therapist's left hand helps keep the chest in neutral posi-
tion and resist the trunk movement at the same time.

inis (often hyperactive), and the abdominal wall
above the groin (frequently insufficient). Diastasis is
a sign of abnormal sagittal stabilization.

FIGURE 4-18.  Supine test with legs above table (90°/90° position = right angle at hips and knees). (A) Physiological pattern in an adult. (B) Ideal
model in a 4.5-month healthy infant. (C) Pathological pattern in an adult, with head reclination, neck hyperextension (support on the occiput instead
of the nuchal line), sternocleidomastoid hyperactivity, shoulder protraction, “inspiratory” chest position, arching of the lumbar spine due to reduced
weight bearing at the thoracolumbar junction, diastasis recti, and anterior pelvic tilt. Stabilization is insufficient.
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FIGURE 4-19.  (A) “Inspiratory” position of the chest is often fixed and it is difficult to bring the chest to neutral position even passively. (B) Bring
the chest to neutral position if possible (pull the chest caudally, do not press it against the table!) and spring the chest. The chest should be flexible
and spring back symmetrically. Healthy individuals are able to keep the chest in this position at rest, while still breathing, and during the course of
all postural activities.

Thoracolumbar (T/L) junction: This serves as a weight-
bearing zone and should be in contact with the table
(compare Figure 4.18A-C).

Prone

Place the patient in prone position that corresponds to that
of a 4.5-month-old healthy infant (Figure 4.20). Ask the
patient to lift the head slightly. Observe the following:

Head: In neutral position, it is elevated a few centime-
ters above the table.

Neck: When lifting the head, extension should start
from the mid-thoracic (T3/4/5) segments. Head
reclination (hyperextension of cervicocranial junc-
tion) and/or hyperextension of the mid- or lower
cervical segments as the CT junction is often fixed
or flexed is a sign of abnormal extension stereo-
type. This poor movement pattern is often related
to insufficient coactivation of the deep neck flex-
ors (see Figure 4.20C and Figure 4.23A). Compare
the posture to that of a healthy 4.5-month-old

infant (see Figure 4.20B); note the perfect and grad-
ual lengthening of the entire spine including the
cervical spine.

Arms: Medial epicondyles serve as weight-bearing
zones. The shoulders should be relaxed, and the
patient should not raise them.

Shoulder blades: These should be fixed in a “caudal”
position due to balance between the upper and lower
scapular stabilizers and between scapular adductors
and abductors, with the scapula adhering to the
rib cage (see Figure 4.20A,B). An elevated scapula
suggests the dominance of the upper stabilizers (see
Figure 4.20C). Another common abnormality is
winging of the lower angle of the scapula. Proper
scapular stabilization is dependent on proper sup-
port of the medial epicondyles.

Thoracic spine: Observe the lengthening of the spine.
Palpate the mid-thoracic spine during head elevation
(Figure 4.21). Normally, you should feel segmental
movement between T3/4/5/6.

FIGURE 4-20.  Prone test. (A) Physiological pattern in adult. (B) Ideal model in a 4-month-old healthy infant. (C) Pathological pattern in an adult:
neck hyperextension, cervicothoracic junction kyphosis, scapular retraction and external rotation, support at the level of the umbilicus instead of the
anterior superior iliac spine or symphysis, and pelvic anteversion.
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FIGURE 4-21.
extension test. Neck extension movement pattern should “start” from
mid-thoracic spine.

Palpation of mid-thoracic segments during neck

Abdominal wall (proportional activity of all its sec-
tions): Palpate the laterodorsal portion; there should
be slight activation under your fingers (Figure 4.22).
Bulging of the lateral walls is a sign of insufficient
sagittal stabilization.

Delvis (stabilized in a neutral position): Both, anterior
and posterior tilts are abnormal. Ask the patient to
extend the trunk and palpate the sacrum (Figure
4.23A). The sacrum must be stabilized and remain
fixed during the movement. If it tilts ventrally, regu-
lation of the intra-abdominal and intrapelvic pressure
is often impaired (see Figure 4.23B). The pubic sym-
physis and the anterior superior iliac spine (ASIS) are
naturally weight-bearing zones (see Figure 4.20A,B).

Legs: Observe and/or palpate hamstrings and tri-
ceps surae during neck and slight trunk extension.
During the initial phase of trunk extension, these
muscles should be fairly relaxed.

FIGURE 4-22. Neck and trunk extension test, with palpation of
laterodorsal sections of the abdominal wall. Symmetrical activation
should occur during this movement. Superficial extensors at the thora-
columbar junction will often substitute for insufficient activation of the
laterodorsal abdominal muscles (see Figure 4.14A).

Standing

Minimal muscle activity is necessary for normal standing pos-
ture. Any excessive isometric activity (especially in superficial
muscles) is a sign of abnormal posture, which is energy inef-
ficient and may cause overloading of joint segments. Watch
(palpate) for muscle tone distribution during primary stance.

The chest must be aligned above the pelvis and the axis
of the diaphragm (connecting pars sternalis and costophrenic
angle) in the sagittal plane (should be almost horizontal and
parallel with the pelvic floor axis) (Figures 4.24A and 4.25B).
In this ideal position, the diaphragm may then work against
the pelvic floor, especially during any physical strain, in coor-
dination with the abdominal wall, exerting pressure on the

FIGURE 4-23.
instability is indicated if the clinician should feel the patient’s sacrum move against his hand in a cranial direction. (B) Abnormal pattern with leg
raise: hyperactivity of gluteus maximus, hamstrings, and calf muscles helping to stabilize the trunk during extension and the substitute for insufficient
intra-abdominal and intrapelvic pressure regulation. The arrows indicate anterior pelvic tilt, the interrupted lines the hyperactive paraspinal muscles,
and the ellipse the hypoactive area.

(A) Trunk extension test, with palpation of the sacrum. The pelvis should maintain neutral position during the test. Postural pelvic
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FIGURE 4-24.

(A) Physiological position of the diaphragm and pelvic floor. Their axes are horizontal

and parallel to one another. (B) “Open scissors syndrome”—oblique axis of the diaphragm and pelvic floor.
(C) Forward drawn chest position. (D) Chest aligned behind the pelvis. The light arrows indicate correct
muscle activation and direction of increased intra-abdominal pressure from above (diaphragm), below (pelvic
floor), and the front and lateral perspective (abdominal wall). The dark arrows indicate movement—abnormal
position of the chest and pelvis under pathological conditions. The dashed arrows indicate an abnormal shift
of the chest and lumbar spine under pathological conditions.

intra-abdominal contents, thus helping to stabilize lower
thoracic and lumbar segments from the front. The following
are the most common types of pathologies:

Forward drawn chest position with the chest aligned
in front of the pelvis (see Figures 4.24C and 4.25A). This
results in constant isometric activity of superficial paraspi-
nal muscles.

Further, chest aligned behind the pelvis (see Figures
4.24D and 4.25C) resulting in a fixed thoracic kyphosis, lack

FIGURE 4-25. (A) Forward drawn chest position. (B) Ideal stance
position. (C) Chest aligned behind the pelvis. (D) “Open scissors syn-
drome.” The arrows indicate abnormal chest position under pathologi-
cal conditions.

of segmental movement in mid-thoracic segments, rounded
shoulders, short pectoralis major (Figure 4.26D,C).

“Look for open scissors syndrome” (Figure 4.24B and
4.25D), which is the most common postural pathology,
with the oblique position of the diaphragm, its anterior
attachments more cranial than the posterior attachments
(costophrenic part) concurrent with an oblique pelvic
axis in sagittal plane as a result of anterior pelvic tilt. This
usually is related to lumbar hyperlordosis and hyperac-
tivation of superficial paraspinal muscles. Retraction of
the shoulder blades is also a common finding in this
syndrome.

Observe muscle tone distribution and contour of the
abdominal wall. It should be fairly relaxed when standing.
An “hourglass syndrome” can be observed, especially in
women. For aesthetic reasons, they perform hollowing of
abdominal wall which compromises both, the stabilization
and breathing patterns (Figure 4.26B,C).

Respiratory Pattern

Functionally, posture and respiration are interdependent,
forming one functional unit (26-30,34,36). Dysfunction in
one compromises the other and vice versa. The training of
ideal posture must be concurrent with training of the ideal
breathing pattern. One of the key prerequisites for physi-
ological spinal stabilization and respiration is the position
and dynamics of the chest. Under physiological conditions,
the thoracic spine is upright (and elongated), and the chest
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FIGURE 4-26. (A) Physiological contour
of the abdominal wall. (B and C) “Hour glass
syndrome.” The dashed lines in A and B indi-
cate the diaphragm. The thin curved arrows
indicate abnormal activation of the abdomi-
nal wall, the thin upward pointing arrow
illustrates cranial movement of the umbilicus
under pathological conditions, and the thick
arrows illustrate pathological narrowing of
the abdominal wall.
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remains in a caudal position during both, inhalation and
exhalation (see Figure 4.19B). Accessory respiratory muscles
should not be activated for regular, tidal breathing (1,33,34).
During inhalation, the lower chest aperture expands propor-
tionally in all directions as the diaphragm drops and flat-
tens out (Figure 4.27A). The clavicles should have a slight
upward slope (25°-29°); horizontal position maybe a sign
of short (hyperactive) accessory respiratory muscles. Under
pathological conditions, the diaphragm is not flattening ade-
quately; it stays in an oblique axis. Excessive cranial/caudal
movements can be observed at the sternum (Figure 4.27B).

Between 4-6 weeks of age, when the infant starts to
lift the head against gravity when prone or lifts the legs
when supine, the diaphragm starts to develop a dual func-
tion, simultaneous postural and respiratory function.
Physiologically, with every postural activity (both, during

breathing and breath holding), the diaphragm descends
and flattens out. Its attachments on the lower ribs are
stabilized by abdominals, and the centrum tendineum
is pulled caudally toward the lower ribs (Figure 4.28B).
With dysfunction, however, the diaphragm does not
descend adequately during postural activities; the direc-
tion of muscle activity reverses and is pulled toward the
centrum tendineum (Figure 4.28A), clinically resulting in

the “hourglass syndrome” (Figures 4.26B,C and 4.28A).
Testing the Stereotype of Respiration

Supine

The patient is in the hook-lying position or with legs lifted
above the table (90° flexion at hips and knees), with the
lower legs supported.

FIGURE 4-27. (A) Healthy breathing
pattern. The diaphragmatic axis is almost
horizontal. During inhalation, the diaphragm
moves caudally while the sternum moves
anteriorly. There is proportional expansion
of the lower chest (widening of the inter-
costal spaces). (B) Pathological stereotype
of ventilation; the axis of the diaphragm
is in an oblique position. The entire chest
moves cranially with inhalation and cau-
dally with exhalation with minimal or absent

expansion of the lower chest (narrowed
intercostal spaces). The lower chest cavity
is “locked” with shallow inhalation, subse-
quently placing increased demands on the
accessory muscles of respiration.
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FIGURE 4-28. (A) Pathological postural diaphragmatic activa-
tion in the “hour glass syndrome.” There is insufficient flatten-
ing of the diaphragm and direction of muscle activity toward the
centrum tendineum (central tendon), with stiffness of the lower
chest and disproportional activation of the abdominal wall toward
the umbilicus. The upward pointing dashed arrow indicates a
pathological cranial position of the umbilicus. The curved dashed
arrows indicate pathological concentric activation of the abdomi-
nal wall. The medium arrows indicate abnormal contraction of the
diaphragm toward the centrum tendineum. The thick black arrows
indicate pathological narrowing of the abdominal wall. (B) Physi-
ological postural diaphragmatic activation: The diaphragm moves
caudally, with its attachments fixed and stabilized on the lower
ribs by the abdominals; intercostal spaces widen as the lower chest
expands, and there is proportional activation of all the sections of
the abdominal wall. The medium arrows indicate the correct dia-
phragm contraction toward the lower ribs (centrum tendineum
descending). The dashed arrow indicates the correct neutral posi-
tion of the umbilicus. In both (A) and (B), the double-ended arrows
demonstrate diaphragmatic excursion (greater in B, the physiologi-
cal case, than in A, the abnormal one).

Observe tidal breathing pattern. Watch and/or pal-
pate accessory respiratory muscles. The muscles should be
relaxed. The clavicles should not move cranially and cau-
dally during breathing. Palpate the sternum; it should not
shift cranially with every inhalation. The sternum normally
remains in a caudal position in the transverse plane during
both, inhalation and exhalation.

Palpate the lower intercostal spaces on the lateral aspects
of the chest; these spaces should expand or widen with
every inhalation.

Palpate the laterodorsal sections of the abdominal wall;
these areas should expand with every inhalation. Palpate the
abdominal wall above the groin; these areas should expand
with every inhalation.

Manually bring the chest (sternum) passively to a cau-
dal position (see Figure 4.19B). While maintaining the
sternum in a caudal position, instruct the person to take a
breath. The sternum (and your hand) should not be pulled
cranially.

Sitting
The same principles apply as for the supine position.

The patient is sitting facing the clinician, with arms
and legs relaxed (Figure 4.29). Palpate above the groin and
instruct the patient to take a deep breath as if to “breathe
into or push against your fingers.” During inhalation, the
abdominal wall should expand ventrally, caudally, and
laterally.

The clinician is behind the seated patient. Palpate pos-
terior aspects of the lower intercostal spaces on both sides
and instruct the person to take a deep breath (Figure 4.30).
You should feel simultaneous and symmetrical expansion of
the lower chest (dorsally and laterally) and widening of the
intercostal spaces. There should not be any cranial move-
ment of the chest or trunk.

The clinician stands behind the seated patient. Pal-
pate the laterodorsal aspects of the abdominal wall just
below the lower ribs (see Figure 4.30). Instruct the per-
son to breathe in and breathe out. After a full exhalation,
instruct the patient to push against your fingers. This is
a test for postural function of the diaphragm. The cli-
nician should feel symmetrical and strong expansion of
the abdominal wall against his fingers. The expansion is
proportional in all directions. If the person is facing the
mirror during this test, you should also see ventral expan-
sion of the lower chest and the abdominal wall. Hollow-
ing of the abdominal wall is a sign of abnormal stereotype
and paradoxical activation of the diaphragm (see Figures

4.26B and 4.28A).

FIGURE 4-29.
to breathe into your fingers and/or to push against your fingers. In
both cases, you should feel strong symmetrical activation (lateral,
anterior, and caudal) while the umbilicus is stabilized (i.e., not pulled
cranially and inward as on the picture where you can see pathological
pattern) and the patient should remain relaxed.

Palpate above the groins (arrows): Ask the patient
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FIGURE 4-30. Diaphragm test. Palpate lower intercostal spaces
and below the lower ribs. Ask the patient to breathe into your fingers
and/or push into your fingers (arrows; inspiratory diaphragmatic activ-
ity) while holding their breath (purely postural activity of diaphragm).
In both cases you should feel a strong symmetrical activation. There
should not be any concomitant thoracic spine flexion synkinesis or
shoulder elevation during the test.

How to Train Optimal Breathing

Begin the training in a supine position with legs bent
and feet supported on the table or floor. Place your hands
on the side of the patient’s lower rib cage and guide the
patient how to bring the chest down (see Figure 4.19B).
Bring the patient’s chest down with your hands (spine
should stay in contact with the floor and not flex for-
ward). While inhaling, the patient must expand the lower
chest wall sideways toward your hands, keeping the neck
and shoulder muscles relaxed as much as possible. When
exhaling, allow the chest to relax passively without any
contraction of the abdominals. If relaxation of the abdom-
inals during exhalation is difficult, ask the patient to place
his/her hands on his abdomen for feedback to monitor for
excessive tension.

Progression in Exercise Complexity
All the principles described above should be considered for

any exercise prescription in any initial position (lying, sit-
ting, standing, quadruped, oblique sitting, etc.). Regardless
of the exercise position, the quality and the pattern of sagit-
tal stabilization require adequate muscle coordination and
balance under physiological conditions.

We recommend to begin training in basic, that is, the
easiest positions (4.5 month developmental age, prone
and supine) in order to reset muscle coordination for deep
intramuscular core stabilization (see Figures 4.18A and
4.20A). Any basic position can be advanced by applying
resistance and/or by adding limb movement (see Figure
4.16). The amount of applied resistance and the amount
of movement have to be matched to the patients ability
to stabilize the core—spine, trunk, pelvis—without any

compensatory movement. The same principle is applied
in higher, advanced, or more challenging positions. There
are three options to utilize developmental positions during
training: 1) training in a particular developmental position
itself, 2) training in a transitional phase from one develop-
mental position to another (e.g., from supine to side-lying,
from oblique sitting to quadruped), or 3) training only a
specific segment of the locomotion phase (e.g., initiation
of turning process).

Dynamic Neuromuscular Stabilization
Principles for Exercise

The lower the position of the patient to the ground or table,
the easier the exercise. For example, it is usually easier to
train the proper stereotype of breathing (or any movement,
e.g., throwing) in supine than in a quadruped position.

The higher the position is, the more unstable the per-
son becomes; thus, the exercises become more challenging.
Hence, progression of the exercise should proceed from
lower, more stable to higher or more unstable positions.

For any type of exercise, always choose positions
where the person can properly maintain sagittal stabiliza-
tion and breathing stereotype. If the person exercises with
an incorrect stereotype of stabilization and breathing, the
pathology will be reinforced as a result of the exercise (see
Figure 4.17).

To further challenge the physiological stereotype of
stabilization, resistance (e.g., barbell) to the dynamic
movements of extremities can be introduced or added.
The resistance must be adequate to the person’s ability
to properly stabilize. If an abnormal stereotype of stabi-
lization or breathing is observed, the resistance should be
reduced (see Figure 4.17).

Loading up of the weight-bearing zones can/will assist
in stabilization.

Centrate the supporting segments.

To make the exercise more challenging, reduce the num-
ber of supporting segments (e.g., in bear position the per-
son is asked to lift one leg or arm, or both contralaterally)
(Figure 4.42C,D).

Exercise in various positions (e.g., the tennis player
may train the stroke in supine, oblique sitting, or tripod
positions).

Have the person focus on the exercise for the purpose of
training body awareness.

SAMPLE EXERCISES

Basic Exercises
Supine Position (4.5 Months)

This position corresponds to the position of a 4.5-month-
old infant in supine and having the ability to lift its legs
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FIGURE 4-31.
4.5 months developmental position, with legs supported.

above the table up to 90° in hips and knees (Figure 4.31A).
This is a fundamental position for further advanced posi-
tions and movements (see Figure 4.31B). All the trunk
muscles (abdominals, back muscles, diaphragm and pelvic
floor) are well coordinated for integrated spinal stabiliza-
tion, which is a basic prerequisite for any movement.

Initial Position

In the supine position, the head, chest, spine and pel-
vis are in a neutral position (see Figure 4.31B); the head
is supported on the nuchal line, the neck is neutral, the
entire spine maintains contact with the table (floor) with-
out hyperextension. The axis of the chest and the pelvis is
parallel and perpendicular to the ground. The shoulders
and arms are relaxed. The hips and knees are flexed to
90 degrees. Start with the legs supported under the calves
and progress by removing leg support (Figure 4.32).

Exercise Performance

After a few regular breaths, bring the chest into a relaxed
position toward the hips. Take a normal breath and direct
the breath into the pelvis (pelvic floor). Use your hands
to make sure the inhalation goes as far as the groin and
increas muscle tension in this area as a result of both,
inhalation and voluntary activity. Keep repeating this
activity while still breathing in and out. Gradually, lift
one leg and then the other leg away from the support.
Repeat 3—5 times as long as all body parts are coordinated
and maintained in the proper position. You can make the
exercise more challenging by moving the legs alternately
into extension.

Exercise Errors

These include elevation of the shoulders (shoulder protrac-
tion), head and neck hyperextension, chest and rib cage
elevation, the belly button being drawn in, using excessive

effort, and/or holding the breath.

(A) A 4.5-month-old infant can already hold the legs above the table while stabilizing the core. (B) Basic supine exercise, based on

FIGURE 4-32.
sure the hips are well centrated during the entire exercise (90° flexion
and slight external rotation at the hips). Support or weight bearing is
at the level of the upper gluteal muscles. The exercise should be dis-
continued if the back arches into extension or if the subject is unable to
maintain the hip and knee position.

Basic supine exercise with legs unsupported. Make

Maodification in Supine Position with Thera-Band
(Figure 4.33)

Initial Position

The position is identical to the basic supine exercise. Thera-
band is wrapped around the shins (just under the knees),
crossed from the front to the back side, and brought for-
ward around the thighs (just above the knees). The band is
held in the palms (wrapped twice), with the free end placed
between the thumb and the index finger. Elbows are flexed
to 90 degrees. (Figure 4.33A).

Exercise Performance

Maintain the basic supine position with the head, spine,
trunk, and pelvis in a neutral position. Breathe into the
area above the groin. Supinate your hands while perform-
ing external rotation at the shoulders (see Figure 4.33B).
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FIGURE 4-33. Modification of basic exercise in supine using resistive band. (A) Initial position. (B) Exercise performance, with supination and

external rotation of the arms against the resistance of the band.

Exercise Errors

These include holding your breath, spine extension, chest
elevation, and hip and knee internal rotation.

Prone Position (4.5 Months)

A healthy 4-month-old infant in prone is able to bring its
elbows in front of the shoulders, support itself on the medial
epicondyles, and lift the head with an upright cervical and
upper thoracic spine (Figure 4.34A). This movement is fea-
sible only when the posterior and anterior muscles of the
torso work in proportional coactivation (see Figure 4.12)
and the shoulder girdle muscles are well coordinated with
serratus anterior and the diaphragm to maintain the shoul-
der blades in a neutral position, “caudal position.”

Initial Position

Prone position with elbows in front of shoulders at the level
of the ears and the head supported on the forehead (see
Figure 4.34B).

Exercise Performance

Position the shoulders caudally and broadly (not retracted).
Trunk is supported at the level of the symphysis or ASIS.

Lift the head slightly with cervical and upper thoracic
spine upright; the movement should initiate in the
mid-thoracic spine between the shoulder blades (see

Figure 4.34C).

Exercise Errors
These include hyperextension of the neck (Figure 4.35A),

elevation and/or protraction of the shoulders, retraction of
the shoulder blades (Figure 4.35B), hyperextension of the
T/L junction or lumbar spine and anterior pelvic tilt (see
Figure 4.23B).

Modification in Prone Position
Initial Position

The elbows and the forehead are supported on the
end of the table, with the lower torso and pelvis lying
on a gym ball and the feet resting freely on the floor
(Figure 4.36A).

Exercise Performance

Slightly depress the shoulders and press the elbows onto the
bench, lift the head slightly from the bench, and press the
pelvis slightly into the gym ball (see Figure 4.36B).

FIGURE 4-34.
tion. (C) Exercise performance: Lift the head with cervical and upper thoracic spine upright; the movement should be initiated at the mid-thoracic
segments (between the shoulder blades [arrow]).

(A) Ideal model of 4.5 months prone position. (B) Basic prone exercise, based on 4.5 months developmental position. Initial posi-
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FIGURE 4-35.

Poor performance and movement pattern of head extension. (A) Neck hyperextension, with kyphosis of cervicothoracic junction
(arrow). (B) Retraction of the shoulder blades (arrows).

FIGURE 4-36.

Modification of basic prone exercise. (A) Initial position with elbows supported on the end of a bench or table, with the lower torso

and pelvis supported on the gym ball. (B) During exercise, the head is lifted from the bench with extension starting at the mid-thoracic spine and the

pelvis is slightly pressed into the gym ball (arrows).

Exercise Errors

These include shoulder elevation, hyperextension of the
lower thoracic and lumbar spine, and flexion of the lumbar
spine with posterior pelvic tilt.

Side Sitting Position (7 Months)

This exercise trains the stabilizing function of the support-
ing shoulder and the functional interplay between the mus-
cles of the shoulder girdles and the lower torso.

Initial Position

This corresponds to the side sitting position of a healthy
7-month-old infant, when the forearm is used for support
(Figure 4.37). For exercise, the support is on the forearm
(the elbow is located under the shoulder) and on the side
of the buttock. The top leg is supported in the front of the

FIGURE 4-37.
support on the forearm. This position is a snapshot of the movement
transition from supine or sidelying to quadruped.

Healthy 7-month-old infant, showing side sit with
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FIGURE 4-38.
elevated, with the top leg still supported on the medial condyle of the knee. (C) Lifting the pelvis in side sitting position; support is shifted from the
buttock toward the lateral condyle of the knee (arrows) of the bottom leg.

(A) Initial side sitting position with the top leg supported on the medial condyle of the knee. (B) Trunk rotation with the top arm

bottom leg on the medial side of the knee (Figure 4.38A)
or on the foot (Figure 4.39A). The entire spine is straight,
including the neck and the head.

Exercise Performance

The bottom shoulder is pulled down away from the head.
The top arm is raised above the shoulder and the entire trunk
rotates forward (Figures 4.38B and 4.39B). Support on the
buttock shifts toward the knee (Figures 4.38C and 4.39C).
Repetition is performed 3-5 times only as long as all body
segments are coordinated and kept in the proper position.

Exercise Errors

The bottom shoulder is elevated and protracted and/or the
spine is not uprighted (hyperextended or sagged).

Modification: Side Sitting Position with
Hand Support

Initial Position

This corresponds to the oblique sitting position with hand
support of an 8-month healthy infant (Figure 4.40A). The
supporting hand is placed in line with the pelvis next to
the supporting buttock. The bottom leg is semi-flexed at the hip
and knee, the top leg is supported on the foot placed in front
of the bottom knee. The spine is straight (see Figure 4.40B).

FIGURE 4-39.

Exercise Performance

Keep the shoulder of the bottom arm depressed and
raise the other arm. Lift the pelvis from the supporting
position and weight bear on the bottom knee and the
foot of the top leg. Movement continues in the forward
direction by rotating the torso toward quadruped pos-
ture (see Figure 4.40C,D).

Exercise Errors

These include shoulder elevation, spine extension or flex-
ion, weight-bearing elbow hyperextension, and/or the
disproportional weight bearing of the supporting hand
(overloading of the hypothenar and insufficient weight
bearing of the thenar).

Advanced Exercises: Higher Postural
(Developmental) Positions

Quadruped Position

The position on all fours is the initial position for crawl-
ing when an infant reaches the age of about 9 months
(Figure 4.41A). This exercise is important for maintaining

straightening of the spine while the extremities are stabi-
lized in a closed kinetic chain. This quadruped position is
useful for athletes to train their ability to straighten up the

(A) Initial side sitting position with the top leg supported on the foot. (B) Trunk rotation with arm reaching forward (the top leg

is supported on the foot). (C) Lifting the pelvis in a side sitting position support is shifted from the buttock toward the lateral condyle of the knee
of the bottom leg. The arrows on the supporting side indicate that the scapula is fixed in a caudal and abducted position. Note the pattern of
scapular stabilization—the lower (supporting) scapula is in caudal position adhering to the rib cage, its medial border parallel with the spine (not
elevated or winging).
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FIGURE 4-40.

Side sitting position with hand support. (A) Oblique sitting position in a healthy 8-month-old infant. (B) Initial position for exercise.

(C) Exercise performance—lifting the pelvis and loading the bottom knee (front view). (D) Exercise performance—shoulder girdle stabilization. The

shoulder blade should not be winging (posterior view).

FIGURE 4-41.
(C) Exercise performance—shifting the trunk forward and backward.

spine with activation of the shoulder, hip, and trunk sta-
bilizers (abdominals, back muscles, diaphragm and pelvic

floor).

Initial Position

In order to perform good quality of quadruped position
and crawling, the body segments must be properly aligned:

Quadruped exercise. (A) Quadruped (crawling) position in a healthy 9-month-old infant. (B) Quadruped exercise—initial position.

the shoulder girdles are positioned over the well-supported
hands in a fully loaded neutral/centrated position: weight
distribution must be proportional on all metacarpophalan-
geal joints (equally on the thenar and hypothenar areas). The
hip joints are in slight external rotation, positioned above
the supported knees, while the shins and feet converge. The
entire spine and the trunk are upright (see Figure 4.41B).
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Exercise Performance
Push the right hand and left knee (and shin) down to the

support and hold for a few seconds. Do the same on the
opposite side. Repeat 3—5 times only if the body alignment
is correct.

Move the trunk forward and backward 3-5 times. At
the same time, keep the shoulders away from ears and focus
on elongation of the spine (see Figure 4.41C).

Exercise Errors

These include elevation and protraction of the shoulders,
sagging of the torso, extension (lordosis) of the spine,
hyperextension of the elbows, and/or disproportional

weight bearing through the hands.

“Bear” Position

“Bear” position is a natural transitory position of an infant
older than 10-12 months (see Figure 4.42A). The infant
uses the “bear” position to transfer from kneeling to squat
and to stand up. This exercise is useful to train shoulder
stabilizers with a coordinated interplay of the trunk and
pelvic muscles.

Initial Position

The support is on hands and feet. The hands are loaded
equally on the thenar and hypothenar aspects, shoulders
are aligned above the hands, feet are supported on forefeet
or on the entire soles (advanced version), and the knees and
hips are slightly flexed with the pelvis positioned higher
than the head. The spine is elongated without any associ-
ated flexion or hyperextension (see Figure 4.42B).

Exercise Performance

Push the right hand and the left foot down to the floor and
keep the spine as straight as possible at the same time. Do
the same on the opposite side. Repeat a few times.

Push the right hand and the left foot down to the floor
and slowly lift the opposite hand and/or foot, while main-
taining uprighting of the entire spine and neutral position
of the chest at all times (see Figure 4.42C,D).

Exercise Errors

These include disproportional weight bearing of the hands
with overloading of the hypothenar aspect and supination
of the forearm, elevated and protracted shoulders, sagging

FIGURE 4-42.
cise—initial position. (C) Exercise performance—Tlifting one leg, while keeping the spine straight and the pelvis level. (D) Exercise performance—
lifting one hand while keeping the spine straight and the shoulders level.

“Bear” exercise. (A) “Bear” position in a 12-month-old healthy infant (transition from quadruped to standing). (B) “Bear” exer-
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trunk, the spine in kyphosis or extension (lordosis), internal
rotation at the hips with the knees turned in (valgosity of
the knees), disproportional loading of the feet with medial
aspect overloaded, and the pelvis dropped on the side of
the lifted leg.

Squat

The squat is a transitory or play position for an infant older
than 12 months (Figure 4.43A). This exercise is used for
training coordination of trunk and hip muscles (ideal train-
ing of coactivation between the diaphragm and the pelvic
floor). Precise body alignment and focused movement are
very important.

Initial Position

It is necessary to stand with the feet apart and positioned
at hips’ width. The spine, chest, and pelvis are in a neutral

position (see Figure 4.43B,C).

Exercise Performance

Perform the movement slowly, with the spine upright
and the knees aligned above the big toes (the knee must
not shift forward). Gradually, lower the hips to the level
of the knees while keeping the arms relaxed at the side
or slightly reaching forward. Maintain the posture for a
few relaxed respiratory cycles, while directing the inhala-
tion to the lower and lateral part of the chest and down
toward the pelvic floor (like “inflating the pelvis”) (see
Figure 4.43B,C).

Exercise Errors

These include internal rotation at the hips while the knees
“cave” into valgosity, anterior pelvic tilt, spinal kyphosis

FIGURE 4-43.
ing is directed to the lower and lateral parts of the chest (side view). (C) Squat exercise (posterior view)—avoid scapular retraction, forward drawn
chest position, and anterior pelvic tilt.

(or lordosis), “inspiratory chest position,” and elevated and
protracted shoulders.

Dynamic Neuromuscular Stabilization
Exercise Modifications for
Sports Techniques

Throwing

Prone Exercise on Gym Ball with Bilateral
Hand Support

Initial Position

Lie prone over a gym ball and roll forward and reach with
the hands to the point when the thighs or the knees are sup-
ported on the ball. The head, spine, and the pelvis are kept
in a horizontal plane (Figure 4.44A). This position trains
basic core and scapular stabilization prerequisite for throw-
ing motion.

Exercise Performance

Move the body forward on stabilized hands as far as you can;
keep the spine upright, the shoulder blades adhered to the
rib cage, and the chest in neutral position and aligned par-
allel with the pelvis at all times (see Figure 4.44B). Repeat
the rocking forward and backward movement a few times.
Make sure your hands are weight bearing proportionally
throughout the whole exercise to prevent overloading of the

hypothenar part of the hand.

Exercise Errors

These include chest or torso sagging down, elevated shoul-
ders, pelvis that drops into an anterior tilt position, and

cervical hyperextension.

Squat exercise. (A) Squat position in a 12-month-old healthy infant. (B) Squat exercise—while keeping the back straight, breath-
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FIGURE 4-44.
(A) Shoulders aligned above the hands. (B) Exercise performance—shifting the body forward on fixed hands, keeping the entire body level.

Side Sitting with hand support (See Side Sitting Position,
Figure 4.40) can also be used to train optimal muscle
coordination in order to achieve stabilization prerequisite
for throwing movement

Exercise with Thera-Band in a Standing Position
(Forearm and Knee Support Against Wall)

Initial Position

Stand in a corner and support the elbow and the forearm
on the wall. The front leg is slightly bent at the knee and
slightly pressed against the wall, whereas the back leg is
extended at the knee and loaded on the entire foot—equally
on the lateral and medial side (Figure 4.45A).

Exercise Performance

Attach the Thera-band (attached behind) to the free hand
and pull it forward at various angles and planes of shoulder
elevation (see Figure 4.45B-D).

Exercise Errors

These include shoulder elevation, retraction of shoulder
blades, spinal hyperextension or hyperkyphosis, chest eleva-
tion or “inspiratory position of the chest,” and valgosity of
the knee and the hip of the supporting leg.

Kicking

Basic Supine Exercise with Legs Unsupported and Alter-
nately Moved into Extension (See Supine Position Fig. 4-32)

Lunge and One-Leg Stance

Initial Position

This involves standing with a good centration of the feet—
equal amount of weight bearing and neutral position of the
pelvis, trunk, and entire spine.

Exercise Performance

Lunge forward with the right leg and swing the left arm
forward and the right arm backward to a horizontal level

Prone exercise on gym ball with bilateral hand support. Initial position, with hands on the floor and legs supported on the gym ball.

(see Figure 4.46A). Shift the body weight forward to the
right leg and extend the knee. In this position, swing the left
leg forward to bend the hip and knee to 90°, while bring-
ing the left arm backward and the right arm forward (sce
Figure 4.46B). Perform a few slow repetitions on each side.

Exercise Errors

These include hyperextension of the spine, “inspiratory”
or forward-drawn chest position, “caving in” of the knee
and the hip of the lunging leg, the knee of the supporting
leg shifting past the big toe (the knee should be aligned
above the big toe), and shoulder elevation while swinging
the arm.

Jumping, Taking Off
The following already described techniques can be
used to train stabilization coordination as a prerequisite

for jumping and taking off: Lunge and One-Leg Stance
(Figure 4.46)

Squat (See Squat, Figure 4.43)
Lunge on the Step and Taking Off
Initial Position

Lunge forward on the right leg (or the nondominant
one for taking off) onto a step at about the height of
the left knee. The knee is positioned over the ankle

(Figure 4.47A).

Exercise Performance

Load the right foot and unload the left foot from the heel as
the left foot is only supported on the toes while maintain-
ing equal weight bearing on both sides of the lunging foot.
When weight bearing on the lunging foot, swing both arms
up and forward (see on Figure 4.47B). Repeat this move-
ment 5-8 times slowly, focusing on proportional load-
ing of the lunging foot, knee joint centration, and proper
positioning of the torso. The Thera-band can be wrapped
around the pelvis and attached behind to resist the lunging
movement, making the exercise more challenging.
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FIGURE 4-45. Exercise with resistive band when standing with one forearm and knee supported against the wall.
(A) Pulling the band in the plane of the body. (B) Pulling the band forward with shoulder abducted. (C-D) Pulling the band
forward and upward.
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FIGURE 4-46. Lunge—one-leg stance exercise. (A) Forward lunge with reciprocal arm swing. (B) Second phase of the exercise: Switching from

a lunge to one-leg stance, while changing the position of the arms.

FIGURE 4-47.  Lunge exercise on the step. (A) Initial position. (B) Exercise performance—shifting the support from the extended
leg toward the lunging leg. Left foot—heel off, weight-bearing lunging (right) foot while swinging both arms forward.

Exercise Errors

These include “caving in” of the knee and the hip of the
front leg, the lunging foot not loaded proportionally on
both medial and lateral sides, dropping of the nonlunging
hip, and an overextended or flexed spine.

Plyometric Exercise
Initial Position

Stand on a step about 30 cm (1 foot) high. Another step
10-15 cm (0.3-0.5 foot) high is placed about 50 cm (1.6
feet) in the front of the first step (Figure 4.48A).

(c) 2015 Wolters Kluwer. All Rights Reserved.



CHAPTER 4 | DYNAMIC NEUROMUSCULAR STABILIZATION

FIGURE 4-48.

Plyometric exercise. (A) Initial position. (B) Exercise performance—jumping down from the step with good centration of the spine,

hips, knees, and feet. (C) End position of plyometric exercise—after immediate jumping up on the second step.

Exercise Performance

Jump down with both feet between the steps and immedi-
ately jump up onto the second step (Figure 4.48B,C).
Exercise Errors

These include chest elevation, anterior pelvic tlt, and a
flexed or hyperextended spine.

Shooting (Hockey, Golf)

Bear Exercise (See “Bear” Position, Figure 4.42)
Squat and Twist with Thera-Band

Initial Position

It is necessary to stand with the feet apart, feet and knees
pointing out, and the knees slightly bent. The spine is kept
upright. A Thera-band is attached to one side and the free
part of the band is wrapped with both hands in front of the
chest (Figure 4.49A).

Exercise Performance

Rotate the trunk to pull on the Thera-band, while main-
taining the pelvis in the original initial position (the pel-
vis should not rotate!). Keep both feet equally loaded on

FIGURE 4-49.
pulling the band.

Squat with trunk rotation against resistance. (A) Initial position. (B) Exercise performance, rotating the trunk while
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FIGURE 4-50.
and stabilization pattern in the weight-lifter and the infant are identical. Note the neutral position of the chest and the shoulder girdles. (B) Note the
scapular stabilization pattern (caudal/neutral scapular position) and activation pattern of the lateral and dorsal parts of the abdominal wall are similar
in both, the rock climber and the infant. There is no bulging of the lateral abdominal wall unlike the pathological pattern depicted in Figure 4.14A. (C)
Note the ideal uprightness of the entire spine in the sitting position of bath, the healthy 3-month-old infant and the sumo wrestler. For all of the above
six postures, ideal balance between anterior and posterior musculature (including pelvic floor and diaphragm) is necessary.

both lateral and medial sides (see Figure 4.49B). Repeat the
exercise slowly or a few times, as long as proper alignment
of all body segments is maintained.

Exercise Errors

These include loss of foot contact, rotation of the pelvis,
and elevation of the shoulders.

CONCLUSION

During all the exercises described above, DNS principles
described in the first two sections of this chapter should be
incorporated. In addition to injury prevention, athletes can
enhance their sports performance when they understand the
developmental principles and functionally centrate the joints

Comparing the quality of stabilization of and athlete to the one of a healthy infant. (A) Note that the hip, knee, and feet position

during training (Figure 4.50). Those with inadequate body
image and compromised functional centration due to pain
and protective patterns, anatomical abnormalities, etc., are
at higher risk for injuries. Further, their sports performance
in terms of maximum speed, strength, and quality will be
affected. The ultimate goal of using DNS in both, treatment
of athletes and sports training is to stabilize the torso for ideal
centration of all the joints for smooth and efficient move-
ment as demonstrated in physiological development.
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Liebenson

The Clinical Audit Process and
Determining the Key Link

INTRODUCTION

The primary goals in patient care or athletic development
are to decrease activity intolerances (i.e., walking, sitting,
bending), reduce pain, promote fitness, and prevent injury.
To enhance function requires an assessment of the patient
or athlete’s functional capacity and/or movement pat-
terns, in particular, to identify a “key link” or functional
pathology. Common faulty movement patterns that should
not be missed include dysfunction involving

* Carrying or squatting ability in a lumbar disc patient (1)

* Single leg squat in a patellofemoral pain syndrome
patient or to reduce the risk of anterior cruciate liga-
ment injury (2)

* Scapulohumeral rhythm in a rotator cuff syndrome
patient (3)

* Cervicocranial flexion in a neck pain or headache

patient (4)

But this is just a clinical hypothesis. Each patient is unique,
and your patient may be an outlier. To determine this
requires an empirical process involving testing, correct-
ing, and retesting. This is termed the clinical audit process
(CAP) (Table 5.1) (5-11). When using the CAP it has
been shown that “within-session” improvement predicts
“between-session” improvement. If posttreatment audit of
the patient’s mechanical sensitivity (MS) showed improve-
ment, those patients were at least 3.5 times more likely to
have between-session improvement (Table 5.2) (12).

The CAP guides care by aiding the musculoskeletal pain spe-
cialist in determining what they can do for the patient (modal-
ity, manual therapy, or exercise), what the patient can do for
themselves (exercise), and the patient’s prognosis (12,14-16).
Since pain as a rule recurs, it is necessary that a self-care exercise
be found which empirically reduces the patiencs MS (17). If the
patient only attributes a successful outcome to manual therapy
(or other passive care), then dependency rather than indepen-
dent function has been achieved (18-21). In order to enhance a
patient’s motivation to comply with a self-care routine, it is rec-
ommended that active care be performed prior to passive care.
When the patient sees that their MS is less after active self-care,
they will automatically want to do the exercise(s).

According to Cook (13), using a reassessment process is
critical to systematic treatment planning (Table 5.3).

THERAPEUTIC TRIAL: THE CLINICAL
AUDIT PROCESS

The therapeutic trial begins by performing an active
movement assessment to find a painful motion that
reproduces the patient’s chief complaint (Figure 5.1).
The assessment is of active rather than passive motion
and includes range of motion, orthopedic (i.e., Kemp’s),
or functional (i.e., squat) testing. This painful motion is
termed the patients MS. This will be the independent
variable in the therapeutic trial. If a patient is not in pain
but is seeking preventative care, enhanced fitness (i.e.,
improved mobility, endurance), or athletic performance
gains, then the CAP looks for painless dysfunctional
movements instead of MS.

There are two clinical situations in which an MS can-
not be found. The first occurs when the patient has pos-
tural pain. In this case the pain is typically intermittent and
aggravated by prolonged static loading (sitting, standing,
lying) (20). There is a positional sensitivity, but it takes a
prolonged period of static load to elicit any sensitivity. The
treatment is a prescription of ergonomic advice/training
and microbreaks. In this case, in the course of the typical
timeline for a functional evaluation there is no MS.

The second is when pain is due to central sensitization
(CS). In this case the pain is constant and not worse or bet-
ter with any mechanical loading. There is an MS, but there
are no specific movements which increase or decrease the
pain. The pain is constant and all movements hurt equally.
Patients with CS have a lower pain threshold that leads to
allodynia—pain to nonnoxious stimuli such as light pres-
sure (Table 5.4) (22-24). CS patients often are so hypersen-
sitive that they cannot even tolerate lying supine. Pressure
alone is sufficient to activate the perception of pain.

CS is a centrally mediated pain that does not require
ongoing peripheral injury, inflammation, or irritation since
it is a cortical processing dysfunction reflecting neuro-
plasticity (22,25). These somatosensory changes are likely
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TABLE5.1 | Clinical Audit Process

1. Assess: identify mechanical sensitivities and painless
dysfunctions

2. Treatment/Training: convert painless dysfunctions into
normal movement patterns

3. Reassessment: reevaluate mechanical sensitivities and
painless dysfunctions

TABLE5.2 | Mechanical Sensitivity

Definition: Movement or position which reproduces or increases
the patient’s hallmark symptoms

Synonyms:

e “Marker” test according to Gray Cook in the Functional
Movement System (13)

Functional painful test in the Selective Functional
Movement Assessment (13)

Positive orthopedic test
Provocative test
Plus sign

TABLE 5.3

Assessment System Hierarchy

According to Cook (13)

e Seta movement path baseline

e Perform a functional movement screen
e Locate and observe the movement problem
e Prioritize: find painful “marker” and/or nonpainful

dysfunctional movements

e Use corrective measures aimed at the problem
e Address the most fundamental “painless movement

dysfunction first”
e Revisit the baseline
e Reassess

sensitized and thus can signal a painful condition even
though there is very little peripheral input.” The prognosis
for patients with CS is guarded. Treatment primarily focuses
on motor control training designed to enhance motor con-

“If you want your body to feel better, feel your body move
better.” Diane Jacobs, PT.

Examination of
mechanical sensitivity

No mechanical
sensitivity

Mechanical sensitivity

to be related to dysfunctional motor control (i.e., flexion
withdrawal) (23,24). According to Nachemson (26), “vari-
ous pools of nerve cells in the dorsal columns can be hyper-

trol and alter cognitive-behavioral pain expectancies (27,28).

worse
with prolonged
static loading

Intermittent pain

Pain reproduced or
increased with specific
movements or positions
(see Figure 5.2; CAP)

Persistent pain
unchanged by
static or dynamic
loading

Postural
syndrome

Central sensitization
syndrome

Ergonomic advice

Microbreaks

FIGURE 5-1.

Motor control
training

Cognitive-behavioral
training

Algorithm for active movement assessment. CAP, clinical audit process.
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TABLE5.4  Features of Central Sensitization

e Persistent pain that does not demonstrate specific mechanical
sensitivities; in other words, all movements and positions are
sensitive

¢ Reactive to light touch—allodynia

If the patient does not have pain due to postural or
central processing factors, then it is highly likely that the
pain is of a mechanical origin. Mechanical pain is con-
firmed when some movements reproduce the patient’s MS
and others do not. Once it is established that the patient’s
pain is behaving mechanically the CAP can begin with a
therapeutic trial of exercises aimed at “re-setting” the most
significant painless dysfunction. There are three possible
responses to this treatment trial (Figure 5.2):

1. MS decreases
2. MS does not change
3. MS worsens

Mechanical Sensitivity Decreases

If the patient’s MS decreases after “re-setting” a key painless
dysfunction, then you have found a treatment that has cre-
ated a “within-session” improvement. This predicts a high
likelihood of “between-session” improvement in the patient’s
activity intolerances. If an exercise is found which decreases

«

the MS during the posttreatment audit, then this should be
prescribed as self-care. Patients in this category are confirmed
to have mechanical pain and a good prognosis.

Fast-Track Care

Finding an exercise that reduces the patient’s MS is the
beginning, but not always the end. We want to search
for the hardest, most functionally relevant exercise that
the patient does well. Such a functional approach is con-
stantly shifting over time as we continuously recalibrate
where the “edge of capability” is.

The self-care exercise that has been adjudicated is consid-
ered to be in the patient’s functional training range (FTR)—
“the range which is both painless and appropriate for the task
at hand” (29). The CAP is a key to expanding the patient’s
FTR. The exercise in a patient’s FTR satisfies these criteria (9):

* Dainless (or symptom centralizing)
* Appropriate (good motor control)
* Posttreatment audit that demonstrates a decrease in

MS (ideally)

Mechanical Sensitivity Does Not Change

If the patient’s MS does not change, then attempt further
therapeutic trials to seek an alternative exercise, manual
therapy, or modality which reduces the patient's MS. If no

range

Exercise in the
functional training

Mechanical sensitivity
decreases

Mechanical sensitivity
does not change

Mechanical sensitivity
worsens

Activity intolerances
improve quickly
Simple mechanical
problem

Attempt alternative
exercise, manual
therapy, or modality

Acute pain
Chemical-inflammatory pain
Prognosis good
after a short delay

Chronic pain
Guarded prognosis
Central sensitization

Mechanical
sensitivity decreases

Mechanical sensitivity
does not change

Activity intolerances
improve quickly
Simple mechanical
problem

Prognosis guarded
Complex central
sensitization syndrome

FIGURE 5-2.  Algorithm for testing response to a treatment—the clinical audit process.
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procedure can be found which changes the patiencs MS
and the patient has chronic pain, it is likely the patient has
CS (see above).
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Mechanical Sensitivity Worsens

If the patient’s MS worsens and the patient has acute pain,
it is likely that the pain generator is acting irritably and has
a chemical component (i.e., inflammatory). In this case the
initial treatment is to temporarily “let pain be the guide”
and invoke anti-inflammatory strategies (relative rest, ice,
fish oil, nonsteroidal anti-inflammatory drugs). The prog-
nosis for this patient is excellent for a speedy recovery after
a short delay.

If the MS worsens and the patient is a chronic, recurrent
pain patient, it is likely that the pain generator is sensitized
from central sources (see above).

Are All Conservative Treatments the Same?

* 181 consecutive patients with sciatica were given
active generic exercise or symptom-guided exercise

* Most subjects had suffered sciatica for 1-3 months,
with 18% having symptoms for 3-6 months

* 65% of patients had three of more positive nerve root
compression signs and thus were surgical candidates

* All had received prior conservative care

« After 8 weeks of treatment, 74% of those that received
symptom-guided exercises were back at work in
contrast to 60% of those receiving generic exercises

* Those who suffered sciatica for 3-6 months fared just
as well as those whose symptoms were of shorter
duration

Conclusions

1. Failure of conservative care is not an indication for
spine surgery.

2. Symptom-guided exercise is more successful than
generic exercise.

Albert HB, Mannice C. The efficacy of systematic active conservative treat-
ment for patients with severe sciatica. Spine 2012;37:531-542.

PATIENT CATEGORIES

Fortunately, most patients have pain of a mechanical
nature, and the prognosis for a speedy recovery is outstan-
ding. In such patients, usually the CAP will find a self-care
exercise that is effective on day 1. A subset of mechanical
patients have pain of postural origin and unless the tissue
can be spared from prolonged static overload only mini-
mal improvement will occur. Patients who have strained or
injured their tissues will often have a chemical or inflam-
matory component to their pain. Such patients have an

TABLE55 | Patient Categories

Mechanical
Static overload—postural
History alone reveals sensitivity
Treatment: postural/ergonomic advice
Prognosis: good
Dynamic overload
Examination shows mechanical sensitivity

Treatment: exercise to address the most relevant painless
dysfunction

Within-session improvement expected
Prognosis: excellent
Chemical
Examination shows mechanical sensitivity
Treatment: relative rest and deinflammation of tissues
No within-session improvement expected
Prognosis: excellent, after a short delay
Sensitization (central)
All movements are painful
Treatment: motor control and cognitive-behavioral training
No within-session improvement expected
Prognosis: guarded

excellent prognosis, but recovery will not be immediate and
there typically is no self-care exercise in the first few days.
A final group of patients who have chronic pain that hurts
with all activities have CS. Their prognosis is not ideal.
Table 5.5 summarizes the features of each clinical category.

SUMMARY

McKenzie (30) sums up the goal of the patient-centered
orientation of the CAP: “If you adopt certain positions or
perform certain movements that cause your back to ‘go
out, then if we understand the problem fully we can iden-
tify other movements and other positions that, if practiced
and adopted, can reverse the process. You put it out—you
put it back in.”

According to the World Health Organization’s revised
guidelines on disability, the goal of health care is to enable
patients to return to participation and independent func-
tioning in their chosen activities (21,31-35). The specific
outcomes used to measure progress toward these goals are
the patient’s activity intolerances in their home, recreational
activities, or occupational activities (e.g., sitting, standing,
walking, bending) (36-38). The CAP allows clinicians to
adjudicate within-session what treatments are most effica-
cious, in particular, what self-care the patient can perform
to restore function.
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Unlike most prescriptive or even evidence-informed
approaches, the CAP is truly patient-centered. Whereas
a certain prescription of care might be effective for the
majority of patients, only the CAP allows care to be
customized to an outlier. The patient’s own response to
a therapeutic trial is used to establish the prescription of
self-care. In a nutshell, the treatment recommended is the
one that is found through an empirical trial to reduce the
patient’s MS. In most cases, the clue to finding the patient’s
“key link” is in finding the most relevant painless dysfunc-
tion and then exploring different “resets” until the painless
dysfunction is normalized. In this way restoring function is
usually found to result in less pain. Thus, the CAP allows
the clinician to avoid “chasing the pain” and to focus on the
finding and correcting the source of the problem.
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ermersheim

Functional Evaluation of Faulty

Movement Patterns

INTRODUCTION

The broad impact of neuromusculoskeletal conditions on
society and our limited success in managing them warrants
a new approach. We need only look at the low back dis-
ability epidemic or the explosive rise in noncontact ante-
rior cruciate ligament (ACL) injuries for evidence of this.
The problem is that we are designed to move, yet we move
too little (sedentarism), too much (overuse), or with poor
quality (faulty movement patterns). Sedentary lifestyle is
no longer just a problem of western societies alone but has
spread like a virus to the developing nations of the world.
“Weekend warriors” along with the fitness trend of more
sets, reps, and weight without consideration of quality of
movement has led to widespread nonimpact-related mus-
culoskeletal pain (MSP) syndromes from overuse. An inad-
equate foundation of movement competency or literacy is
seen in faulty movement patterns involving fundamental
motor programs such as wupright posture, squatting, gait,
balance, and breathing. This chapter will describe a new
functional paradigm of evaluation.

A functional assessment involves both a history and a
functional examination. The history should identify the
patient’s or athlete’s current activities, goals, symptoms, and
concerns, as well as his or her past activities and injuries.
The examination has two purposes: (1) to identify move-
ments or tissues which are painful and (2) to identify faulty
movement patterns where there is painless dysfunction.
Recognizing faulty patterns that when repeated can lead to
tissue overload and injury is a key component to develop-
ing a successful corrective strategy. Beyond assessing move-
ment competency, clinical evaluation should also ascertain
any gap between the individual’s activity demands and their
functional ability (1). This gap may be thought of as a motor
control deficit which results in the loss of one’s normal sta-
bility margin of error. Such a shortfall will not only predis-
pose to injury but lessen performance potential as well.

According to Janda, “Time spent in assessment will
save time in treatment” (2). The traditional orthopedic
assessment focuses on identifying the site of symptoms
and pain generator via provocative testing. Unfortunately,

the orthopedic approach often stops there. In contrast, the
functional assessment goes one step further and secks to
identify the source of biomechanical overload. To properly
identify the victim and the culprit, it is necessary to distin-
guish the site of pain from its source (Table 6.1). Treatment
is often directed to the site of pain, which is the “victim”
of dysfunction, while the source of pain, the true “culprit,”
goes undetected. Functional assessment takes a deeper look,
to avoid the commonly applied, myopic approach.

Functional assessment achieves two main goals: (1) to
reassure patients that they do not have significant or omi-
nous pathology and (2) to individualize therapy or training
that reduces painful movements and restores function. It
has been shown that this type of empirical approach leads
to predictable between-session improvement (3-5). This
patient or athlete-centered approach is in stark contrast to
traditional approaches that follow predetermined proto-
cols, based on a specific diagnosis or isolated findings of
weak muscles or restricted mobility.

Treating the biomechanical source of pain instead of the
site of symptoms is based on a concept called regional inter-
dependence (6-10). This is the theory that dysfunction of one
anatomical region is responsible for pain or dysfunction in
another, often distant, region. For instance, it has been shown
that an ankle sprain leads to a compensatory delay in onset of
activation of the gluteus maximus on the injured side. This
persists long after the sprain has healed and thus such painless
dysfunction must be addressed in rehabilitation (11).

“After an injury tissues heal, but muscles learn. They
readily develop habits of guarding which outlast the
injury.” Janet Travell (12)

The functional assessment is a “missing link” in the
traditional medical-orthopedic assessment of MSP. Janda,
Cook, and others have called for the functional assessment
of movement patterns to become a “gold standard” for indi-
viduals with MSP (13,14). The overhead squar and single leg
squat are two such examples (see Figures 6.18 and 6.20).
The overhead squat is invaluable because it screens sagittal

plane mobility and stability. In particular mobility of the
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TABLE6.1  Distinguishing the Site vs. the
Source of Pain
Site
Pain generator (tissue)
Segmental
Isolated
Source

Repetitive strain

Insufficient capacity (i.e., “weak link”)
Faulty movement pattern

Central sensitization

ankle, hip, and thoracic spine, as well as stability of the
foot, knee, lumbopelvic, shoulder, and neck regions. It also
screens a common mechanism of injury for the low back—
end-range loading of the lumbar spine in full flexion. The
single leg squat is an essential test for most people as it is a
window into a person’s control of activities dominated by
one-legged stance, such as walking and running. It reveals
frontal plane issues in the lower quarter kinetic chain, as
well as poor core control and posterior chain strength/coor-
dination. Poor control of the single leg squat position has
also been shown to be a preventable mechanism of injury
for noncontact ACL injuries.

THE LIMITATIONS OF EVALUATING
STRUCTURAL PATHOLOGY

Prior to determining an athlete’s fitness for participation,
a medical evaluation is commonly performed, including
general health, past injury history, and recent complaints.
Any suspicious findings should be further evaluated to rule
out potential “red flags” of serious diseases, such as tumor,
infection, fracture, and neurological disease. It has often
been assumed that such an evaluation for an individual with
pain should routinely include the use of imaging such as
X-ray, computed tomography (CT), or magnetic resonance
imaging (MRI). However, if a thorough medical history
combined with a physical examination is done properly, the
likelihood of missing something serious is very small. The
“red flags”, signs and symptoms from history and examina-
tion that would indicate that imaging, laboratory tests, or
specialized medical referral is necessary for a low back pain
patient are shown in Table 6.2 (15). An additional reason
why routine imaging for MSP should be avoided is that
the chances of a false-positive test emerging are quite high.
The structural findings of these images have poor corre-
lation to pain and function and are commonly found in
asymptomatic individuals. Beyond fostering unnecessary
treatment and further diagnostic studies, false positives also

TABLE6.2 _ Red Flags Signs and Symptoms

Age younger than 20 or older than 50 years
Trauma
Recent infection

Past history of carcinoma, long-term steroid use, human immuno-
deficiency virus, drug abuse

Failure of 4 weeks of appropriate conservative care
Night pain

Pain at rest

Weight loss unrelated to diet

Malaise

Unremitting flexion restriction

Fever

Motor weakness in lower limbs

Sphincter disturbance

Saddle anesthesia

Source: Waddell G. The Back Pain Revolution. 2nd ed. Edinburgh: Churchill
Livingstone; 2004.

lead inexorably to the patient or athlete receiving a more
threatening and disabling “label” than is necessary, which
has shown to be related to poor treatment outcomes and

chronicity (16,17).

Spine

Structural evidence of a lumbar disc herniation in a patient
with appropriate symptoms is present over 90% of the
time (18-21). Unfortunately, even when utilizing advanced
imaging techniques such as myelography, CT, or MRI, the
same positive findings are also present in 28% to 50% of
asymptomatic individuals (Figure 6.1) (18-23). Similarly, in
the neck, the false-positive rate with diagnostic imaging has
been reported to be as high as 75% with an asymptomatic
population (24,25). Thus, imaging tests have high sensitivity
(few false negatives) but low specificity (high false-positive
rate) for identifying symptomatic disc problems.

Furthermore, the presence of structural pathology in
an asymptomatic individual does not predict a greater
likelihood of future problems (26,27). Borenstein et al.
conducted MRI examination of 67 asymptomatic people,
31% of whom had abnormality of discs or the spinal
canal (26). The MRI findings were not predictive of future
low back pain (LBP). Individuals with the longest duration
of LBP were not those with the greatest anatomical abnor-
malities. Carragee et al. studied discograms and reported
that a painful disc injection did not predict LBP on follow-
up at 4 years (27). While discograms have high sensitivity
for identifying tears in asymptomatic patients, it was the
psychometric profiles that were found to strongly predict
future LBP and work loss.
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FIGURE 6-1. False-positive rates for disc hernia-
tion with various imaging modalities. Imaging findings

of disc abnormalities increase in frequency with age in 100
patients without symptoms. (CT, computed tomography; 90
DJD, degenerative join disease; MRI, magnetic resonance 80
imaging.) From Bigos S, Miiller G. Primary care approach § 70
to acute and chronic back problems: Definitions and care. T—; 60
In: Loeser JD, ed. Bonica’s Management of Pain, 3rd ed. £ 50
Philadelphia: Lippincott Williams & Wilkins, 2001. E 40
£ 30

20

10

Are More Imaging Centers a Good Thing?

Researchers at Stanford University found (28)
More imaging centers = More MRIs ordered = More
surgeries performed

Extremities

Just as in the spine, MRIs have demonstrated high lev-
els of structural pathology in the extremities of asymp-
tomatic individuals. Fredericson et al. have reported that
“asymptomatic elite athletes demonstrate MRI changes of
the shoulder (swimmers and volleyball players) and wrist
(gymnasts) similar to those associated with abnormalities
for which medical treatment and sometimes surgery are
advised” (29).

MRIs of the shoulders of 96 asymptomatic individu-
als were evaluated to determine the prevalence of findings
consistent with a tear of the rotator cuff (30). The over-
all prevalence of tears of the rotator cuff in all age groups
was 34%. There were 14 full-thickness tears (15%) and 19
partial-thickness tears (20%). These tears were increasingly
frequent with advancing age and were compatible with nor-
mal, painless, functional activity.

Detailed MRIs of asymptomatic dominant and
nondominant shoulders of elite overhead athletes were
obtained (31). A 5-year follow-up interview was per-
formed to determine whether MRI abnormalities found
in the initial stage of the study represented truly clinical
false-positive findings or symptomatic shoulders in evolu-
tion. Eight of 20 (40%) dominant shoulders had findings
consistent with partial- or full-thickness tears of the rota-
tor cuff as compared with none (0%) of the nondominant
shoulders. Five of 20 (25%) dominant shoulders had MRI
evidence of Bennett’s lesions compared with none (0%) of
the nondominant shoulders. None of the athletes inter-
viewed 5 years later had any subjective symptoms or had
required any evaluation or treatment for shoulder-related

Disc Findings in Normal Subjects

Age in Years

problems during the study period. Thus, MRI alone
should not be used as a basis for operative intervention in
this patient population.

The same high false-positive rate with MRIs has been
shown in the knee of asymptomatic individuals. Begin-
ning in one’s thirties, there is degeneration of the meniscus,
which increases with age even in asymptomatic people (32).
According to De Smet et al., “false-positive MR diagnoses
of medial meniscal tears are more common for longitudinal
tears than other tear types and are also more common with
MR abnormalities at either the superior surface or the menis-
cocapsular junction. Spontaneous healing of longitudinal
tears accounts for some false-positive MR diagnoses” (33).

Summary

The unfortunate result of using highly sensitive, but not
specific tests with high false-positive rates in asymptom-
atic individuals or in those with symptoms that do not
warrant diagnostic imaging is that patients who may have
coincidental findings are labeled as having pathology (15).
The musculoskeletal system is not so vulnerable after all
and has much greater adaptive potential than it is often
given credit for.

A more appropriate use of diagnostic imaging is in
patients with a history or examination of red flags for tumor,
infection, or fracture or later in care for patients with nerve
root or local complaints, which are unresponsive to conser-
vative care and may require an invasive procedure such as
an epidural steroid injection or other invasive procedure.

STEREOTYPICAL MOVEMENT
PATTERNS

Assessment of musculoskeletal function usually consists of
evaluation of isolated impairments such as individual mus-
cle or joint range of motion (ROM) or strength. But the
body works as an integrated system during activities such
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Isolated impairments
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Individual joint range of mation
Biceps curl/elbow flexion strength
Hamstring curl/knee flexion strength
Integrated functional movement patterns
Push (horizontal/vertical)
Pull (horizontal/vertical)
Squat (2/1 leg)
Lunge (triplanar)

as bending, lifting, walking, reaching, grasping, pushing,
pulling, etc. (Table 6.3). As such it is the evaluation of move-
ment that is crucial, yet poorly understood. Janda detailed
the specific assessment of a core set of fundamental move-
ment patterns (Table 6.4) (13). More recently, Gray Cook
has created a functional movement screen (FMS) that can
also be used to identify basic movement pattern faults which
are upstream of a person’s musculoskeletal problem (14).
Furthermore, Cook has proposed a selective functional
movement assessment (SFMA) to help orient the provider by
prioritizing tests through the use of an algorithm (Table 6.5).

A famous saying: “The brain does not think in terms
of individual muscles. It thinks in terms of movement
patterns.”

Functional ability includes establishing stability within
the functional range for the specific, relevant task. If a joint
is unstable, then injury risk will be heightened. A stable
joint is one where the muscles are able to handle the vari-
ous forms of strain typically encountered. When a joint is
stable, agonist-antagonist coactivation helps to maintain
functional joint centration against expected and unex-
pected perturbations (34-36). Adequate movement com-
petency (intermuscular coordination) as well as sufficient
movement capacity must be present for the unique activity

TABLE6.4 Janda's Movement Patterns

. Hip abduction

. Hip extension

. Trunk flexion

. Arm abduction

. Head/neck flexion
. Push-up

D OB W N =

Source: Janda V, Frank C, Liebenson C. Evaluation of muscle imbalance.
In: Liebenson C, ed. Rehabilitation of the Spine: A Practitioner's Manual.
Philadelphia, PA: Lippincott Williams & Wilkins; 2007.

TABLE65  Top Tier Tests in the Selective

Functional Movement Assessment

Cervical range of motion

Upper extremity range of motion
Trunk range of motion

Single leg balance

Overhead squat

demands the individual faces. Stability results from having
the necessary movement literacy or competency to perform
skilled movement with appropriate agility, balance, and
coordination, while also having sufficient capacity to han-
dle large loads and endure potentially fatiguing challenges.
For instance, landing a jump with medial knee collapse
and lifting by stooping instead of squatting are examples
of unskilled movements that will predispose to injury and
limit performance. While the ability (i.e., competency) to
avoid these common mechanisms of injury is necessary, so
too must the capacity to do so when fatigue is present.
Poor movement patterns are easily recognized by virtue
of the de-centration of relevant joints during movement.
They also can be predicted or anticipated by the presence
of certain postural signs. A number of the most common
signs of faulty movement patterns in the locomotor system

will be highlighted here (13).

Cervicocranial (C0-C1)

A forward head posture can be correlated with insufficiency
of the deep neck flexors (longus colli/capitis) (Figure 6.2).
The typical movement pattern fault involves poor motor
control of nodding of the head or C0-C1 flexion, in par-
ticular poking of the chin (Figure 6.3). This has been found
to be correlated with chronic headaches and neck pain of
either traumatic or insidious onset (37—40).

Scapulohumeral

Shrugged or rounded shoulder(s) are a common postural
finding due to muscle imbalance between overactivity in
shoulder girdle elevators and inhibition of shoulder girdle
depressors (Figure 6.4). A rounded shoulder posture typically
leads to a chain reaction with shoulder shrugging being the
first consequence. The typical movement pattern fault occurs
when the shoulder girdle shrugs up during the early part of
arm abduction (Figure 6.5) (13,41-43). This is termed the
“setting phase” and occurs during the first 45° of arm abduc-
tion. It has been shown that excessive or early shrugging is
correlated with a muscle imbalance involving overactivity of
the upper trapezius and underactivity of the lower trapezius
and serratus anterior muscles (44). In turn this is seen com-
monly in shoulder impingement syndromes (45).
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FIGURE 6-4. Rounded shoulders.

FIGURE 6-2.  Forward head posture.

FIGURE 6-3. Poking of the chin. From Pavlu D, Petak-Kruerger S,
Janda V. Brugger methods for postural correction. In: Liebenson C, ed.
Rehabilitation of the Spine: A Practitioner's Manual. 2nd ed. Philadel- FIGURE 6-5. Shoulder shrug with arm abduction: (A) normal; (B)
phia, PA: Lippincott Williams & Wilkins; 2006. faulty.

B
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FIGURE 6-6.  Winging scapula.

A related problem occurs in the scapulothoracic joint as
the medial-inferior border becomes winged due to serratus
anterior inhibition (Figure 6.6) (13,42,43). According to
Kibler and McMullen, this is termed as scapular dyskinesia
and is found commonly in overhead athletes with shoulder

problems (see also Chapter 32) (46).

Anterior Rib Cage

Both posture and breathing have a powerful effect on the
anterior rib cage. Ideally the anterior rib cage hangs in a
relaxed manner on the spine. Unfortunately, due to seden-
tarism in modern lifestyle (e.g., prolonged sitting), the tho-
racic spine becomes fixed in kyphosis. This in turn inhibits
normal diaphragmatic breathing and leads to compensa-
tory upper chest breathing which results in the rib cage
being lifted up and held in an inspiratory position. This
easily becomes fixed as a subcortical motor program with
significant deleterious effects, as Lewit says, “respiration is
the most common faulty movement pattern” (47).

When chest breathing predominates the chest
becomes fixed in an inspiratory position. This results in
an anterior rib cage posture with a steep slope or upward
tilt (Figure 6.7) (48). The combination of fixed upper
thoracic kyphosis, faulty breathing, and lifted anterior-
inferior rib cage contributes to Jandas lower crossed
syndrome or what Kolar calls “open scissors” at the tho-
racolumbar and lumbopelvic junctions (Figure 6.8). With
normal thoracic spine posture and diaphragm function,
the lower anterior ribs should be more caudal with the
diaphragm in a horizontal position.

Lumbopelvic Junction

The normal posture of the lumbar spine is slight lordo-
sis. A loss of the natural lumbar curve has been correlated
with poor mobility of the hips (49). Loss of normal hip
extension mobility has been shown to be associated with
a history of disabling LBP (7). Other researchers have also

FIGURE 6-7.
upward.

Horizontal diaphragm. (A) horizontal; (B) tilted

found this association (50,51). The typical movement pat-
tern fault involves insufficient postural control of “neu-
tral” lumbar lordosis during sitting, bending, or lifting
(Figure 6.9). This has been found to correlate with LBP or
injury (52). Certain times of the day are known to carry a
higher risk such as in the morning due to variations in disc
hydration (53). Patients can benefit from this knowledge
as avoidance of early morning flexion has been shown to
be a successful treatment for acute LBP (54).

Instability in the spine can result in a loss of equilib-
rium such that the center of mass of the trunk is not eas-
ily maintained over its base of support—the feet (55,56).
Stability and mobility go hand in hand. Often stiff joints
or tight muscles alter movement patterns so that instability
results. For instance, if there is a loss of posterior hip flex-
ibility/mobility, it will not be possible to avoid end-range
lumbar spine flexion during a deep squat. The trunk will
lean forward and weight may shift to the balls of the feet.
Agonist-antagonist muscles in the spine will show a higher
amount of co-contraction as they attempt to maintain a
“neutral” spine posture (57-59).

Knee

The knee has a tendency to collapse medially into an exces-
sive valgus position (Figure 6.10). This is correlated with
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FIGURE 6-9. Lumbosacral flexion with sitting (A), bending (B),
and lifting (C). From Liebenson C, ed. Rehabilitation of the Spine: A
Practitioner's Manual. 2nd ed. Philadelphia, PA: Lippincott Williams &
FIGURE 6-8.  "Open scissors.” Wilkins; 2006.
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C

FIGURE 6-9. (Continued)

insufficiency of the hip abductor muscles such as the glu-
teus medius. The typical movement pattern fault involves
medial collapse of the knee during landing a jump or per-
forming a single leg squat. This faulty pattern has been
found to correlate with ACL injury as well as patellofemoral
problems (60-64).

Women have been shown to utilize different muscu-
lar activation patterns compared with men (i.e., decreased

FIGURE 6-10. Medial collapse of the knee.

TABLE6.6 Information from Janda’s Hip Abduction

Movement Pattern Assessment

\What is agonist-antagonist—
synergist—stabilizer relationship
(muscle imbalance)?

What are the typical faulty
movement patterns?

Gluteus medius inhibition,
adductor tightness, QL and TFL
substitution, core insufficiency

Short adductors > limited
hip abduction mobility
Tight iliotibial band >
compensatory hip flexion
Overactive QL >
compensatory hip hike
Hip abduction

Adductor, TFL, QL

Which joint tends to stiffness?

Which muscle(s) tend to
tightness?

Which muscle tends to
inhibition?
Where is the repetitive strain?

Gluteus medius, core

Hip, knee, sacrailiac joint

QL, quadratus lumborum; TFL, tensor fascia latae.

gluteus maximus and increased rectus femoris muscle
activity) during landing maneuvers (65). Decreased hip
muscle activity and increased quadriceps activity were
concluded to be likely contributors to the increased sus-
ceptibility of female athletes to noncontact ACL injuries.
Quadriceps dominance involving preferential activation of
the quadriceps versus hamstrings (60) or strength imbal-
ance between stronger quadriceps and weaker hamstrings
(66) has been shown to correlate with ACL injury.

For each movement pattern, there are distinct find-
ings that give us invaluable clinical information linking
tight muscles, inhibited muscles, and joint dysfunction
(Table 6.6). Hip abduction is one of the more illustrative
faulty movement patterns (Figure 6.11).

For each pain generator that is due to repetitive strain,
there is a movement pattern fault that is the source of bio-
mechanical overload in the kinetic chain (Table 6.7).

FIGURE 6-11.
of the Spine: A Practitioner's Manual. 2nd ed. Philadelphia, PA: Lippin-
cott Williams & Wilkins; 2006.

Hip abduction. From Liebenson C, ed. Rehabilitation
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TABLE 6.7

Painful Joints Faulty Posture

Relationship between Key Sources of Biomechanical Overload and Painful Joints

Faulty Movement Pattern

Arch/Heel Forward drawn posture

Knee Valgus knee

Hip Pelvic unleveling

Lumbar disc Slump, inspiratory position of anterior chest wall
Lumbar facet Lower crossed syndrome

Cervicocranial Head forward

Glenohumeral Rounded/shrugged shoulder
Upper ribs Slump

Temporomandibular joint Chin protrusion

Forward lean

One-leg squat, squat

Hip abduction, one-leg squat

Squat, front plank, IAP

Hip extension, IAP

Neck flexion, IAP

Scapulohumeral rhythm, arm lifting test, wall angel
Breathing

Mouth opening

IAP, intra-abdominal pressure test.

THE ROLE OF STIFFNESS AND
MUSCLE IMBALANCES

When we evaluate the kinetic chain it becomes apparent
that certain areas have a greater stability need, whereas oth-
ers have a greater mobility need. Excessive stiffness is a typi-
cal problem for the thoracic spine, hip, and ankle, whereas
the cervicocranial, scapulohumeral, lumbar spine, and knee
joints have a tendency to become unstable.

A hallmark area where stiffness occurs and can be a
source of biomechanical overload elsewhere in the kinetic
chain is the thoracic spine. The mid-thoracic spine has a
tendency to become fixed in kyphosis (see Figure 6.9a).
Sedentary postures and improper training methods with
an overemphasis on push training of the chest versus pull
training of the back are possible culprits. Often this fixed
kyphosis is “upstream” of other functional pathologies such
as the C0-C1 and scapulohumeral faulty movement pat-
terns described above, as well as other faults such as during
overhead squat or with breathing (40,47,67-71).

Thoracic spine posture has been shown to influence the
biomechanics of the shoulder (72). Muscle force is 16.2%
less in the 90° abducted arm position in individuals with
a slouched versus erect thoracic posture. There is a 23.6°
decrease in shoulder abduction range of motion (ROM) in
the slouched posture. Scapular kinematics are significantly
influenced by thoracic spine posture. For instance, there is
less scapular posterior tilt (posterior and caudal movement
of the scapulae) when slouched. Impingement patients
have been shown to have reduced scapular posterior tilt
during shoulder elevation when compared with asymp-
tomatic individuals (73).

One aspect of a slumped posture is rounding of the
shoulder forward (see Figure 6.4). This overstretches
the anterior capsule and tightens the posterior capsule.
Harryman et al. have reported that posterior capsular tight-
ness results in anterosuperior migration of the humeral
head, thus leading to subacromial impingement (74).

Bullock et al. have shown that an erect sitting posture
increases active shoulder flexion ROM in subjects with
impingement syndrome (75). In the slouched posture,
mean shoulder flexion ROM was 109.7°, whereas in the
erect posture it was 127.3°.

It has been reported that a fixed kyphotic posture or
tight posterior shoulder capsule will need to be mobi-
lized in order for the patient to gain proper control of the
scapulothoracic articulation (76-78). Boyles et al. have
shown that T4-8 manipulation is a successful treatment for
shoulder impingement syndrome (79). Similarly, different
researchers have independently shown that thoracic spine
manipulation is effective for treating neck pain (80,81).

When we take a step back and see that each area of the
body has its own unique tendency to either become stiff
or unstable, this helps in our clinical planning (82). Janda
is credited with pioneering the idea that certain muscles
tend to “tightness” and others to inhibition and that this
will affect movement patterns in a predictable manner
(Table 6.8) (13,83). From these observations emerged the
classic Janda syndromes—upper cross, lower cross, and
layer (or stratifications) (Figures 6.12-6.14).

This discovery was made possible by the fact that in
paralytic conditions such as stroke or spinal cord injury,
certain muscles were typically paralyzed and in spastic
conditions a different set of muscles were found to be in
contracture (83). This is designed to enhance survival and
it turns out the same tendencies are present in the healthy
population simply to a lesser degree. In fact, modern soci-
ety by virtue of increasing sedentarism promotes muscle
imbalance. Even “fitness” training following the body
building philosophy of isolating individual muscles, rather
than training movement patterns, actually reinforces faulty
movement patterns and compensatory muscle imbalances.
Today we see this paradigm referred to as the “joint-by-
joint approach” (Table 6.9; Figure 6.15) (84). It is easy
to see the similarity between Janda’s layer syndrome and

> e

Boyle’s “joint-by-joint approach.”
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TABLE6.8 _ Predictable Muscle Imbalances According to Janda

Prone to “Tightness” or Overactivity Inhibition Prone

Faulty Movement Pattern

Gastroc-soleus

Thigh adductors

Hip flexors

Thoracolumbar erector spinae Abdominal wall

Shoulder girdle elevators (upper trapezius
and levator scapulae)

Pectorals Serratus anterior

Sternocleidomastoid Deep neck flexors

Sole of foot—quadratus plantae
Hip abductors—gluteus medius
Hip extensors—gluteus maximus

Lower and middle trapezius, latissimus dorsi

Forward lean, squat

Hip abduction, one-leg balance or squat
Hip extension; one or two leg squat
Planks (front or side), hip extension
Scapulohumeral rhythm, side plank

Push-up, overhead squat
Head/neck flexion, curl up

ASSESSMENT

All providers are faced with the problem of identifying what
area to address first. The locomotor system is made up of
mechanical links which function to carry out an infinite
variety of tasks. Central nervous system control, somato-
sensory input, and muscular output frame the potential for
this powerful machinery of life. When we train the locomo-
tor system, the threat of injury hangs over our craft. The
challenge is to identify painful markers, mechanical sensi-
tivities (MS), painless dysfunctions, or signs of abnormal
motor control (AMC) (see Chapter 5). We then train our
patients or athletes to increase their functional abilities by
erasing their painless dysfunctions. Simplified, one could
say “you are only as strong as your weakest link.”

Weak
deep neck g
flexors

Tight

upper trapezius
and

levator scapula

Tight
pectorals lower trapezius
and serratus

anterior

FIGURE 6-12.  Upper cross. From Liebenson C, ed. Rehabilitation of
the Spine: A Practitioner's Manual. 2nd ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2006.

Merely stretching and/or strengthening of isolated seg-
ments may yield positive results, but is often insufficient
to enhance performance and may fail to improve durabil-
ity. The art of training the locomotor system consists of
seeing the mechanical linkage system and its underlying
neurologic control and finding patterns of dysfunction
responsible for limiting performance and precipitating

Erector Spinae Abdominals

Gluteus Maximus lliopsoas

Tight weak or Inhibited

0

Weak or Inhibited Tight

FIGURE 6-13.  Lower cross. From Liebenson C, ed. Rehabilitation of
the Spine: A Practitioner's Manual. 2nd ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2006.
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Muscles which tend
to tightness

Muscles which tend
to inhibition

Lower stabilizers Cervical erector spinae

of the scapulae Upper trapezius
Shoulder girdle bENEih S HRURD
external rotators Thoracolumbar
Lumbosacral Erector spinae
Erector spinae
Gluteus
maximus

Hamstrings

Gastrocsoleus

sole of foot

FIGURE 6-14. Layer or Stratification Syndrome (alternating areas
of hypo & hypertrophy).

injury. This is a functional, holistic approach that acknowl-
edges regional interdependence in the locomotor system.
We attempt to determine where mechanical load is most
pernicious to the body. A history of constrained postures
or repetitive activities should be uncovered. Additionally,
examination of how the body moves should seek to identify
where the linkage system is not handling even simple move-
ments with appropriate motor control, or, when basic lev-
els of competency are assured, when capacity breaks down
under load, repetitions, or speed.

From the rehabilitation world, Lewit provides valuable
insight about the need for thorough functional assessment,
“Many doctors whose methods include treating only func-
tion and concomitant reflex changes are thinking only in
terms of the method, not in terms of the clinical object
to which the method is applied, i.e. to disturbed function,
which seems very elusive. Yet to treat mainly at the site of
symptoms, or pain, is to fail, if the trouble is disturbed
function .... The practitioner may well feel the ground

TABLE 6.9

The “Joint-by-Joint Approach”

Needs Mobility (Stiff) Needs Stability (Unstable)

Ankle Foot

Hip Knee

Thoracic Lumbopelvic
Cervical
Shoulder

Source: Boyle M. Advances in Functional Training. Aptos, CA: On Target
Publications; 2010.

FIGURE 6-15.

Joint-by-joint approach.

slipping from under him, which is why the patterns of chains
based on empirical observation help by providing a rational
approach to systematic clinical examination directed ar dis-
turbed function” (47).

The body should be viewed as a linkage system whereby
one link in the chain can have an effect on even distant links.
Kibler et al. describe a functional kinetic chain approach
which helps, for example, understand how subtalar hyperpro-
nation can affect not only the foot and ankle but the knee,
lumbar spine, or even shoulder stability (Table 6.10) (85).
The kinetic chain approach highlights the regional inter-
dependence of different links in the body (10). Herring
famously said, “signs and symptoms of injury abate, but these
functional deficits persist ... adaptive patterns develop sec-
ondary to the remaining functional deficits” (86).

Functional training should focus on the source of bio-
mechanical overload rather than just where weakness or

TABLE 6.10 | Kinetic Chain

Chief complaint

Pain generator (tissue site of pain)
Source of biomechanical overload
Functional adaptation
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tightness exists. Too often athletes receive an endless array
of exercises to “fix” a problem. For instance, a knee issue
will be addressed with various stretching or strengthening
exercises but the injury does not respond because the prob-
lem was coming from another link in the kinetic chain! If
subtalar hyperpronation is the cause of medial collapse of
the knee and valgus overload, then no local approach to the
knee itself is going to help. Therefore, a functional evalua-
tion should identify the source of biomechanical overload
in the kinetic chain before a training plan commences so
that the “key link” can be unmasked.

Lewit stated, “l don'ttouch a patient until | have examined
everything. | want to know what is the relevant chain.
| begin with a general picture, not a single lesion” (47). In
other words, think globally, but act locally.

Performing a screening examination of AMC is the
quickest way to identify areas of increased strain or sources
of weakness. This will also enable the clinician to see pat-
terns of compensation and thus determine the “key link”
through empirical trial.

Once we have identified a faulty movement pattern
we can see the holistic picture of dysfunction for our ath-
lete. For instance, if the lower back is sensitive and dur-
ing the Janda hip extension test hip extension is limited,
but excessive motion is occurring in the lumbar spine in
hyperextension and rotation, then clear treatment targets
emerge (87). Rather than stretching or providing manual
therapy to the lower back, training will be focused at the
key dysfunctional links in the kinetic chain. The hip stiff-
ness would be addressed with hip joint mobilization and/or
psoas lengthening. The spine instability would be addressed
with bracing training and “neutral” spine control exercises
during twisting or extension challenges such as pushing,
pulling, squat, and balance reach training.

Practice-Based Problem

Since impairments (dysfunction) are so common, how can
the provider avoid focusing on coincidental functional
pathology?

As Lewit stated, “the objective of remedial exercise
is a faulty motor pattern or stereotype which has been
diagnosed and is considered relevant to the patient's
problem.” However, “remedial exercise is always time
consuming, and time should not be wasted ... We should
not attempt to teach patients ideal locomotor patterns,
but only correct the fault that is causing the trouble” (47).

Many dysfunctions (impairments) are secondary and
should be audited for improvement, but they should not
be targeted with specific interventions. For instance, a tight
upper trapezius muscle is typically secondary to faulty
workstation ergonomics and a stiff upper thoracic kyphosis.

The trapezius tightness is a functional adaption and not a
cause of biomechanical overload. Training should be aimed
at the workstation and kyphosis.

THE MAGNIFICENT 7—A
FUNCTIONAL SCREEN

This section will describe how to perform a sample func-
tional screen to prioritize dysfunctional findings and identify
a “key link” to address with treatment or training. While
there are many functional tests that one should know (see
Rehabilitation of the Spine DVD and Chapters 34 & 35), it
is important to possess a screening examination to identify
major dysfunctions and then progress toward more targeted
assessments or “break-outs” that will elucidate where treat-
ment is most likely to be efficacious (14). Screening is often
performed to detect disease in asymptomatic people, but can
also be performed using inexpensive exams to guide further
assessment. The Magnificent 7 (Mag 7) is an example of a
practical and valuable screen that can be used in both symp-
tomatic and asymptomatic individuals for both of these pur-
poses. The Mag 7 aims to identify key signs of MS or AMC
and includes assessment of tests related to fundamental
human functions. If we take a helicopter view the findamen-
tal functions that are tested are breathing, upright posture,
and gait. It also possesses challenge to all three planes of
motion (sagittal, frontal, and transverse) and allows creation
of a hierarchy of problems and paired solutions based on the
involved functions and planes. To draw out future problems,
the Mag 7 contains several common injury mechanisms
including lumbosacral flexion during bending (Squat test)
and valgus collapse of the knee (1 leg squat test).

Evaluating breathing is essential because without it we
could notlive. According to Lewit, it is “the most important
movement pattern’ (47). Coordinated breathing relates
directly to abdominal function and core stability. The dia-
phragm and abdominals are in a reciprocal relationship.
Along with the pelvic floor and deep spinal intrinsic muscles
they help regulate intra-abdominal pressure (IAP) by form-
ing the ceiling, floor and ring around the lumbar spine and
abdomen. Faulty breathing usually results in chest breath-
ing and overactivity in accessory muscles of respiration such
as upper trapezius and scalenes. Less common, but more
dysfunctional would be paradoxical breathing.

Tests: Breathing, IAP

Upright bipedal posture is one of the features that are
unique to human beings. Like speech and larger brain size,
upright posture, or control of the sagittal plane, occurred
for the first time in the biological kingdom approximately
200,000 years ago. It is “hard-wired” into our nervous sys-
tem and by 4.5 years of life is mature. Yet with our modern,
sedentary lifestyle this motor program is corrupted into a
slumped, slouched posture, which predisposes to headache,
neck pain, shoulder impingement syndromes, and LBP.
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Tests: Wall Angel, Squat

Since humans are designed to move, our most stereo-
typical function is gait. Approximately 85% of normal
cadence gait occurs in single leg stance. Thus, Janda has
suggested that the fundamental posture of humans should
be assessed in single leg stance rather than double leg
stance (87). Single leg stance requires motor control in the
Sfrontal and transverse planes with significant proprioceptive
demands on the feet and ankles. Its assessment highlights
pronatory dysfunction, valgus collapse of the knee issues,
and dysfunction involving lateral stability of the pelvis.

Tests: 1 Leg Squat, 1 Leg Balance

As a window into both posterior chain function and
transverse plane stability, the single leg bridge is a simple
screening test. Many injuries such as sports hernia, lumbar
disc syndromes, and abdominal strains occur in athletes
playing baseball, hockey, tennis, etc., with high torsional
stress. Control of the transverse plane is crucial (88), in
particular, anti-rotation stiffness, since today’s athletes are
bigger, stronger, and faster than those just a few decades
ago, but they do not necessarily possess the sufficient motor
control to handle this additional horsepower (1,82,84).

Test: 1 Leg Bridge

Grading a Test

When grading the tests of this screening examination, a
standardized grading scheme such as developed by Cook
is important (Table 6.11). In this scheme pain is distin-
guished from discomfort in the following way. A feeling of
stretch is defined as discomfort, whereas any other sensa-
tion is by default termed painful. According to Cook, when
in doubt give the lower score (14). Any test which scores
as a 0 requires a detailed clinical evaluation and this MS,
or marker test, can be used as a benchmark for progress in
a clinical setting. Any test with a 1 or a 2/3 painless asym-
metry (painless dysfunction) requires functional correction
such as stabilization or mobilization. The goal is fastest to a
symmetric 14, not 21 (14). According to Lewit, “the goal is
not to teach perfect movement patterns, but to correct the
key fault that is causing the trouble” (47). We will keep this

goal in mind as we review the results of the Mag 7.

TABLEG6.11  Cook’s Scoring—Functional

Movement Screen*

0—pain

1—unable to perform movement

2—performs movement with compensation (imperfect)
3—movement performed without compensation (perfect)

*For each test, note symmetry or asymmetry.

Source: Cook G, Burton L, Kiesel K, Rose G, Bryant MF. Movement: Functional
Movement Systems: Screening, Assessment, Corrective Strategies. Aptos, CA:
On Target Publications; 2010.

Importance of Assessing Habitual
Movement Patterns

In any examination or assessment, it is essential to get
valuable and reliable information. In both the FMS and
SEMA, a distinguishing feature is the emphasis on evaluat-
ing functional patterns rather than isolated impairments.
Cook states, “the hallmark of the SFMA design is the use
of simple basic movements to expose natural reactions and
responses by the patient” (14). One issue with respect to
functional assessment is how much to cue the subject. With
detailed instruction, we tend toward evaluating abilities
rather than habits.

Janda states, “During movement pattern testing, minimal
verbal cues should be used which test an individual’s
habitual way of performing a movement. If the cues are
too ‘leading,” then the test will be of the subject’s ability
to learn how to perform the movement correctly, rather
than how they are habitually performing it” (13).

Frost and colleagues recently completed a study of the
EMS in a large group of firefighters. To avoid “training the
test” and ensure that habitual movement patterns were
evaluated, minimal cues were given. “Aside from the stan-
dard verbal instructions, no specific cues were given and
participants were blinded to the test objectives, scoring cri-
teria and their screen results. The firefighters were graded
on how they chose to perform rather than how they could
perform the tasks given minimal feedback or coaching. No
rationale was given as to the general purpose of the screen
to ensure that each individual’s task performance was as
natural as possible” (89).

Understanding  the relationship between isolated
impairments, functional movement patterns (i.e. compe-
tency), strength/endurance/power (i.e., capacity), isolated
impairments (i.e., capacity), and performance is a “holy
grail” in injury prevention, rehabilitation, and athletic
performance. Moreside and McGill found that training-
induced improvements in hip ROM—changing what par-
ticipants could do following 6 weeks of passive and active
stretching—had no influence on what the participants
actually habitually did during a battery of screening tasks.
It appears that improving ROM impairments do not auto-
matically lead individuals to use the newfound mobility
in their normal activities (e.g., walking, bending, squat-
ting). The “take home” message is that movement patterns
must be retrained after mobilization procedures to ensure
a change in how people use their newfound ROM (90).
The future of rehabilitation and training is concerned with
establishing a link between baseline tests of how a person
habitually moves and corrective measures to enhance per-
formance. This in turn becomes a springboard for athletic
development (see Chapter 34). During movement pattern
assessment, the goal is to achieve the most authentic pattern
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. Range of mation
. T4 mobility screen (wall angel)
. Overhead squat
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. Single leg balance
. Single leg squat

. Single leg bridge
. Breathing/core
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possible to best serve as a window to evaluate the central
nervous system.

Keeping in mind the importance of minimal cueing,
the next section will explain the specific performance of the
Mag 7 (Table 6.12 and Appendix). Realize that this is an
un-loaded examination and that when repetitions, load, or
speed is added poor patterns often improve while good pat-
terns often deteriorate. Before anyone is qualified for load
or speed these variables must be tested.

Range of Motion (70)

In the first test screen trunk ROM, or if there is a pain-
ful joint, assess the ROM of that joint (i.e., shoulder, hip)
(Figure 6.16). See the Appendix, which uses the lumbar

spine as an example, for scoring.

T4 Mobility Screen: Wall Angel
Position (70)

To start, the person stands with the back against a wall
with feet shoulder width apart and slightly forward of wall
(Figure 6.17). Make sure the

* Arms are externally rotated/supinated and at shoul-
der height

* Buttocks are against the wall

* Back of head is against the wall with chin tucked to
achieve a horizontal gaze

¢ Elbows are against the wall

* All five fingers are against the wall

Then attempt to

* Flatten wrist while maintaining all five fingers and
the elbows on the wall

* Flatten the spine to the wall (This should be achieved
with rib crunch and not a posterior tilt of the pelvis.)
See Appendix for scoring.

Overhead Squat (14)

Squatting occurs at about a year of life in the Sumo position
and requires upright posture in the thoracic spine along

FIGURE 6-16.

Range of motion in lumbar spine.

with mobility in key areas such as the mid-thoracic spine
and posterior hip capsule. Performed improperly during
lifting tasks, it is a leading factor in the etiopathology of
LBP due to disc disorders. The so-called “athletic posture”
associated with the ready position in most sports (i.e., ten-
nis, basketball, golf) is basically a squat. It is one of the
most popular exercises, yet very commonly individuals
will say, “I can’t squat.” Most trainers and rehabilitation
experts know this means the individual most likely does
not know how to squat correctly. Finally, passing an un-
loaded squat test does NOT qualify a person to add load.
Adding load is a critical test in it’s own right, therefore if
the screen seeks to determine an individual’s worthiness
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FIGURE 6-17. Wall angel.

to “go under the bar” how the spine behaves under load
must also be assessed.
Have the person (Figure 6.18)

* Stand with feet shoulder width apart
* Raise arms overhead
* Squat down slowly until hips are below knees

Or use an alternate method with a dowel:

* Hold a dowel on top of head with elbows at 90°
* Raise dowel overhead

See Appendix for scoring.

For the reasons discussed above squat testing is amongst
the most important in any movement screen. However,
due to individual variability in hip joint anatomy certain
individuals with “Scottish” hips may not be able to achieve
the same depth as others (1). So long as an individual can
identify the safe depth for their squat - where they can
avoid losing the “neutral” lumbar spine posture - and stay
in that functional training range then they are qualified
to add repetitions, load , and/or speed. For this reason
the Mag 7 scoring of the squat as a 1 should not be con-
sidered an absolute contra-indication for adding further
challenge. The key is to find the range where the indi-
vidual can maintain “neutral lordosis” and a) progress that
range, and b) add repetitions, load, and/or speed within
that range.

Every case is unique so that specific qualifications for
assuring competency and therefore readiness for capacity
training is not black and white. Clinical status, past history
activity demands, anatomy (i.e. hip joint and disc), etc all
factor into the decision-making.

To determine anatomical integrity for deep squat-
ting there are two tests. One, supine palpation of the hip
mobility with hip flexed at and beyond 90° hip flexion (1).
Second, is the quadruped rocking manouvre to see at what
moment the lumbar spine begins to flex. Hip width can be
varied to look for anatomical clues regarding where the feet
should be placed during squats (1).

Single Leg Balance Test (91-93)

* Have the patient stand on one leg and look
straight ahead (with arms folded). The person
can choose preferred one-leg stance position
(Figure 6.19).

* Perform eyes open (EO) first, then use this instruction:
* Stand on 1 leg & look straight ahead, focusing on

a spot on the wall in front of you
* Now, keep balancing, with eyes closed (EC)
* Visualize the spot in front of you
The patient gets up to five tries on each leg, with a maxi-
mum of two EO trials and three EC trials. To save time
perform only 1 repetition with EO and 2 with EC.

* Stop test if the patient maintains balance for 30 seconds
* Record time when subject
* Hops
* Moves foot
* Reaches out and touches something with either
hand
See Appendix for scoring,.
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FIGURE 6-18.  Overhead squat: (A) initial position; (B) arms overhead, (C) final position, (D) Variation with dowel.
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A
FIGURE 6-19.

Single Leg Squat Test (60,70)

The single leg squat requires balance, strength, and fron-
tal plane stability. It highlights the common compensa-
tory dysfunction of quadriceps dominance. The single leg
squat is a highly challenging test and predictive of knee
injury due to valgus collapse of the knee (60,61). This
assessment is much more challenging and sensitive than
merely balancing on one leg. Passing an unloaded single
leg squat test does not qualify a person to add speed or
change of direction challenge. Adding speed such as land-
ing a single leg box drop or single leg hopping or adding
change of direction such as in “cutting” or decelerating a
sprint are necessary in order to qualify a persons readiness
for “return to sport”. When modified, it is a great poste-
rior chain exercise (e.g., single leg dead lift or box squat).
All athletes should learn to train on a single leg even if
they are concerned with developing power in their upper
extremities such as pitching.
Have the patient (Figure 6.20)

* Squat to approximately 30° knee flexion

® Or perform off step (8” or 20 cm high) with non-
weight-bearing leg straight until heel gently touches
floor. This is a typical stair step height.

See Appendix for scoring.

Single leg balance: (A) eyes open; (B) eyes closed.

Single Leg Bridge
Have the patient (Figure 6.21)

* Lie supine with knees bent (approximately 90°)

* DPush through heels allowing pelvis to lift to neutral

* Begin with alternating knee extension (three repetitions)

® Progress to single leg bridge with thighs parallel
(three repetitions)

* Score right or left based on the supporting leg

See Appendix for scoring,.

Respiration/Core (47,67,68,70,94-96)

Take the following steps:
* Observe habitual breathing in the upright (sitting

or standing), recumbent, and supine triple flexion
unsupported postures.

¢ Initally, avoid cueing the breath (Ideally, inspect
while patients are unaware they are having their
breathing assessed.)

* Finally, in the triple flexion position
* Support the head if necessary to ensure a horizontal

face line (i.e., avoid cervicocranial hyperextension)

* Support the legs
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FIGURE 6-20.  Single leg squat: (A) initial position; (B) final position.

* Cue the subject to actively hold the rib cage in
caudal depression

* Withdraw support from the legs after requesting
the subject to hold the legs up

* Observe movement in the rib cage during inhala-
tion and exhalation

* See Appendix for scoring. Illustrations of selected

conditions: in upright or recumbent positions during

inhalation, the rib cage or clavicle moves cephalad

(Figures 6.22 and 6.23): 1 point

* DParadoxical breathing: during inhalation the
abdomen goes in (Figures 6.24 and 6.25): 1 point

* During the cued triple flexion test: cephalad move-
ment of the anterior-inferior rib cage (Figure 6.26):
1 point

* Movement performed without compensation
(note horizontal pattern) (Figure 6.27) and caudal
anterior-inferior rib cage position (Figure 6.28):
3 points

After Performing a Functional Screen

It is important to create clinical groupings after performing
a functional screen (Table 6.13). In interpreting the results

of the functional screen, always prioritize to any test which
FIGURE 6-21.  Single leg bridge. is painful. This is termed the “marker” or MS. No train-
ing of this pattern occurs, but this should be reassessed
for improvement after training or therapy. The marker
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FIGURE 6-22. Faulty breathing pattern due to elevation of
the rib cage: upright. From Liebenson C, ed. Rehabilitation of the
Spine: A Practitioner's Manual. 2nd ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2006.

FIGURE 6-23.
cage: recumbent.

Faulty breathing pattern due to elevation of the rib

test should be distinguished from any tests which demon-
strate painless dysfunction, also known as AMC (test with
a score of 1). The painless dysfunction should be “re-set”
with exercises in the individual’s functional training range.
This is the “painless range which is appropriate for the task
at hand.”

You can prioritize to sagittal (wall angel, overhead squat,
breathing/IAP), frontal (one-leg balance or squat), or trans-
verse (one-leg bridge) plane dysfunction for a variety of
reasons:

¢ Sagittal plane: sedentary person due to excessive
kyphosis from prolonged sitting

* Frontal plane: runner, soccer, or basketball player
due to single leg stress

* Transverse plane: golf or tennis, hockey, baseball
player due to repetitive torsion stress

FIGURE 6-24. Paradoxical breathing—upright. From
Liebenson C, ed. Rehabilitation of the Spine: A Practitioner’s
Manual. 2nd ed. Philadelphia, PA: Lippincott Williams &
Wilkins; 2008.

FIGURE 6-25. Paradoxical breathing—recumbent (on inhalation,
belly moves in instead of out).

FIGURE 6-26. Triple flexion cephalad rib cage after cueing.
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FIGURE 6-27.  Normal breathing.

FIGURE 6-28.

Caudal anterior-inferior rib cage position.

TABLE6.13 _ Clinical Groupings

At least one test a 0: patient
At least one test a 1 or any asymmetries: at-risk individual
=14 with all symmetric twos and threes: fit individual

After normalizing any fundamental AMC, reassess the
MS using the painful test to see whether it is improved
(Table 6.14). If it is, then progress from a movement com-
petency foundation to the goal of building movement (or
functional) capacity. An excellent rule of thumb is to dis-
tinguish between a primary mobility or stability problem
(Table 6.15).

TABLE6.14  Progression of Corrective Training

Identify painful tests

Identify and correct painless dysfunction in fundamental tests of
all three planes

Reassess painful tests

If painful tests are improved, then progress from reestablishing
movement competency to building movement capacity

TABLE6.15  Mobility or Stability?

Mobility: active and passive testing positive
Active prone hip extension and modified Thomas tests are both
positive
Stability: only active testing positive (normal or hypermobile range
of motion on passive testing)

Active prone hip extension test positive, whereas modified
Thomas test is negative

ADDITIONAL FUNCTIONAL TESTS

For fit individuals, the functional screen may not be suf-
ficiently challenging to unmask their “weak link.” They
typically require additional testing to properly evaluate
more demanding movements, such as with added load or
speed, in order to reduce risk with strenuous activities or
to establish athletic development goals to enhance their
performance. What follows is a description of individual
tests that provide an example of the different tests that
can be performed when the functional screen is not cap-
turing the necessary information. Functional testing is an
evolving art and science, and this list is not intended to
describe every test proposed by different experts. Rather,
it is the authors’ overview of a set which has shown to be
valuable in practice along with many recommended in
“evidence-based” sources. The reader is encouraged to keep
an open mind and explore other tests such as the FMS and
SEMA collections, drop box test, gait analysis, Dynamic
Neuromuscular Stabilization evaluation, McGill’s loaded
examination (i.e. rope pull, loaded squat, box jump, and
so on (1,13,14,60).

A screening evaluation of AMC should include variables
such as load and speed in order to qualify a person for
higher level challenges or “return to sport”.

lkeda DM, McGill SM. Can altering motions, postures,
and loads provide immediate low back pain relief. Spine
2012;37:E1469-1475.

Basic testing should be divided into those that evaluate
the domains presented in Table 6.16 (see also Table 6.17).
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TABLE6.16  Functional Testing Domains

Domains Components Sample Tests
Fundamental  Upright posture, One-leg stance
movement breathing, one-leg balance, breathing,
patterns stance wall angel
Functional Scapulohumeral Vele, overhead squat,
movement rhythm, squat, lunge,  single leg squat, inline
patterns horizontal and vertical  lunge, hip abduction,
push/pull active straight leg raise,
seated hip flexion,
arm abduction, trunk
lowering from a push-
up, neck flexion, CO-C1
flexion
Physical Range of motion, Range of motion,
capacity strength, endur- side and front plank
ance, cardiovascular endurance, trunk flexor
endurance endurance, step test,
treadmill test, repetition
max test of push/pull/
lift/etc
Athletic Agility, power, Three-cone drill,

5-10-5, 60-yard dash,
vertical leap, broad
jump, medicine ball
chest pass, repeat
sprint test

performance speed

TABLE6.17 Examples of Additional Screening

Tests for Abnormal Motor Control

Vele's forward lean

Lunge test

Y balance test

Janda's hip abduction

Active straight leg raise

Seated hip flexion

Janda's hip extension

Side plank endurance (capacity test)

Front plank endurance (capacity test)
Trunk flexor endurance (capacity test)
Stability shear test

Intra-abdominal pressure test

Arm lifting test

Push-up

Arm abduction

Head/neck flexion

C0-C1 flexion

Mouth opening

Vele's Forward Lean

Purpose

* To assess the stability of the transverse arch of the
foot and sagittal plane stability during a forward lean

Procedure (Figure 6.29)

* Have subject barefoot
* Lean forward from the ankles without bending at the
waist

Signs of Failure

* Check for delayed or absent gripping and asymmetry
* Check for failure to lean from the heels or maintain
the body in a plank position

Inline Lunge Test (14)

Purpose

¢ To evaluate lower extremity pain and/or LBP. Assess

sagittal, frontal, and transverse plane control

FIGURE 6-29. Vele's forward lean. From Liebenson C, ed. Rehabili-
tation of the Spine: A Practitioner's Manual. 2nd ed. Philadelphia, PA:
Lippincott Williams & Wilkins; 2006.
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Procedure (Figure 6.30) If positive, possible treatments to consider include
lunges (with cueing or reactive training), psoas stretches
and anterior hip capsule mobilization, or frontal plane
and/or transverse plane stabilization.

* Hands at side

* Step forward far enough so that heel of front foot
should be 1-2" in front of rear knee

¢ Step in line

* Balance for 2—-3 seconds

* Then, rise back up to a standing position

Score
Check for excursion and motor control:

* Patellofemoral shear
¢ Hyperpronation

* Trunk flexion

* Balance

A
FIGURE 6-30. Lunge (A-C).
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Y Balance Test (97-101)

Purpose

e To assess single-limb dynamic balance. The lower
quarter Y balance test protocol evolved from the star
excursion balance test.

* Upper quarter Y balance test: mobility, strength, and
control are simultaneously challenged at the limit of
balance control.

Procedure and Signs of Failure

Janda’s Hip Abduction Movement
Pattern (13,47,102)

Purpose

* To assess frontal plane stability

Procedure (see Figure 6.13)

¢ Side lying with lower leg flexed at hip and knee

* Pelvis perpendicular to the table

¢ Slowly raise leg straight up to the ceiling

* DPerform resisted strength test with leg prepositioned
in 20°-30° of pure hip abduction

Signs of Failure

* Dass/fail criteria: failure if the first 20° occurs with

the following:

* Hip flexion—tensor fascia latae substitution

* Hip external rotation—piriformis substitution

* Cephalad shift of pelvis (from initiation)—
quadratus lumborum substitution

* Pelvic rotation—substitution pattern indicating
gluteus medius weakness

* Reduced ROM in abduction—adductor tightness

* Grade muscle strength _/5

Active Straight Leg Raise (70,103-106)

Purpose

* To assess core stability during supine hip flexion.

Procedure (Figure 6.31)

* Supine: have patient perform a straight leg raise
20 cm up from table.

* DPatient may place hands under small of back to palpate
loss of pressure and trunk rotation with the hands.

Signs of Failure

* Note if there is
e Sacroiliac joint pain
e Significant trunk rotation toward raised leg
® Increased lordosis
* Improved response with active bracing
e If the test is negative, add resistance and grade _/5

FIGURE 6-31. Active straight leg raise. From Liebenson C, ed.
Rehabilitation of the Spine: A Practitioner's Manual. 2nd ed. Philadel-
phia, PA: Lippincott Williams & Wilkins; 2006.

Seated Hip Flexion Test (96)

Purpose

* To assess frontal and sagittal spine stability during
seated hip flexion.

Procedure (Figure 6.32)

¢ Evaluator stands behind patient

* Subject’s feet should not touch the ground

* Hands on thighs, with palms up

* Ask the subject to lift one knee up (about 3—4" or
10 cm)

* Observe thoracic spine and trunk

* Observation may be repeated from the front

* Evaluator may add slight overpressure resistance to
subject’s knee as it is lifted up

Signs of Failure

* Shoulder unleveling
* Back bending, side bending, and/or rotation of the torso

FIGURE 6-32.  Seated hip flexion. From Liebenson C, ed. Rehabili-

tation of the Spine: A Practitioner’s Manual. 2nd ed. Philadelphia, PA:
Lippincott Williams & Wilkins; 2006.
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* Pelvic torque/rotation

* Hyperactivation of the paraspinal muscles/trunk
extension

* Hip hike

* Umbilical deviation

* Stabilizing leg recruitment with internal femoral
rotation

* Asymmetrical hip flexor strength when offering resis-
tance (can be graded _/5)

* Weak activation of the lateral abdominal muscles

Janda’s Hip Extension Movement
Pattern (13,47,70,107,108)

Purpose

¢ To assess coordination during hip extension.

Procedure (Figure 6.33)

* Prone

* Raise leg toward ceiling

* DPerform resisted strength test (with leg in ~10° of
hip extension)

* Note: patient may place hands under pelvis (ASIS)
and palpate loss of pressure and trunk rotation with

the hands.

Signs of Failure

* Pass/fail criteria: failure if at initiation
* anterior pelvic tilt, lumbar hyperextension, or
trunk rotation toward raised leg within first 10° of
leg raising at the hip joint
* delayed activation of the gluteus maximus
* knee flexes—hamstring substitution
* Grade muscle strength _/5

Side Plank Endurance (109,110)

Purpose

¢ To identify an endurance deficit or asymmetry in the
lateral stabilizers of the spine.

Procedure (Figure 6.34)

* DPerform test on each side

* Raise pelvis from floor undl spine is aligned
* Only feet and forearm/hand are on floor

* Evaluator times ability to maintain position

Signs of Failure

* Record time to failure
* When pelvis begins to lower, cue to raise up again.
* The second time pelvis drops from its peak height,
the time is recorded as the failure time.
* Normative data (109)
® Less than 45 seconds is dysfunctional (mean
minus the standard deviation)
* A side-to-side difference in time of greater than
5% is dysfunctional

Front Plank Endurance (110)

Purpose

¢ To identify an endurance deficit in the anterior stabi-
lizers of the spine while maintaining a front plank.

¢ This is an alternative to the side plank endurance test
if shoulder pain precludes performance of the test.

Procedure (Figure 6.35)

® DPerform test on forearms and toes with forearms in a
V position

* Raise torso from floor until it is horizontal

* Ability to maintain horizontal position is timed

FIGURE 6-33.
bilitation of the Spine: A Practitioner's Manual. 2nd ed. Philadelphia,
PA: Lippincott Williams & Wilkins; 2006.

Janda's hip extension. From Liebenson C, ed. Reha-

FIGURE 6-34.
bilitation of the Spine: A Practitioner's Manual. 2nd ed. Philadelphia,
PA: Lippincott Williams & Wilkins; 2006.

Side plank endurance. From Liebenson C, ed. Reha-
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FIGURE 6-35.

Front plank endurance.

Signs of Failure

* Record time to failure
* When torso begins to lower, cue subject to raise
up again.
® The second time the torso drops from its peak
height the time is recorded as the failure time.
* Normative data (109): less than 55 seconds is dys-
functional (mean minus the standard deviation)

Trunk Flexor Endurance (109,110)

Purpose

* To identify an endurance deficit in abdominal
wall musculature while maintaining the trunk at a

50° angle.
Procedure (Figure 6.36)

* Leaning supported on 50° wedge

* Feet anchored by tester

* Wedge is pushed back 4” and patient must maintain
spinal alignment

* Ability to maintain position is timed

Signs of Failure

* Record time to failure (when trunk leans back into
wedge). Patient is given cues if position is lost, mul-
tiple cues can be given until failure occurs

* Normally this endurance time is longer than the side
bridge endurance time, but weaker than the trunk
extensor endurance time

* Less than 50 seconds is dysfunctional (109)

Stability Shear Test (82)

Purpose

* To identify a patient who is likely to improve with
stabilization exercise.

Procedure (Figure 6.37)

B

FIGURE 6-36. Trunk flexor endurance. (A) Initial position; (B) test
position.

* Subject is prone with hips at edge of table and feet
dangling off table

¢ Clinician performs posterior to anterior compressions

¢ If painful, then have subject raise legs up and recheck
sensitivity

Interpretation

* If posterior to anterior compressions are now less
painful with legs extended, stabilization training is
indicated since muscle activity decreased pain

e If patient is not better with leg raising it does not
mean stabilization is contraindicated, but patient
will be more complex and progress slower

FIGURE 6-37.
tion of the Spine: A Practitioner's Manual. 2nd ed. Philadelphia, PA:
Lippincott Williams & Wilkins; 2006.

Stability shear. From Liebenson C, ed. Rehabilita-
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Intra-abdominal Pressure Test (96)

Purpose

* To assess the ability of the deep stabilization system
(DSS) to handle load. The DSS refers to coordinated
activity of the diaphragm, pelvic floor, abdominal
wall, and spinal intrinsic muscles during loaded tasks.

Procedure (Figure 6.38)

* Subject lays supine (alternative position is seated)
* Hips/knees 90°/90°

* Evaluator supports legs

* Passively bring chest into caudal position

* Support at thoracolumbar junction

* Ask subject to actively hold this position

* Then, gradually remove support from legs

Signs of Failure

* Subject cannot hold caudal position

* Subject cannot keep support at thoracolumbar
junction (avoid hyperextension)—will observe tho-
racolumbar hyperextension

* Minimal or absent activity in lateral-dorsal abdominal

wall

Arm Lifting Test (96)

Purpose

* To assess coordination of the DSS during arm eleva-
tion overhead.

Procedure (Figure 6.39)
* Supine (or standing)
* The standard is in supine position—to relax the
paraspinals.
 Subject lifts both arms slowly

Signs of Failure

* Thorax lifts cranially (unable to maintain expiratory
rib position)
¢ Increased lordosis

Push-Up (13,43,70,111)

Purpose

* To assess scapulothoracic stability in the closed
kinetic chain.

Procedure (Figure 6.40)

¢ Ina push-up position from toes or knees
 Slowly lower and then raise the trunk up

Signs of Failure

* Scapulae retracts
¢ Scapulae wings

¢ Shoulders shrug

FIGURE 6-38.
son C, ed. Rehabilitation of the Spine: A Practitioner's Manual. 2nd ed.
Philadelphia, PA: Lippincott Williams & Wilkins; 2006.

Intra-abdominal pressure test—normal. From Lieben-

FIGURE 6-39. Arm lifting test: (A) correct; (B) incorrect. From
Liebenson C, ed. Rehabilitation of the Spine: A Practitioner’'s Manual.
2nd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2006.
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Janda’s Neck Flexion Coordination
Test (13,37,40,70)
Purpose
* To identify coordination during head/neck flexion.

Procedure (Figure 6.41)

¢ Slowly raise head up from table toward chest

Signs of Failure

* Chin protrusion
¢ Sternocleidomastoid muscle overactivity

¢ Shaking

Cervicocranial Flexion (37,38)

Purpose

* To identify poor motor control during an isometric
cervicocranial flexion endurance test.

Procedure (Figure 6.42)

¢ Patient demonstrates nodding motion. If patient is
unable then clinician models motion on patient until
he or she is able

* Inflate cuff to 20 mmHg

* With the chin nod motion, patient increases pressure
to 22 mmHg and holds for 10 seconds

FIGURE 6-40.  Push-up: (A) winging; (B) retraction. * Patient tries to increase pressure to 24, 26, 28, and

30 mmHg holding for 10 seconds with a rest period

after each new level

Arm Abduction—Scapulohumeral Signs of Failure
Rhythm (13,41,43,44,41,70) * A positive test occurs with
P * overactivation of the superficial neck muscles
urpose o .
* inability to hold a constant pressure at specific test
* To identify abnormal movement during an arm level
abduction maneuver. * an inability to achieve higher pressure levels
Procedure (see Figure 6.5) (26-30 mmHg)
° Arm at side, elbow bent 90°, and wrists in neutral )
position Mouth Opening Test (112)
* Slowly raise arm (abduction) Purpose
Signs of Failure * To assess coordination during jaw opening, in par-
* During the “setting phase,” first 60°, the shoulder ticular the retrusion capability of the masticatory
should not elevate muscles.

FIGURE 6-41. Janda's neck flexion
coordination test. From Liebenson C, ed.
Rehabilitation of the Spine: A Practitio-
ner's Manual. 2nd ed. Philadelphia, PA:
Lippincott Williams & Wilkins; 20086.
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FIGURE 6-42.  Cervicocranial flexion. From Liebenson C, ed. Reha-
bilitation of the Spine: A Practitioner's Manual. 2nd ed. Philadelphia,
PA: Lippincott Williams & Wilkins; 2008.

FIGURE 6-43.  Mouth opening test (A and B). From Liebenson C, ed.
Rehabilitation of the Spine: A Practitioner's Manual. 2nd ed. Philadel-
phia, PA: Lippincott Williams & Wilkins; 2006.

Procedure (Figure 6.43)

* Patient is instructed to open the mouth fully

Signs of Failure (Pass/Fail Criteria)

* Chin protrusion

* Decreased ROM (less than three knuckles vertical
clearance)

* Head extension

CONCLUSIONS

It is crucial to be able to find faulty movement pat-
terns or painless dysfunctions in order to accelerate pain
management, rehabilitation, and athletic development.
Identifying the underlying problem is the first step in
establishing a foundation in movement competency. This
in turn is a springboard for building the requisite func-
tional capacity that an athlete requires. There are myriad
methods to restore function, but without assessment and
reassessment the health care provider or exercise specialist

will never know if they are successful. In fact, a “gold stan-
dard” outcome or goal must be established to adjudicate
that the improved function was relevant and not merely
coincidental. In pain management the goal is a reduction
in activity intolerances and MS. In rehabilitation, it is
improvement in AMC (painless dysfunction). In athletic
development, it is improvement in an independent mea-
sure of athleticism such as agility, speed, or power. Per-
forming a motor control assessment, improving function,
and finally auditing relevant outcomes is a logical way to
offer athlete or patient-centered care.
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APPENDIX

The Magnificent 7

Name

Date

1. Joint ROM of Chief Complaint (e.g. Lumbar)

4. Single Leg Balance

2. Wall Angel Position

ROM Pass (3) O L R |Pass(3) O

Pain (0) Pain (0)

>50% loss = 1 < 10 sec EO on either leg (1)
__/65 Flexion (2) < 5sec EC on either leg (1)
/30 Extension (2) < 30 sec EC on either leg (2)
_ /25 L Side Bending (2)-no smooth convexity Hyperpronation (2)
_ /25 R Side Bending (2)-no smooth convexity > 1" Pelvic side shift (2)

Hypermobility (2) Trendelenburg sign (2)
As | TOTAL SCORE (0-3) EC Best Time

A S TOTAL SCORE (0-3)

L

| R

Pass (3) O

Pain (0)

5. Single Leg Squat

Head not vs. wall with horiz
eyes-FHP (1)

L

R

Pass (3) O

Pain (0)

All five fingers not touching wall (1)

Can't squat to 30 deg. knee flexion (1)

{ Shldr Ex Rot (wrist >1 cm fr wall) (1)

Knee valgus (medial to Gr Toe) (1)

No ant. rib cage motion with flattening
back (1)

L/S Flexion (2)

Anterior Patellar Shear (2)

Wrist not flat vs. wall (2)

Trendelenburg sign (2)

T/L lordosis > 1 cm from wall (2)

Hyperpronation (2)

TOTAL SCORE (0-3)

1=

TOTAL SCORE (0-3)

3. Overhead Squat

6. Single Leg Bridge (kicks & up/down)

L

| R

Pass (3) O

L

R

Pass(3) O

Pain (0)

Pain (0) - Descent/Ascent

Arms do not reach vertically OH (1)

Pelvic drop or rotation (1)

Thighs do not reach past horiz. (1)

Can't maintain full hip extension (2)

L/S Flexion before thighs horiz. (1)

Thighs don't remain parallel (2)

Heels raise hefore thighs horiz. (1)

L/S Flexion when thighs are horiz. (2)

Chin poke/Neck not packed in (2)

Knee Valgus (2)

Anterior Patellar Shear (2)

>
len

TOTAL SCORE (0-3)

Hyperpronation (2)

1=
%)

TOTAL SCORE (0-3)
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1. Respiration/IAP

Pass (3) O

Pain (0)

Paradox resp inhale - abdomen in (1)
Ribs T in upright/vert test (1)

I1AP-Cued 3 Fixn T ant-inf rib cage (1)

Chest breathing predominates on inhal (2)

Lower rib cage does not widen laterally (2)

IAP-Uncued 3 Fixn T ant-inf rib cage (2)

TOTAL SCORE (0-3)

Scoring (from G Cook (14))

Painful
Cannot perform
Performs w/ compensation

(SN I S )

Performs w/ out compensation
FHP = forward head posture
OH = overhead

L/S = lumbo-sacral

EO = eyes open

EC = eyes closed

A = asymmetric

S = symmetric

I:l Total Score (max 21)
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Jeff Cubos

Fundamentals of Training the

Locomotor System

THE AIM OF TRAINING

The aim of training is to promote athletic development and
durability (e.g., injury prevention) so as to enhance perfor-
mance (see Chapter 34). Developing the athlete requires
an integrated approach focused on the whole person rather
than just individual components. Vern Gambetta, a well
respected coach has said, “All components of physical per-
formance: strength, power, speed, agility, endurance and
flexibility must be developed” (1). Athletic development
coaches improve athletic performance by preparing ath-
letes to be adaptable and to handle all demands required to
compete (see Chapter 35).

The goal of training is “to cause biologic adaptations
in order to improve performance in a specific task.”
McArdle and Katch (2)

Athletes who avoid injury and/or recover quickly are able
to develop their skills faster and to higher levels, thanks to
consistent training and practice. In contrast, “injury-prone”
athletes are not only frequently unable to participate but also
unable to develop the skill sets necessary to subsequently
perform at high levels. Previous injury is the most powerful
predictor for future injury, suggesting that appropriate reha-
bilitation is likely a key factor in promoting durability and
thus athletic development (3). The challenge in training is
finding the right balance between intensity and recovery to
build athletes up without inadvertently breaking them down.

High demand combined with a capacity shortfall may
lead to injury or pain. The key to increasing an athlete’s
durability is to increase functional integrity or capacity.
Functional capacity must exceed the physiological demands
or stress of one’s sport or activities (Figure 7.1). The surplus
capacity will provide a stability margin of error, therefore
reducing injury risk. Functional capacity as a concept is one
which is built on a foundation of movement competency
(see Chapter 6).

Athletic development is crucial to team success. Signifi-
cant relationships have been found between team average
jump height (countermovement jump and standing jump)
and team success (4), as well as inverse relationships among

leg extension power and body composition (% body fat)
with total number of injury days per team (4).

Athletic development and increasing durability should
incorporate the fundamental ABCs of agility, balance, and
coordination (i.e. movement competency) and progress
into other athletic traits such as posture, mobility, strength,
endurance, power, and speed. The strongest person is not
necessarily the best athlete, and strength has not been shown
to prevent injury (5,6). Verstegen said, “You can be strong
without being powerful (because you cant get that strength
into motion quickly), but you can't be powerful without hav-
ing underlying strength of muscles and muscle groups” (7).

Movement competency to ensure injury prevention
is the pre-requisite for embarking on a program to build
capacity. When competency is assured then capacity can
safely become the focus of training. To build capacity, the
individual needs to work at the edge of his/her capabilities
(Figures 7.2 and 7.3). Training on the edge of the envelope
will promote athletic development and increase durability.
Walking this thin line has inherent pitfalls, as building up
will always entail a risk of breaking down. The skilled pro-
fessional will guide the athlete effectively to the appropriate
type, intensity, and duration of training. In athletic train-
ing, the phrase “no pain no gain” holds only a small degree
of truth. While hard work, sweat, and pain will help build
the necessary capacity to enhance performance traits, pain
attributed to joints must always be distinguished from pain
attributed to muscles. For example, knee pain, especially
medial or lateral joint line pain, should be seen as a warning
sign while quadriceps or gluteal “burn” would be the goal!

“The objective of injury prevention strategies is to ensure
that tissue adaptation stimulated from exposure to load
keeps pace with, and ideally exceeds the accumulated
tissue damage.” McGill (8)

LESSONS FROM CLINICAL
REHABILITATION

Rehabilitation of the motor system is a systematic approach
to restoring function. The aim is to facilitate recovery from
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injury, to prevent recurrences, and to enhance performance.
Functional rehabilitation is part of the continuum of care
bridging the gap between pain management and athletic
development.

Continuum of Care

* Pain management/recovery, including diagnostic triage
(orthopedic/neurologic/red flags)

* Rehabilitation (competency)

* Athletic development/capacity

 Skill/performance

High

External demand
(Load)

Injury
e
@
wes
Non-injury
Low
Deconditioned Highly
trained

Functional capacity

FIGURE 7-1. Relationship between external demand and func-
tional capacity. From Liebenson C, ed. Rehabilitation of the Spine:
A Practitioner's Manual. 2nd ed. Philadelphia, PA: Lippincott Williams
& Wilkins; 2006.

High
c
‘®
o
X
Q
IS
M
°©
4
0
4

Low

Total Maximum
Inactivity Activity
Intensity of Activity
FIGURE 7-2.  Too much or too little. From Liebenson C, ed. Rehabili-

tation of the Spine: A Practitioner's Manual. 2nd ed. Philadelphia, PA:

Lippincott Williams & Wilkins; 2006.

Injury

Load

Repetition

FIGURE 7-3. Excessive load or excessive repetitions. From Lieben-
son C, ed. Rehabilitation of the Spine: A Practitioner's Manual. 2nd ed.
Philadelphia, PA: Lippincott Williams & Wilkins; 2006.

“Too Much, Too Soon”

Middle-aged “weekend warriors” and overly ambitious young
athletes commonly have difficulty distinguishing “hurt from
harm.” They often train too aggressively, with little regard
paid to potentially injurious pain sensations or conversely
devote much of their awareness to both noxious and non-
noxious training stimuli. Stoicism leads many people to
ignore “stop rules” (9) in training, consequently leading to
a “boom-bust” cycle (Figure 7.4) (10). The “as many as you
can” approach leads to persistence until the task is completed
and unfortunately frequent painful recurrences (11).

Popular approaches such as CrossFit, P90X, and Insanity
workouts are tantalizing with their rapid gains but often
foster a boom-bust cycle. These workouts can be risky
because the line between building and breaking can
become blurred.

Good day
Fang
=
]
<
Bad da

L b

FIGURE 7-4. Boom-bust cycle. Adapted from J Bodywork Move-

ment Ther 2011:1-18. Liebenson, C. Musculoskeletal Myths. J Bodywork
Movement Ther 2012;16:165—182.
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Pacing

Like rehabilitation, the best approach to training is one
that is progressive, planned, and monitored. According to
McGill, injury is usually the result of “a history of exces-
sive loading which gradually, but progressively, reduces
the tissue failure tolerance” (Figure 7.5) (8). The preferred
approach for training therefore incorporates pacing. After
exposure to load, in order to build capacity, a period of
rest must be implemented to reset the failure tolerance
threshold (Figure 7.6) (8). Ironically, this is also true for
prolonged static strain such as from sitting where a “micro-
break” of movement can reset the failure tolerance thresh-
old (Figure 7.7).

Pacing can also be seen in its cognitive-behavioral
context which is “quota-based” or uses “graded exposure”
(12-14). “Quota-based” consists of the patient’s activ-
ity levels being gradually increased, in a stepwise manner
limited by quota rather than pain (Figure 7.8). Addition-
ally, periods of rest and recovery must also be built into
programs and continuous monitoring must be employed to
make necessary adaptations, especially for athletes during
competitive seasons and in the presence of recent injury.

Identify Preparedness for Training

Other contemporary methods for monitoring training
include measuring load/power output in a specific set
(e.g., using a Keiser with power display), monitoring heart
rate variability, using a Tendo unit to assess velocity of a
loaded movement, or timed set drop offs (15,16). When
coaches, trainers, or practitioners see downward devia-
tions in these markers, it can be an early sign that the
athlete is overtrained or for some other reason is physi-
ologically compromised. Further exploration will likely
reveal other methods of assessing an athlete’s readiness
for training.

Failure Tolerance

Load Margin of Safety
Failure

~

Time

FIGURE 7-5. Failure tolerance decreasing with repetitive strain.
Modified from McGill S. Lower Back Disorders: Evidence-Based Preven-
tion and Rehabilitation. Champaign, IL: Human Kinetics; 2002.

Failure Tolerance

Load

Margin of Safety

AVAVANVAYA

Time

FIGURE 7-6. Failure tolerance restored with pacing. Modified from
McGill S. Lower Back Disorders: Evidence-Based Prevention and Reha-
bilitation. Champaign, IL: Human Kinetics; 2002.

Failure Tolerance
Load| Margin of Safety
Failure
Time
FIGURE 7-7. Failure tolerance decreases with prolonged static

strain. Modified from McGill S, Lower Back Disorders: Evidence-Based
Prevention and Rehabilitation. Champaign, IL: Human Kinetics; 2002.

FIGURE 7-8.

Paced activity.
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Quantity versus Quality

Traditional rehabilitation therapy and fitness training have
taught the exercise mantra of “three sets of 10” with little
regard paid to specificity of demand. The SAID principle,
or Specific Adaptation to Imposed Demands, suggests that
the locomotor system adapts to demands placed upon it.
Additionally, traditional bodybuilding culture has empha-
sized isolating individual muscles for hypertrophy while
our contemporary understanding of physiology explains,
“the brain doesn’t think in terms of individual muscles. It
thinks in terms of movement.” Janda was the first to show
that what is important is not how much weight you can
lift, but the skill or quality of the movement pattern that is
used (17,18). Bigger is not necessarily better, and the stron-
gest athlete in the weight room is rarely the best athlete on
the field (Figure 7.9). Thus for athletes, quality of move-
ment is essential, not quantity. Or as Cook says, “Don’t
build strength on top of dysfunction” (19).

“Too Little, Too Late”

“Let pain be your guide” is a famous adage following acute
injury. This is perfectly sensible, especially in the pres-
ence of tissue damage (i.e., ligament or tendon), fracture,

FIGURE 7-9.

“Bigger isn't better.”

or similar diagnosis. Unfortunately, many athletes adhere
solely to this approach and wait until pain subsides to
resume even controlled movement. Such an approach often
prolongs recovery and leads to excessive scar tissue buildup
and muscle atrophy. Therefore, as swelling subsides eatly,
active mobilization is required to prevent poor resolution
and low-quality healing of the injured tissues.
Additionally, in recurrently injured and chronic pain
patients, reactivation should be gradual. Individuals who
assume “hurt equals harm” follow a “stop rule” called “feel
like discontinuing” often leading to early task termination.
In such cases, pain is not a good guide since appropriate activ-
ities may be necessarily uncomfortable. Allowing pain to be
a guide leads to activity avoidance and deconditioning.
When training patients or athletes, bear in mind the say-
ing, “the hurt you feel becomes the feeling you hurt” (20).
The brain’s representation zone for a specific tissue becomes
more focused or sensitized. Therefore, in athletes coming
off a long-term injury, it is important to realize that what
they experience may be influenced by their perceptions.

Remember, hurt does not equal harm, but people with
chronic pain assume it does.

It is important to minimize “labeling” in a clinical setting.
This will only validate in the patient’s mind that the tissue
site of symptoms is the key. However, the longer the dura-
tion of pain, the greater the likelihood that the issue at hand
is really one of pain amplification or processing error. Pain
thresholds shift downward in chronic pain so that allodynia
(pain felt in response to nonnoxious stimuli) occurs. This is
mediated by glial cells undergoing functional and structural
changes, a process that amplifies and distorts nociceptive
signals (21-23). Melzack has described how neurosignatures
are transcribed in the central nervous system (CNS) from
perceived threat that outlasts the time it would take for an
injured peripheral tissue to heal (24). A famous example in
which pain persists without the tissue itself being involved
occurs in phantom limb pain in an amputee (Figure 7.10).
A novel treatment for phantom limb pain or reflex sympa-
thetic dystrophy, which works on downregulation from the
CNS to the periphery, is mirror box therapy (Figure 7.11).

The neurology of pain being in the brain and not the
tissue begins with sensitization. Pain markers in the dorsal
horn undergo physical change, which results in allodynia
and hyperalgesia (exaggerated pain responses). Brain imag-
ing data show that the representation site in the brain that
is activated corresponds to the perceived, not the actual,
location of stimulation (25).

Therefore, pacing is just as important to the “as many
as can” person who falls into the “boom—bust” patterns as
to the “feel like discontinuing” person who never achieves
his or her full potential due to insufficient conditioning.
Adopting a pacing or graduated approach to training
that is “quota-based” results in adaptation to necessary
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FIGURE 7-10.  Phantom limb pain.

FIGURE 7-11.

Mirror box therapy.

applied stress, while simultaneously minimizing the risk
of recurrent or new injury.

How Does the Body Resist Injury?

In rehabilitation settings, stability (competency) not
strength (capacity) is the objective. The spinal column with-
out muscles buckles at a load of 90 N (20 Ib), and accord-
ing to Panjabi (26), “This large load carrying capacity is
achieved by the participation of well-coordinated muscles
surrounding the spinal column.” Such antagonist muscle
coactivation is necessary for aiding ligaments in maintaining

—
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FIGURE 7-12.  Antagonist muscle coactivation for spinal stability.

joint stability during loaded tasks (Figure 7.12). Both
deep and superficial muscles participate in providing this
intermuscular coordination (Figure 7.13). Cocontractions
increase spinal compressive load, as much as 12% to 18% or
440 N, but more importantly greatly increase spinal stabil-
ity by 36% to 64% or 2,925 N (27). They have been shown
to occur during most daily activities (28). This mechanism
is present to such an extent that without cocontractions the
spinal column is unstable even in upright postures! (29). It is
the coordinated timing of these muscular contractions that
is essential to achieving stability, not merely the force pro-
duced by individual muscles.

At the University of Waterloo, McGill (8) has measured
muscle activation versus spine load during a wide variety
of different popular and novel exercises (Figure 7.14).

* Routine activities of daily living (ADLs)—2,000 N

¢ National Institute of Occupational Safety and Health
limit—6,400 N

¢ Acute/subacute low back pain—3,000 N

The sit-up is a good example where information about
spinal load is necessary for clinicians (8). The traditional
sit-up involves 3,350 N of force (Figure 7.15). The clini-
cian dealing with low back pain patients should attempt
to cylindrically activate the abdominal wall with minimal
load on the lower back. The McGill curl-up is an excellent
alternative with only 2,000 N of force on the lower back
and yet nearly equivalent muscle activation (Figure 7.16).
In a society with an 85% lifetime prevalence of low back
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FIGURE 7-13.  Intermuscular coordination. (A) Deep A
muscles (diaphragm, transverse abdominis, multifidus,
rotators, pelvic floor). (B) Superficial (diaphragm, oblique
abdominals, rectus abdominis, quadratus lumborum,
erector spinae, pelvic floor). From Liebenson C, ed. Reha-
bilitation of the Spine: A Practitioner's Manual. 2nd ed.
Philadelphia, PA: Lippincott Williams & Wilkins; 2006.
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FIGURE 7-14.  Injury risk: ratio of muscle challenge to joint load.

FIGURE 7-15.  Sit-up.

FIGURE 7-16.

Curl-up.
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pain, perhaps this judicious use of spinal load should be
expanded, with everyone considered as potential back pain
sufferers and unnecessary training loads avoided.

The sit-up on the ball is a more advanced exercise, but
the high spinal load to muscle activation ratio makes this
a potentially poor training choice for flexion-intolerant
low back pain individuals. In contrast, the “Stir the Pot”
exercise offers an equivalent abdominal challenge with far
less spine load (Figure 7.17). Additionally, it will train the
spine in its functional role as a “punctum fixum” acting as
a strong, stable foundation for the ball and socket joints of
the upper and lower extremities to create a pulsed or ballis-
tic force against. When truly stable, the core will facilitate a
trampoline-like effect potentiating power production with-
out sacrificing stability.

Trunk extension is another example where spinal
load data can influence clinical decisions (8). The prone
superman involves potentially harmful forces of 4,300 N
(Figure 7.18). The quadruped position is a much better
choice for spinal extensor training. The bird-dog exerts
3,000 N of force on the spine, while the quadruped leg
raise between 2,000 and 2,300 N of force (Figure 7.19).

Another popular gym exercise that places the spine in
a potentially dangerous position is the leg press machine
(Figure 7.20A). The lumbar spine is placed in kyphosis that
adds strain to the posterior portion of the intervertebral disc.
One biomechanical modification that will reduce lower back
strain is to perform the leg press with one foot on the ground
(Figure 7.20B). Another option is to forgo the leg press alto-
gether in favor of more stereotypical human movements.
The standing squat (discussed below) places more emphasis
on balance and motor control and is more likely going to
translate to improved function or athletic performance.

Squats are often performed with excessive weight
before form is mastered (Figures 7.21 and 7.22). If the
depth is too great given a person’s posterior hip cap-
sule flexibility or ankle mobility, a lumbar kyphosis will
occur. Many different ways exist to modify the squat so
that it can be performed safely. Emphasizing or teaching

the “Hip hinge” is one such method (Figure 7.23) to
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FIGURE 7-17.  “Stir the pot.”

FIGURE 7-18.  Prone superman.

FIGURE 7-20. Leg press. (A) Double leg press (unsafe). (B) Single
FIGURE 7-19.  Bird-dog. leg press (safe).
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FIGURE 7-21.

Lumbar Hinge—incorrect form.
FIGURE 7-22.  Hip hinge—correct form.

FIGURE 7-23.  Hip hinge with dowel cueing. (A) Incorrect. (B) Correct.
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FIGURE 7-24.  Box (arm rest) squat.

A
FIGURE 7-25.

Single leg squat. (A) Start. (B) Finish.

promote greater utilization of the acetabulofemoral joint.
Performing an arm rest or box squat is also an automatic,
reflexive method to trigger healthful squat mechanics
(Figure 7.24).

Single leg squats are an example of a challenging
exercise, especially for the knee (Figure 7.25), particularly
when performed incorrectly. Rear foot elevated split
squats (popularly known as Bulgarian split squats) are a
modification or transitional exercise from two-leg to single
leg exercise that facilitates not only better knee stability
(Figure 7.26) but also ease of performance.

THE ROLE OF “KEY LINKS” IN
NORMALIZING FUNCTION IN
THE KINETIC CHAIN

Musculoskeletal problems are often viewed from a nar-
row perspective. The site of pain and its source are
often assumed to be identical, thereby leading many
practitioners astray. In clinical rehabilitation, searching for
the source of biomechanical overload is of utmost impor-
tance when examining a patient (30). The body should
be viewed as a kinetic chain involving regional interde-
pendence (31). For example, impairments in the hip may
predispose to knee or back injury (Figure 7.27) and loss
of thoracic extension mobility can predispose to shoulder
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A
FIGURE 7-26. Rear foot elevated split squat. (A) Start. (B) Finish.

or neck pain (Figure 7.28). According to Cook, “pain and
dysfunction, regardless of their origin, alter motor con-
trol. That is why initially we focus on training the most
dysfunctional, non-painful pattern” (19). Viewing this in
the context of training, impairments in the core may lead
to “energy leaks,” resulting in decreased force transmission
from the lower body to the upper body and vice versa.

The goal of the functional approach is to identify and
remediate faulty movement patterns, in both rehab and
training settings. Remember, “durability is more impor-
tant than ability.” Loss of force transfer at any link of the
kinetic chain may lead to “energy leaks,” decreased per-
formance, and resulting injury. Normalizing specific dys-
functions of any movement pattern including the associ-
ated joint, muscle, or fascia will likely facilitate improved
performance. Mobility deficits of the thoracic spine and
hip, and stability deficits of the lateral hip/pelvis and core
deserve to be highlighted for their influence throughout
the locomotor system.

FIGURE 7-27.

Single leg squat dysfunction.
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FIGURE 7-28. Thoracic extension dysfunction.

Thoracic Spine Influences
On the Shoulder

Thoracic spinal manipulation has been shown to be helpful
for patients with shoulder impingement syndrome (32-34).
In one controlled study, it was shown effective by itself (35).

On the Neck

It has been demonstrated that a significant association
exists between decreased mobility of the thoracic spine
and the presence of patient-reported complaints associated
with neck pain (36). Cleland et al. (37,38) showed that in
selected patients, manipulation of the thoracic spine was a
successful treatment for patients with neck pain.

Hip Influences

On the Lower Back

Lateral hip instability and posterior hip mobility deficits are
functional problems that influence areas above and below
it. For example, the active hip abduction test can predict
individuals who are at risk for low back pain development

during prolonged standing (39).

* Whitman et al. (40) found that treatment of the hip
was successful in management of spinal stenosis.

* Cibulka et al. (41) reported that unilateral deficits in
hip range of motion were associated with sacroiliac
pain syndromes.

* Frost (42) reported that exercise band training
designed to facilitate greater gluteal activation did so
while sparing the spine.

On the Knee

Cliborne et al. (43) found that hip dysfunction was cor-
related with knee pain associated with arthritis and that hip
mobilization was beneficial in these patients. Improvements

in hip flexion strength, combined with increased iliotibial
band and iliopsoas flexibility, were associated with excellent
results in patients with patellofemoral pain syndrome (44).

Core Influences
On the Knee

Athletes with decreased neuromuscular control of the body’s
core, measured during sudden force release tasks and trunk
repositioning, are at increased risk for knee injury (45,46).
Specifically impaired trunk proprioception and deficits in
trunk control have been shown to be predictors of knee

injury (45,46).
On the Hamstring

A rehabilitation program consisting of progressive agil-
ity and trunk stabilization exercises was found to be more
effective than a program emphasizing isolated hamstring
stretching and strengthening, in promoting return to sports
and preventing injury recurrence in athletes suffering an
acute hamstring strain (47).

Problems

Any athlete suffering from pain should seek clinical
evaluation. However, in order to bridge the gap back to
“unstructured movements,” he/she must learn the value of
maintaining stability in key regions. For example, by way of
the hip, the athlete must avoid medial collapse of the knee
during single leg training; at the lumbar spine, the athlete
should avoid end-range or loaded trunk flexion movements
or coupled trunk flexion/rotation; at the shoulder girdle,
he/she should avoid shrugging or rounding forward; at the
head/neck, the athlete should avoid head forward/chin jut
posture; and in all positions must avoid breathing apically.

Clinicians and trainers should also facilitate their ath-
letes to build a “stability margin of error” by not train-
ing beyond fatigue and allowing the above form errors. As
both Cook and Janda said, “it’s not how much weight or
how many reps, it’s the quality of the movement that is
important” (5,19).

FUNCTIONAL TRAINING

To strengthen a muscle requires that the muscle be trained
at or near its maximum threshold (see also Chapter 34).
Traditional gym exercises achieve this by isolating indi-
vidual muscles and placing the body in an externally
stabilized position (e.g., sitting or lying on a bench) to
maximize force generation. It is also commonly thought
that strength training works best when movement occurs
in only one plane and is limited to a single joint.
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In contrast, functional training integrates many
muscle groups by placing the body in the less stable, but
more functional positions, often including the perfor-
mance of multijoint exercises. If the goal is to improve
movement patterns that are used in daily life, at work, or
in sports or recreational activities, then multijoint train-
ing that incorporates movement that is unconstrained
and requires multiplanar stability makes sense. Recall
that the brain thinks in terms of movement, not mus-
cles. This is of pivotal importance to achieving optimal
training results.

Bear in mind that functional training is not mimicry
(i.e., sport-specific training) of specific movements carried
out in life (see section “Neural Adaptation”). If the goal
is to enhance durability and power in sport, then training
which enhances these attributes is functional. For instance,
an extrinsic cue such as “visualize flying in the air” will
enhance performance in a broad jump. This would then
be functional. Or, training an individual’s dead lifc may
reduce back pain after a football game. This too would then
be functional.

“Functional training is not sport specific training. Itis that
which makes a person more functional” Cook (19).

Ironically, in the World’s Strongest Man Competition,
muscles are rarely activated to their maximum capacity.
According to McGill et al., “Training for strongmen events
has extended to athletes training for other athletic endeavors
that require strength .... Many so-called ‘functional’ train-
ing approaches involved natural constraints on the activa-
tion of muscle groups ... because joint torques about the
three orthopedic axes of each joint must remain in balance
to match the task” (48).

In a related study, McGill et al. state “this need for
torque balance and functional ‘steering’ of force through
the body linkage creates constraints on activation levels of
specific muscles” (49). It is not possible to activate single
muscles to 100% of their maximal voluntary contraction
(MVC) in functional exercises “because this would upset
the balance of moments about the 3 orthopedic axes of the
spine, or it would upset the balance of stiffening muscles
around the spine required to ensure stability of the spinal
column.” Muscle activation levels are quite modest even
though the tasks are fairly strenuous. He further states,
“these constraints are one aspect of what separates ‘func-
tional’ exercises from muscle isolationist exercises, in which
machines create constraints to allow single muscles to acti-
vate to very high levels” (49).

It is often taught that to build leaping power strength
training of 80% to 95%, one or three to five repetition
maximums (RMs) are required (50-54). Sotiropou-
lous et al. (55) demonstrated that half squats performed
as a dynamic warm-up at low to moderate intensity, but
maximum velocity improved countermovement jump

performance significantly. According to Siff and Verk-
hoshansky (56) exercises with submaximal loads prepare
the nervous systems for explosive activities.

The use of the kettlebell is also a novel way to intro-
duce more functional training since weight distribution of
the bell introduces momentum which must be harnessed.
Lake and Lauder recently reported that the kettlebell
swing was as effective for improving maximal strength
and explosive strength (vertical leap) as jump squat power
training (57).

Plyometric power in the legs, specifically frontal plane
leaping power, has been shown to correlate with throw-
ing velocity in collegiate baseball players (58). Similarly
power as demonstrated in an overhead medicine ball toss
(greater distance thrown) had a strong direct relationship
with throwing velocity in both collegiate baseball and soft-
ball players (59). Table 7.1 lists some upright “functional
training” exercises.

What typifies these exercises is that the individual is
not supported on a bench or chair, not constrained by
the exercise machine, and most of the movements are
multijoint and multiplanar. They all impose a balance or
equilibrium challenge so muscles have to work to main-
tain stability while at the same time exerting force. Each
exercise can be made very strenuous, although initially
they should involve controlled resistance only so that
the ABCs of agility, balance, and coordination can be
programmed.

“Power is nothing without control”
Advertising slogan of Pirelli Tyre Company.

When center of mass is dynamically maintained over
the body’s base, equilibrium is maximized. When key joints
are functionally centrated, agonist-antagonist muscles’
length—tension relationships are optimized for stability and

power.

TABLE7.1  Examples of Upright “Functional

Training” Exercises

Pallof press (anti-rotation press)
Kneeling/standing overhead cable push
Chops/lifts

Medicine ball tosses

Kettlebell swings

Farmers walk

Suitcase/waiter carries

Balance reach

Agility training

Plyometrics
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Take Home Points Regarding Functional Training

Upside: Performing strenuous upright tasks automatically
creates a stability demand on the individual.

Downside: This stability demand constrains the
achievement of individual muscle MVCs.

Note: The constraining of maximum muscle MVCs is not a
weakness of “functional training” but more an indication
of efficiency of muscle contraction and coordination.

CORTICAL PLASTICITY

When a person is suffering from persistent pain, guarding
is an expected yet potentially deleterious response. Janet
Travell (White House physician to John E Kennedy) said,
“after an injury tissues heal, but muscles learn, they readily
develop habits of guarding that outlast the injury” (60).
Similarly, in the sports medicine world, according to Stan-
ley Herring (a team physician for the Seattle Seahawks of
the National Football League), “signs and symptoms of
injury abate, but these functional deficits persist ... adaptive
patterns develop secondary to the remaining functional def-
icits” (61). Clearly, if guarded movements are programmed
and persist even in the absence of pain, then faulty move-
ment patterns will be reinforced over time. As Aristotle said,
“Practice doesn't make perfect, it makes permanent.”

In ankle sprain patients, a significant delay in onset of
activation of the gluteus maximus on the injured side per-
sists post injury. Bullock-Saxton, Janda, and Bullock (62)

Functional training incorporates whole body motor con-
trol with particular attention paid to optimal movement qual-
ity or competency. Adhering to ideal movement patterns when
training the athlete will promote greater movement efficiency
and proper energy transfer across contralateral and upper/
lower body kinetic linkages and doing so in this manner allows
ideal transfer of positive motor learning. By training function-
ally relevant movement pattens with good motor control as a
springboard for the safe development of capacity.

The ideal time to “program” movement skills is before
puberty. Both neural myelination and androgenic hormonal
influences can be positively influenced by coordination-
based training (63). However, proper programming can
benefit individuals and athletes at all ages and levels.

Visualization

In 1992, two scientists, Yue and Cole, performed a study to
demonstrate the power that the mind has over muscles (64).
The study consisted of two groups of people. The first group
performed a strength training exercise for the pinky finger,
five times per week, for 4 weeks. The second group imag-
ined performing the same exercise for the same frequency

and timeframe. While the subjects that performed the
actual strength training improved their strength by 30%,
those subjects that simply imagined the strength training
exercise improved their strength by 22%.

Neurophysiological research has suggested that, through
the use of mental practice, it may be possible to improve
muscle strength without actually requiring significant mus-
cle contraction (64,65). Yue, speaking of the plasticity of
neural command for MVC ability, asks “Is the command
from the brain to muscle for MVC fixed?” If the answer
is yes, then only enlarging muscle mass and/or improving
muscle coordination results in enhanced muscle strength. If
the answer is no, then increasing neural command from the
brain through training the neuromuscular system or even
the neural system alone leads to improved muscle strength.

Mental practice has similarly been shown to be effective in
increasing the force production of the abductor digiti minimi
muscle in the hand (66). The improvement in muscle strength
for trained groups was accompanied by significant increases
in electroencephalogram-derived cortical potential, a measure
previously shown to be directly related to control of voluntary
muscle contractions. Mental practice also produced strength
gains in the larger ankle dorsiflexor muscles, which are impor-
tant during walking (67). Training of one limb was associated
with an increase in the voluntary strength of the contralat-
eral untrained muscles, even though the contralateral muscles
remained quiescent during training (68). Mental practice in
people without impairments can lead to an increase in torque
production similar to that produced by physical practice.

These findings should not be surprising considering that
the majority of initial strength gains from resistive exercise are
not due to changes in the physiological capacity of the mus-
cle fibers themselves. Muscle hypertrophy resulting from the
addition of contractile proteins is a gradual process that takes
many weeks to occur (69,70). The ability to increase force
production during the initial weeks of training therefore is
thought to be the result of neural adaptations (69,71). Possible
mechanisms of these neural adaptations include the extent of
motor unit activation (72), improved coordination (73), and
decreased cocontraction of antagonist muscles (74).

It has been suggested that neuromuscular activity enables
the motor cortex to develop motor schema (75) or primes cor-
responding muscle movement nodes (76). In a more cognitive
interpretation, researchers have proposed that mental practice
increases performance by improving the preparation and antici-
pation of movements rather than movement execution (77).
Support for this proposal comes from the finding, obtained
from positron emission tomography, of increased activity in the
medial aspect of the orbitofrontal cortex and decreased activity
in the cerebellum following mental practice (77).

Myelination

Coyle explains in his brilliant book, The Talent Code,
that skill is made not born (78). This is made possible by
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focused practice. If the student is motivated and has the
right teacher, human potential, as Maslow taught, is unlim-
ited (79). Myelination of new neural pathways is a big part
of the neuroscience behind such talent development.
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* Turn suboptimal movement patterns into optimum
movement patterns

* Train the hardest, most functionally relevant move-
ment a person can do well

* “We're built to make things automatic, to stash them
in our subconscious mind” (78)

“The importance of repetition until automaticity occurs
cannot be overestimated.” Wooden (80)

Mpyelination is an underappreciated mechanism of activ-
ity-dependent nervous system plasticity. One study reported
increased myelination associated with extensive piano play-
ing. Practicing piano as a child increased myelination in the
posterior limbs of the internal capsule bilaterally, the corpus
callosum, and the fiber tracts in the frontal lobe in proportion
to the number of hours at the piano. These regions carry sen-
sory-motor information for independent finger movement
and cross-connections between auditory regions and premo-
tor cortex coordinating bimanual movement, respectively. In
adolescence, increased myelin was seen in interhemispheric
fibers from superior temporal and occipital cortical areas,
which include auditory and visual processing regions, respec-
tively. Practicing the piano as an adult increased myelination
in the arcuate fasciculus, which connects the temporal and
frontal regions. The long association fibers of the forebrain,
which are increased by adult practicing, continue maturation
into at least the third decade of life (81).

Activity-dependent effects on myelination cannot be
considered strictly a developmental event (82). Prelimi-
nary findings suggest that activity-dependent effects on
myelination may not be limited to the visual system or
early postnatal development (83).

During motor learning, neural activity in various
regions of the brain changes according to the level of the
motor skill achieved (84-86). One recent study showed
that physical training and mental practice of a motor skill
resulted in a similar amount of improvement in perfor-
mance and a similar pattern of adaptation in the primary
motor cortex in human participants (86).

The field of activity-dependent plasticity, historically
divided between those favoring a pre- or postsynaptic mecha-
nism as preeminent, is expanding its scope to consider the
role of perisynaptic glia in synaptic function and modulation.
Now a further expansion may be required to consider a pos-
sible role for myelinating glia (Schwann cells and oligoden-
drocytes) (22,23,87). It has been shown that how a coach or
trainer organizes a training or practice session influences the
formation of adhesive motor memories, through facilitation
of specialized regions in the brain involved in the active prepa-
ration and implementation of motor programs (88).

Considering the difficult history of correlating struc-
tural changes in synapses with functional plasticity, it is not
surprising that activity-dependent plasticity in myelination
has become apparent only relatively recently (89). This
activity-dependent mechanism promoting myelination
could regulate myelination according to functional activity
or environmental experience (90).

“Knowledge is not skill. Knowledge plus ten thousand
times is skill.” Suzuki (90)

The goal should be to train the nervous system. This is in
contrast to training muscles. Whether in sport or in clinical
practice, we now know that the human mind is hackable.

Steps to Enhance Formation of a New Motor Engram
Fire
Wire
Seal

NEURAL ADAPTATION

In concert with the SAID principle, the locomotor system will
specifically adapt to the type of demand placed upon it. Train-
ing effects are known to be velocity (91,92) and position (i.e.,
joint angle) specific (93,94). Evidence also shows that training
leads to length-, task-, and speed-specific changes (93-95). For
example, long distance running will improve cardiovascular
endurance, but not speed. Also, regular resistance training with
near maximum effort and few repetitions will lead to greater
gains in strength or power, but little gains in endurance.

Training with slow “negative” work or lengthening
under load contractions, for example, increases force out-
put of eccentric contractions without necessarily affecting
neuromuscular capacity during concentric contractions.
Further, training at a specific joint angle (shortened range
of motion, for example) will not or may not influence the
force output of the muscle group when the joint is utilized
in its full range of motion. Thus, athletic development pro-
grams should be specifically adapted to the muscles, joint
ranges of motion, and tasks targeted.

While eccentric training may not directly improve con-
centric strength, it is important in setting the stage for explo-
sive power. Training eccentric control is important for athleti-
cism as dynamic movement involves an eccentric component
followed by a momentary isometric state (the amortization
phase), and then a concentric contraction. Improved handling
of eccentric load will result in higher transitions of kinetic
energy into concentric (explosive) contraction. According to
Dietz and Peterson, “The key to improved sport performance
is producing more force in less time. This results when an ath-
lete can absorb more force eccentrically, allowing him, in turn,

(c) 2015 Wolters Kluwer. All Rights Reserved.



CHAPTER 7 | FUNDAMENTALS OF TRAINING THE LOCOMOTOR SYSTEM

to apply higher levels of force concentrically in less time” (96).
The concept of Rate of Force (ROF) Development is thus a
crucial one which is addressed in Chapters 28 and 34.

Neural adaptation underlying exercise or training effects is
often taken lightly. In fact, strength increases can be obtained
through modifications at the neural level alone (71). When
movement competency and functional capacity are improved
such that athletic parameters such as ROF development are
emphasized the trainer can predict that residual adaptation
will be achieved from the athlete’s program (see Chapter 34).
When morphologic changes do occur (i.e., increased muscle
fiber size), they come into play after the neurophysiologi-
cal modifications (69,97) measured, for example, through
motor unit recruitment frequency or synchronization of
motor units. Enoka said, “Although the maximal force which
a muscle can exert is directly related to it’s cross-sectional area,
there is poor correlation between increases in strength and
size,” “neural changes precede morphological ones” (71).

The more similar the exercise is to the actual activity
(e.g., neuromuscular contraction, whole body coordina-
tion, speed) the greater the likelihood that improvements in
function at home, sports, or work will occur. This is known
as the transfer-of-training effect. Therefore, if training pro-
grams do not address the specific functional needs of the
individual, the goal cannot be achieved.

Controversies in Training

The intent is not to promote “mimicry” of sport during
training. Of utmost importance during training is that key
dysfunctions are improved. “The goal of training is not to
teach perfect patterns but to correct the key fault that is
causing the trouble.” Lewit (98)

For neural adaptation to occur, it is necessary for train-
ing to occur at the limit of one’s capability. This is termed
the threshold. According to McArdle and Katch, “There
exists an appropriate level of stress whereby the system will
adapt. Below this level, little or no change will occur.” They
go on to say, “The intensity must be high enough so that a
specific physiologic system is stressed at or near its present
maximum capacity in order to cause the system to adapt,
thereby improving performance.” (2)

LONG-TERM ATHLETIC DEVELOPMENT
AND PARTICIPATION

North American society has become ever more sedentary
(see also Chapter 34). Americans take approximately 5,000
steps/day while the average in Western Australia or Swit-
zerland is closer to 10,000 and in Japan about 7,000 (99).
A study of Amish men (18,000 steps/day) and women
(14,000 steps/day) revealed that modern lifestyle has trans-
formed our level of activity (100) and recent data show that

42% of boys and 21% of girls are underactive (101). The
result, childhood obesity and diabetes are on the rise.

Early Specialization

Sendentarism notwithstanding, many individuals have fallen
into the trap of assuming “more is better.” Widespread par-
ticipation in organized youth sports is occurring at a younger
age (National Council of Youth Sport) (102) as young players
undertrain and overcompete. Although this early specializa-
tion (devoting oneself to a single sport) (103-105) may lead
to greater success in the younger years, the opposite seems to
be true in the long term. In fact, early specialization and a
low training to competition ratio are also correlated with an
increased risk of injury (106) and a rise in overuse injuries
such as stress fractures and growth plate injuries. Acknowl-
edging the intense draw of athletic success with the potential
for college scholarships and professional contracts, parents
and youth athletes should be reminded that for lifelong suc-
cess we must create an athlete that moves exceptionally well,
then we can make that athlete excel at a particular sport.

What is becoming more and more prevalent is early
sport-specific specialization in late specialization in sports,
for example, baseball, Olympic weight lifting, or any sports
which we do not see world champions under the age of 18.
In the outlier sports, early specialization is required such as
gymnastics or figure skating. However, even in these activi-
ties caution needs to be applied to avoid overtraining.

Chronological versus Biological
Age-Appropriate Training

Skill-appropriate training is necessary because chrono-
logical and biological ages are not equivalent. By 7 years
of age maturity-related differences in body size are appar-
ent (107). The reasons for participating in a variety of
sports at a young age are to promote fundamental move-
ment skills (FMS) as well as develop the mental advantage
that comes from learning different strategies (108). It has
been shown that preadolescence is the optimal window
to develop FMS (63,109,110). In particular, this should
occur prior to the period of “peak height velocity” (111).
Therefore, children who grow at a younger age should have
this coordination-based training initiated earlier. Training
should be both challenging and fun—not too easy or too
hard, especially in the preadolescent group. This is neces-
sary to keep children engaged and motivated (112,113).

Gender-Appropriate Training

Girls and women have different fitness attributes than their
male counterparts. For instance, during puberty boys’ vertical
jump height increases much more than in girls (114,115). The
same is true with respect to hip abduction strength (116,117).
Ford identified that pubertal girls have a tendency toward
abnormal landing mechanics, which can worsen over
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time (118,119). Knee injury risk in women (e.g., noncontact
anterior cruciate ligament injuries) both in childhood and at
the collegiate athletic level is much higher than their male
counterparts (120,121). Various contributing risk factors in
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postpubertal women have been identified and integrative neu-
romuscular training programs have been shown to improve the
faulty biomechanics and reduce injury risk (122-125). When
such movement literacy training is added to a traditional con-
ditioning program, improvements in athleticism (balance abil-
ity and vertical jump height) have been noted (126).

Neuromuscular Training versus
Strength Training

Integrative neuromuscular training is essential for injury
prevention. Athletes expose their lower extremity to ground
reaction forces up to 5-7 times their body mass in sport
(127-129), and integrative neuromuscular training may
reduce the injury rate in youth athletics by 15% to 50%
(130). Integrative neuromuscular training programs should
include strength and power training (modified cleans, pulls,
presses) and plyometric exercise (e.g., single and double leg
hops and jumps). Such methods combine resistance and
motor control and have been shown to reduce the incidence
of sports-related injuries in youth sports (123,131,132)
including soccer and football (131,133-135).

Strength development may reduce the risk of injury
occurring during sport-related activities (134). Previous
weight training has been shown to reduce recovery time
from injury although controversy exists regarding the
safety of weight training in youth prior to skeletal maturity
(136-138). That said, with regard to acquiring necessary
movement literacy to perform resistance exercises and lift-
ing techniques with proper coordination and skill, some
argue “the younger the better” (112,139,140).

Injury is directly related to the quality of supervision
and/or poor technique or both (141). Both in schools
and in recreation centers, untrained youth may overes-
timate their capabilities and increase their risk of injury
(141-144). Unsupervised weight lifting, resistance train-
ing, or plyometric exercise should not be performed due to
enhanced risk of injury (144-146). Two-thirds of all pre-
adolescent (ages 8—13) injuries with weight training are to
the hand and foot and related to “dropping” or “pinching”
and thus preventable with proper supervision (144).

Other youth injury-related factors include excessive
intensity, volume, frequency, or competition or inadequate
recovery (147-149). An appropriate injury preventive pro-
gram must include proper supervision and training. It must
also include both resistance and FMS training and must be
progressive and varied in volume and intensity over time
(i.e., periodization). Training without a plan, especially in
younger athletes, results in catastrophe and thus long-term
athletic development incorporates stages such as “learning
to train” and “training to compete.”

Signs and symptoms of overtraining must also be recog-
nized and identified by the supervising professional. These
include muscle soreness that lasts greater than 1-2 days,
diminished performance, frequent upper respiratory illnesses,
sleep or appetite changes, inability to concentrate, mood
swings, and so on (111,149,150). It can also include changes
in heart rate variability or decline in lifting speed/capacity.
Periodic less intense training should therefore be included
in a youth athletes’ training program (151). Additionally,
readiness for sport (preparedness) may also be screened to
determine whether baseline movement literacy in the FMS is
present before the start of a sport season (111,116,128,141).

Resistance Training in the Elderly

Decreases in muscle strength and mass have been assumed
to be an inevitable consequence of aging. Muscle mass
decreases by 3% to 6% per decade after the age of 60 (152).
However, recent studies suggest that age-related muscle
loss—sarcopenia—can to a great extent be prevented with
increased activity (153,154). Resistance training of frail
men and women in their nineties has been found to be safe
and result in significant gains in muscle strength and func-
tional mobility (155). Health care professionals and the
public have focused much attention on age-related changes
in bone density, but have ignored these muscle changes.
Yet, muscle changes are extremely important when one
considers risk of falls and fractures and general well-being.

One of the most well-established tests in the strength
training field is the 1RM (one repetition maximum) (156).
This test is a valuable guide during high-resistance strength
training and has been used in people with heart disease
as well as in the elderly (157). Elderly individuals exercis-
ing at an intensity of at least 80% of 1RM show strength
gains and functional improvement (158,159). It has been
shown to reduce resting blood pressure in older persons. It
has been shown to be safe for older persons both with and
without high-risk cardiac conditions (160-162).

According to DiFabio (157), certain prerequisites are
necessary for safe 1RM testing in older persons:

* DPain-free range of motion should be measured and
the athlete should stay within it.

* Avoidance of the Valsalva maneuver during exertion
is required.

* Proper form and slow, controlled movements are
necessary.

THE ROLE OF REHABILITATION
AND TRAINING

Rehabilitation and training should build the movement com-
petency and functional capacity required to address specific
capacity deficits that place the individual at risk for injury or
reduced performance. The functional history should identify
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TABLE7.2  Normalization of Faulty Movement

Patterns

Mobilize stiff areas
Facilitate “weak" areas
Retrain functional movement patterns on an automatic basis

the individual’s activity demands. In particular, what demands
are giving them the greatest trouble? Should such demands be
limited or disabled in any way, they are termed activity intol-
erances. For both patients and athletes, the functional exami-
nation should also identify their functional capacity deficits.
The gap between their capacity and demands is what places
them at risk (see Figure 7.1) for injury or decreased perfor-
mance. The role of rehabilitation and training is to close
that gap. Once capacity exceeds demands there is a “stability
margin of error” (163). The process of building functional
capacity is simple—normalize faulty movement patterns
responsible for repetitive strain (Table 7.2).

In the context of pain management and athletic devel-
opment, the following steps apply:

* Reassurance and recovery: diagnostic triage, threat
reduction, palliative care (manual therapy, medica-
tion, modalities), inflammation reduction, ergonomic
advice (sparing strategies)

* Rehabilitation: functional movement pattern assess-
ment, motor control (stabilization) training, mobili-
zation, cardiovascular training

* Reconditioning: functional capacity assessment,

endurance, strength, agility, speed, and power training

Training Methods

It is important to make training safe, effective, and effi-
cient. To do so, it is essential that the focus be on a painless
dysfunction (EMS score of 1) that is deemed a source of
biomechanical overload in the kinetic chain.

TABLE7.3 | Types of Exercises

Sensory-motor
Respiration/breathing

Core stabilization/motor control
Thoracic mobilization

Hip mobilization

Bridges

Squats/lunges

Functional reaches
Scapulothoracic facilitation
Dynamic neuromuscular facilitation
Push/pull (horizontal and vertical)

TABLE7.4 | Rehabilitation Tools

Balance boards/pads
Foam roll

Gym balls

Medicine balls
Bands/pulleys
Tubing

Dumbbells
Kettlebells

Bar

Many different exercises can be incorporated in training
(Table 7.3). A variety of low-tech tools (Table 7.4) and pro-
gressions (Table 7.5) can also be chosen for rehabilitation
and training. Training should also occur in a functional
training range (FTR) that has been defined by Morgan as
“the range which is painless and appropriate for the task
at hand”. The goal is to expand this FTR until capacity is
greater than the demands of one’s ADLs or recreational,
sport, or work activities, thus ensuring the “stability margin
of error”. Expanding the FTR “within-session” (see Chap-
ter 5) is the key to the training program enhancing residual
adaptation over time (see Chapter 34).

Making this process efficient requires that compliance
and motivation are high and that adhesive, transferable
results can be reasonably expected in a regular, measurable
manner. Avoiding an emphasis on cortical or internal cues
and empbhasizing facilitatory or external (i.e., target-based)
cues is one key element. Goal- or movement-oriented ver-
bal cues instead of explaining muscle contraction or joint
position is preferable. “Drive your heels into the floor” is
a preferred cue over “contract your glutes” during a hip
thrust or glute bridge exercise. As Janda said, “minimize the
conscious awareness phase and find something the patient
does well automatically as soon as possible” (5).

TABLE75 | Progressions

Stable to unstable

Single joint to multijoint

Isolated to integrated

Uniplanar to triplanar

Nonweight bearing to weight bearing

Developmentally immature to developmentally mature (higher
developmental levels)

Passive modeling to active assistance
Active assisted to active unassisted
Active unassisted to active resisted
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“The best resistance is the one that causes the problem to
correct itself without verbal or visual feedback.” Cook (19)

“First move well, then move often.” Cook (19)

CONCLUSIONS

We can see in both the rehabilitation and training fields
an evolution toward greater emphasis on motor control
with a concurrent lessening of the emphasis on isolation
of individual muscles and joints. This new paradigm
focuses on promoting activity and sustained athletic par-
ticipation. It is both patient- and athlete-centered in that
it seeks to reduce activity intolerances, enhance perfor-
mance, return the athlete to play, and prevent injury or
recurrence.

There are many sacred cows in both the rehabilita-
tion and strength and conditioning fields. These are the
methods of yesteryear that were successful in spite of their
flaws. Just like poor quality movements, low-quality train-
ing methods must be assessed, improved, and reassessed.
While such beliefs or practices are considered by some to
be exempt from criticism or questioning despite containing
inaccurate dogmas, this book will attempt to expose some
of these myths, while proposing alternative, science-based,
explanations.
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PART

Baseball

Baseball is a popular sport, with an estimated 16 million
children playing organized baseball in the United States (1).
Little League Baseball alone recorded more than 2.6 million
participants in 2007 (2). With the increase in participation,
there has also been an increase in the number of injuries.
Nationally, an estimated 131,555 high school baseball-
related injuries occurred during the 2005-2006 and 2006~
2007 academic years, for an injury rate of 1.26 injuries per
1,000 athletic exposures. The most commonly injured body
sites were the shoulder (17.6%), ankle (13.6%), head/face
(12.3%), hand/finger (8.5%), and thigh/upper leg (8.2%).
The most common injury diagnoses were ligament sprains
(incomplete tears) (21.0%), muscle strains (incomplete
tears) (20.1%), contusions (16.1%), and fractures (14.2%).
Although a majority of injuries resulted in a time loss of
<7 days, 9.7% resulted in medical disqualification for the
season, and 9.4% required surgery (3).

Another prospective cohort study of 298 youth pitch-
ers conducted over two seasons showed that frequency
of elbow pain was 26% and of shoulder pain, 32%.
Risk factors for elbow pain were increased age, increased
weight, decreased height, lifting weights during the sea-
son, playing baseball outside the league, decreased self-
satisfaction, arm fatigue during the game pitched, and
throwing fewer than 300 or more than 600 pitches dur-
ing the season. Risk factors for shoulder pain included
decreased, arm fatigue during the game pitched, throw-
ing more than 75 pitches in a game, and throwing fewer
than 300 pitches during the season. In conclusion, arm
complaints were common, with nearly half of the sub-
jects reporting pain. The factors associated with elbow
and shoulder pain were different, suggesting differing
etiologies. Developmental factors may be important in
both shoulder and elbow injuries. To lower the risk of
pain in both locations, young pitchers probably should
not throw more than 75 pitches in a game. Other recom-
mendations are to remove pitchers from the game if they
demonstrate arm fatigue and limit pitching in nonleague

games (4).

Sport-Specific Training

Considerations

Neil Rampe

Several authors attribute most shoulder and elbow inju-
ries to overuse which mostly affects pitchers and catchers
rather than other positions (4-9). Overuse may occur dur-
ing a single game or throughout a season or year in the
young baseball player. Pitch type and velocity have been
associated risk factors in young pitchers (7-11).

With the majority of injuries occurring at the shoul-
der and elbow, understanding the biomechanics of the
throwing motion is necessary to preventing injuries. It
is generally understood that the dominant arms of most
throwing athletes are subject to significant forces. Improv-
ing pitching mechanics has been recommended as a means
of improving the performance and possibly the safety of
young pitchers (12-16).

The maintenance of shoulder health in adolescent
throwers may be achieved by an appropriate stretch-
ing and strengthening program as a normal part of their
routine. Young pitchers should be coached regarding
proper throwing mechanics, which involve the coordina-
tion of all muscle groups including the lower extremity
and core musculature, to generate the forces required to
pitch at high velocities. This coordinated muscle activity
protects the involved joints by redistributing the forces
to the distal segments. Much of the focus in the latest
research has been on the shoulder and elbow, but under-
standing that throwing requires a transfer of energy up
the kinetic chain from the lower body to the upper body
may refocus preventative thoughts. Hence, strengthening
the core muscles of the thoracic and lumbar spine as well
as the lower extremities should be a key component in a
thrower’s exercise program. A stable shoulder girdle is also
critical to proper pitching mechanics, and strengthening
the periscapular muscles is as important as strengthening
the rotator cuff (17-21).

In an effort to reduce injury in the sport, the funda-
mentals of throwing must be considered. With proper
mechanics, appropriate pitch counts, and a quality exer-
cise program, many throwing injuries may be avoided.
While each player has their own unique throwing style,
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the pitching motion requires timing, and landmarks have
been identified to help break the movement into six critical
phases:

1. Wind-up

2. Stride

. Arm cocking

. Arm acceleration

. Arm deceleration

A\ N W

. Follow-through

The pitcher begins in the wind-up phase, providing a
good position for a timely progression through the six
landmark phases. The wind-up is often referred to as
the balance point where the pitcher stands on the rear
leg while flexing the lead hip and leg. The stride phase
ideally begins as the ball is removed from the glove and
the pitcher’s center of gravity begins to move toward the
plate. The arm cocking phase begins when the front foot
strikes and ends when the throwing shoulder reaches
maximal external rotation. This phase of the throwing
motion is responsible for generating extreme positions
and torques. Maximum external rotation ranges from
160° to 185° (11). This extreme position creates the dis-
tance that the arm acceleration phase will use to internally
rotate the humerus and create velocity. By the end of this
phase, the pitcher is almost completely facing the plate.
The acceleration phase is marked by the transition from
humeral external rotation to forceful internal rotation. It
is during this phase that arms of elite pitchers can reach
speeds in excess of 6,000 degrees per second, thus placing
tremendous forces on the shoulder and elbow (11). Inter-
nal rotation of the arm occurs at approximately 90° per-
pendicular to the torso. Once the ball leaves the fingertips
the job description for the shoulder is no longer about
creating force. The action about the arm is focused on
deceleration and dissipating force. The more efficient the
deceleration phase, the more force or velocity a pitcher
can generate without injury.

The follow-through phase, the final phase, is probably
the single most important factor that can be manipulated to
reduce the risk of injury. Although the shoulder is involved
in most of this phase, pitching also involves other body
parts. Using larger muscle groups like the trunk and hips
to help further dissipate the acceleration forces created is
an excellent means of injury prevention. It is important to
note that once the follow-through phase is over, the pitcher
must be ready to field his position.

Function of the shoulder complex in the overhead ath-
lete requires synchrony of multiple neuromuscular com-
ponents. The precise timing of shoulder neurodynamics,
osteodynamics, and neuromuscular dynamics is dependent
upon function of the entire kinetic chain. In-depth under-
standing of how the shoulder complex functions in rela-
tionship to the torso and lower extremities (kinetic chain)
will allow adequate conditioning in preparation for com-
petitive sport or rehabilitation from injury.

PART 2 | SPORT-SPECIFIC TRAINING CONSIDERATIONS

The specific movements of the overhead athlete create
multiple adaptations throughout the kinetic chain. Specific
exercises to promote healthy adaptation are paramount to
the success of any pitching program; moreover, injury pre-
vention is the primary objective with performance enhance-
ment and return from injury being secondary objectives.

KINETIC CHAIN CONCEPTS
AND CONNECTION

A baseball player may be required to move or react in
various methods to accomplish sports-specific movements.
The end result of a perfectly executed movement is the
result of several body parts working in synchrony with each
other. This synergy is accomplished by function of the neu-
romuscular system. The movement of the throwing athlete
is initiated in the foot, transferred through the torso, and
eventually ends with a force being applied by the hand.
It is important to understand how function in one part
of the neuromuscular system can affect function in others.
The function of the entire kinetic chain is paramount to
injury prevention, performance enhancement, and return
from injury.

If one component of the kinetic chain is dysfunctional
then deficiencies should be identified and corrected. This
may require specific soft tissue manipulation (flexibility,
manual therapy) and activation of specific musculature
(strengthening exercises or muscle activation exercises).
Isolation for activation of specific musculature should be
accomplished prior to sports-specific movements for syn-
chrony. If not, the neuromuscular system will find a means
of compensation around the deficient components.

When looking at sports-specific motions, the range of
motion, the speed of movement, the muscles activated, and
how they are activated (concentrically, eccentrically, iso-
metrically) are all things that must be understood to cre-
ate an adequate conditioning program. As all movements
have an optimal biomechanical position, it is imperative to
achieve the best biomechanical efficiency, which eases stress
on tissues and improves functional qualities. It is impor-
tant to emphasize quality of effort and proper intensity to
gain optimum results from exercises in any conditioning
program.

ADAPTATION

All athletes develop physiological adaptations to their
given sports, some more drastically than others. Repeti-
tive stresses, which are all too common in baseball, may be
compromising tissues that are shortened and/or weakened
from environmental influences. An in-depth understand-
ing of interaction and adaptation from psychosocial, bio-
chemical, and biomechanical demands will allow proper

(c) 2015 Wolters Kluwer. All Rights Reserved.



program design. The balancing act of loading the tissue to
maximize the training response without overloading the
adaptive potentials must be constantly monitored.

Selye (22) offered the Specific Adaptation to Imposed
Demand (SAID) principle which describes the changes that
occur throughout the body in response to training or ath-
letic demands. Wilk (23) demonstrated that the baseball
player has a specific adaptation about the throwing shoul-
der. As different researchers have tried to determine the exact
cause of this adaptation (24-27), it is apparent that each ath-
lete adapts in a similar pattern dependent on their sport and
position within the sport. Although similar patterns of adap-
tation do occur, each player responds in their own unique
way. Evaluating each player will allow a path to preventative
exercise programs that have a more specific approach.

As adaptation may help the athlete to meet the demands
of the game and/or prevent injury, clinicians and sports
training professionals must be careful in selection of their
therapeutic interventions. A specific look at the overhead
throwing athlete shows adaptation occurring throughout
the kinetic chain. Scapular, torso, and hip adaptations all
appear to play a role in the athlete’s success from a per-
formance and well-being standpoint. As more distal adap-
tation may ultimately affect the shoulder or elbow, it is
necessary to look at all aspects of the body. Promoting a
healthy adaptation may require one or more of the follow-
ing: exercise, flexibility, recovery, soft tissue therapy, and
proper nutrition.

ASSESSMENT

The idea that connectivity exists between the shoulder
and the rest of the kinetic chain requires a look at proper
length tension relationships. This will in turn allow the
best chance for optimal baseball movement patterns. An
evaluation of the entire body is imperative as it may iden-
tify and help correct any problems prior to implementing a
conditioning program. A misguided program may actually
promote dysfunction or necessitate new adaptation pat-
terns, either of which could result in injury. The evaluation
should take into account overall gross movement dysfunc-
tion, postural abnormalities, mobility, bilateral symmetry,
joint and muscle function. This evaluation should give a
reasonable picture of a player’s current state of function and
direction for program design.

It is very common for overhead throwers to develop
muscular imbalances. They are often overlooked until the
player has an injury. A thorough postural (static, dynamic),
muscular tension, and functional movement evaluation
will help identify abnormalities, which will allow a correc-
tive exercise strategy that may offset any associated mus-
cular imbalances. The corrective exercise program should
strive to obtain optimal posture and alignment, which will
lend to functional efficiency.
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In the presence of poor posture, dysfunctional muscular
patterns may develop. These dysfunctions may be responses
to overuse, misuse, abuse, or disuse (28). A normal response
of muscle to any stress is to potentially increase tightness.
A chain reaction then occurs whereby the stressed muscles
tighten and their antagonists weaken, which creates altered
movement patterns (29). Many times these chain reactions
create predictable patterns of dysfunctions. Vladimir Janda
has described them as upper and lower crossed syndromes.
It should be noted that these syndromes may have detri-
mental effects on the shoulder of any thrower.

Sherrington’s law of reciprocal innervation indicates
that tight muscles act in an inhibitory fashion to their
antagonists (30). Therefore, it may be prudent to lengthen
the tightened muscles before strengthening the weakened
muscles.

In conclusion, it is important to evaluate all baseball
players for postural abnormalities, proper length tension
relationships, and proper muscular firing patterns. A pro-
gram to correct flexibility deficits, activate neuromuscular
isolation, and integrate exercises may then be developed for
each player dependent upon their individual needs.

Stahilization/Neuromuscular Control

Stabilization is a primary fundamental of injury preven-
tion and proper neuromuscular function. Stabilization is
the ability of the neuromuscular system to allow antago-
nist, agonist, synergist, stabilizers, and neutralizers to work
synergistically.

The shoulder girdle has very little static or ligamen-
tous stability. Therefore, the stability required is dynamic
and requires specific synergism of the neuromuscular sys-
tem. It is essential to understand the difference between
muscles that provide power for shoulder motion (deltoid,
latissimus dorsi, and pectoral muscles) and those that pro-
vide shoulder stability (subscapularis, infraspinatus, teres
minor, and supraspinatus) (31). Shoulder complex stabili-
zation is a critical element to the overall conditioning pro-
gram as improved stabilization/neuromuscular control and
reactivity will enhance performance and injury prevention
qualities.

Coordination or Skill Movements

Coordination or skill movements can show how well the
neuromuscular firing patterns are working. It also shows
motor unit recruitment for force production and timing of
movement qualities. In essence, a specific movement with
a specific force with the proper timing is the by-product
of properly executed skill movements. It is neuromuscu-
lar control and proprioception that allow these movements
to happen in the most efficient method. To improve all
physical conditioning components of the shoulder/scapu-
lar complex is very important but ultimately it is the skill
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movements that are required for success. It must be noted
that skill movements should be classified as an exercise in
and of their self. For example, a throwing or hitting pro-
gram must be considered an exercise. Skill movements are
normally practiced repetitiously for maximum biomechan-
ical efficiency. With this in mind the importance of the
skills coach is vital to the success of any baseball player.
A properly designed conditioning program must take into
account the volume, frequency, and intensity of skills train-
ing and implement the conditioning program around those
variables for best results.

Recovery

The most overlooked area of training may be recovery. As in
any sport it is not the amount of work the athlete does that
determines good health and improved performance, instead
it is the recovery that takes place between exercise and game
competition. The process of recovery, or more specifically
regeneration, is a complex biological reaction influenced by
both external and internal environments. Unfortunately,
presently there is a greater emphasis on stressing the body
than recovery. There are many methods that can be utilized
to promote recovery. Proper nutrition/hydration, hot/cold
hydrotherapies, sports massage, relaxation techniques, and
rest/sleep can be used to aid an athlete’s recovery (32). Plan-
ning recovery is a critical component to maximizing the
overall conditioning effect.

FUNDAMENTAL SKILLS (AGES 7-10)

The following drills and pointers will help young athletes
develop fundamentally sound baseball skills regardless of
position. For athletes of increasing age, more advanced and

specific drills will be discussed.

Catching Fly Balls

The player should have a good athletic stance with feet
shoulder width apart when he is under or in the flight of the
ball. This may be different for balls that are over the head
of or in front of the player which will require running to a
specific point to catch the fly ball. The player should have
his hands above waist level and thumbs pointing toward
each other (see Figure 8.1). The player should be instructed
to watch the ball until he feels the impact upon the glove.

Catching Ground Balls

The player should have a good athletic stance prior to rec-
ognizing the ground ball. Once he determines that it is a
ground ball he must make appropriate movement to get
within reach of the ball and preferably have the ball catch-
able between his feet as this is the only position that will be
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FIGURE 8-1.

Proper hand and glove pasition for catching fly balls.

discussed at this age level. The player must then lower his
glove with a combination of his hands dropping but more
importantly bending in his hips and secondarily his knees
(see Figure 8.2). This will create a good position to see the
ball until it impacts the glove. The player must keep his
chin in a somewhat tucked position with his throwing hand
positioned slightly above glove for a quick removal of the
ball prior to the throw.

Throwing with Follow-Through
and Balance

It is imperative that a player learns to follow through when
throwing a caught baseball. This will allow a decrease in the
stresses on the arm and allow for an accurate throw. The
player must go from the catching position (ground ball or
fly ball position) to a throwing position which means rotat-
ing the body 90° to the throwing arm side. In turn, this
will position the arm to move to an elevated position prior

to the throw. After release of the ball, the player should

FIGURE 8-2.
balls.

Proper hand and glove position for catching ground
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FIGURE 8-3.

Proper follow-through after throwing.

focus on flexing torso forward toward target; this will allow
deceleration of the arm which is critical for injury preven-
tion (see Figure 8.3).

Hitting with Balanced Stance and
Follow-Through

Hitting is another fundamental baseball skill. Although
there can be many different styles that are effective, there
are basic points that every hitter should be instructed on.
Starting with a balanced and athletic stance will allow
transfer of body weight and rotation of the torso which will
give the hitter a good biomechanical position to hit the ball.
In addition, the player should keep eye focus on the ball
until it reaches the bat which will create a head down posi-
tion. At the moment of ball/bat impact the player should be
shifting some of his body weight from his back leg to a firm
front leg. His back foot should pivot allowing for proper
hip turn and an efficient follow-through (see Figure 8.4).

Base Running with Leadoff and Sliding

Base running is often a fundamental that is undervalued as
a key fundamental to baseball as most focus is on hitting,
throwing, and catching. Base running, like all other base-
ball skills, can be very complicated depending upon what
base the runner is on and what the situation of the game is
and demands.

On any base, the runner should start in a good athletic
position with feet shoulder width apart, hips flexed, and
hands in front of waist. This position will allow an advance
to the next base or return to existing base. Thereafter, the
focus should be on proper running mechanics until the
player moves to next base or is required to slide into base
(see Figure 8.5). If sliding is indicated, then tucking one leg
under the upper thigh of the opposite leg is the best tech-
nique for efficient sliding and injury prevention. Sliding
with hands closed and not into the ground is recommended.
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FIGURE 8-4.

(A—C) Proper mechanics of hitting.

SPORTS SKILLS (AGES 11-15)

The sports skills build upon the movement patterns and
fundamentals already established in younger players. The
skills become more position specific and are only a few
examples of the many sports skills that are needed to play
baseball.
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FIGURE 8-5. (A, B) Proper base stealing mechanics.

Pitching from the Stretch

As most pitchers learn to pitch from the wind-up, it is
imperative to understand how to pitch out of the stretch to
compete in higher levels of baseball. When runners are on
base, this is the preferred method for holding base runners
close to the base and giving the defense a better opportunity
for getting the base runner out. Pitching from the stretch
requires the pitcher to have his back foot in contact with
rubber on mound; he starts with feet and hands apart while
determining which pitch he will throw. He then comes
to the set position with hand on the ball in the glove and
must stop prior to throwing the ball to home plate or to an
occupied base. When the pitcher determines he is going to
throw the ball to home plate, he should focus on proper
mechanics of throwing which would include using the legs,
torso, and upper extremities to deliver an accurate and
effective pitch. This should be complemented by a follow-
through to dissipate the forces generated from the accelera-
tion phase of throwing (see Figure 8.6).

Position-Specific Throwing

Each position requires unique throwing mechanics,
but all have a few commonalities. Using the legs and
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FIGURE 8-6.

(A—F) Proper pitching mechanics from the stretch.
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FIGURE 8-6.

(Continued)

torso to accelerate the upper extremity is a good general
rule—along with an efficient follow-through. Sometimes,
unique aspects of the catcher’s position may alter throw-
ing mechanics. Many times the catcher must throw the ball
very quickly from a fully squatted position as base runners
may be unpredictable; this combined with the catcher’s
protective equipment can inhibit an efficient throw.

Hitting to All Fields with Balance

Hitting the ball to all fields with balance takes advanced
hand-eye coordination. The swing is essentially the same
as previously discussed, but the hitter must decide where
to hit the ball dependent upon what type of pitch and
the location of the pitch. If the pitch is outside, then
the general rule would be to hit the ball toward the right
side of the field, whereas if the pitch is inside, the ball
may be “pulled” and hit to the left side of the field for
a right-handed hitter. Each swing must have balance,
weight shift, and follow-through, and only the location
of bat to ball contact changes. This can be done off of a
tee to begin with and progress to hitting off of a batting
practice thrower.

REFINED SKILLS (AGES 18 TO ELITE)
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Refined skills are a further advancement on the sports skills
and are done at a very high skill level. Many players become
limited by physical potential by the time they reach this
level and thus cannot efficiently improve these skills which
separates the average player from the elite or professional
player. Below are a few drills that can be done.

Hitting Balls to a Specific Area Based on
Where the Pitch Is

As a player becomes more skilled with hitting, they learn
to hit a specific pitch to a certain location on the field.
This skill is highly individual and very dependent upon
pitch location, game situation, and quick recognition/
reaction to ball speed. If the ball is thrown to the inner
side of the plate, the hitter will hit the ball to the left side
of the field given he is a right-handed hitter. If the ball is
thrown to the outside of the plate, the hitter will hit the
ball to the right side of the field given he is a right-handed
hitter (see Figure 8.7).

FIGURE 8-7.
the field.

(A-C) Hitting different pitches to different areas of
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FIGURE 8-7.

(Continued)

Mastering Off-Speed Pitches

A very critical skill for a pitcher to develop is how to throw
different types of pitches to deceive the hitter. Two of the
more common pitches are a changeup and a curveball. Both
have similar arm action and only differ in the grip on the
ball and speed. Not only are different pitch types important
to develop but the location of those pitches as they cross
the hitting zone is equally as important. Figure 8.8 shows
the common grips used to throw a changeup and curveball.
Mastering location requires a lot of repetition.

FUNCTIONAL EXERCISES

The following examples of functional exercises can be done
with the corresponding sports skills at various age levels.

Ages 11-15 (Beginner Level)

Sumo Squat

These should be done in an athletic position with the
player’s bottom as close to the ground as possible (see
Figure 8.9). This exercise focuses on hip strength and hip
motion during fielding.

Forward Lunge

The player should take one step forward and return to
standing (see Figure 8.10). This exercise focuses on leg, hip,
and core strength, and balance and control during fielding.

Lateral Lunge

The player should take a large step directly to the side while
keeping his landing heel in contact with the ground and
move his bottom as close to the ground as possible, then
return to standing (see Figure 8.11). This exercise focuses
on hip, groin, and leg strength as well as balance and con-
trol. These are also fundamentals of fielding.
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FIGURE 8-8. (A, B) Hand grip for a changeup and curveball.

FIGURE 8-9.

Sumo squat exercise.

Double Leg Glute Bridge

While lying face up, the player bends the knees and lifts the
bottom up from the ground so that the shoulder, hip, and
knee are collinear. This exercise focuses on glute and ham-
string strength as well as core stability and control.
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FIGURE 8-10.

FIGURE 8-11.

Forward lunge exercise.

(A, B) Lateral lunge exercise.
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FIGURE 8-12. (A, B) Double leg physioball hamstring curl exercise.

Stability Ball Hamstring Curl

Lying face up with shoulders and hips on the ground and
feet on the stability ball, lift the hips into the air and slowly
pull the ball toward the body and then return the ball to
the start position (see Figure 8.12). This exercise focuses
on hamstring and glute strength to help prevent strength
deficits that may lead to injury.

Plank Series

Begin facing floor on forearms and toes. Hold a neutral
spine for a predetermined duration. Face left and use single
elbow and stack both feet so only one is in contact with
the floor. After the predetermined duration, face the oppo-
site direction. Be sure to maintain a straight axis from head
through toes in all three positions (see Figure 8.13). These
exercises focus on lateral oblique control and strength. This
exercise is chosen for its attention to the front and side of
the core.

Upper Body Tubing: Single-Arm Row

Standing with tubing resistance securely anchored in front,
use one hand to pull the handle toward the body while
rotating away from the resistance (see Figure 8.14). Be sure
to encourage leg utilization. The focus of this exercise is to
integrate hip motion as well as hip/upper body/back and
arm strength.
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FIGURE 8-13.  (A—C) Front and lateral plank exercise.

Upper Body Tubing: Single-Arm Push

Standing with tubing resistance securely anchored to the
rear, use one hand to push the handle away from the body
while rotating away from the resistance (see Figure 8.15).
Be sure to encourage leg utilization. The focus of this exer-
cise is to integrate hip motion as well as hip/upper body/
chest and arm strength.

Bent-0ver Pull

Stand with feet shoulder width apart flexed to 90° at the hip
and the resistance anchored belt high and in front of the
exerciser. Use one or two hands to pull the elbow toward the
hip (see Figure 8.16). The focus of this exercise is to increase
arm and back strength and motion. This exercise also
strengthens the muscles partially responsible for bat speed.

Shoulder T&Ms (Figure 8.17)

e Ts: Standing with resistance securely anchored at
chest height, bring both arms with elbows straight
away from the resistance at shoulder height.

* Ms: From the same position, extend the shoulders
until they are even with the body. Hand position is
about 12" out to the side and away from the body.

FIGURE 8-14.

(A, B) Single-arm row exercise.

T

FIGURE 8-15.

(A, B) Single-arm push exercise.
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FIGURE 8-15. (Continued)

FIGURE 8-17.  (A-C) Shoulder/scapular tubing exercises.

The focus of this exercise group is to strengthen the
smaller muscle groups that are predominantly used
for throwing.

Ages 15-17 (Advanced Level)
Single-Leg Squat

Standing on one leg, the athlete should lower level/even
FIGURE 8-16. (A, B) Bent-over pull exercise. hips as deep as possible. Keep the uninvolved leg off the
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FIGURE 8-17.

(Continued)

ground. Be sure to keep the hip, knee, and foot collinear
and push up through the heel (see Figure 8.18). The focus
of this exercise is hip, leg, and ankle strength in addition to
balance and control.

Step-Up/Step-Down

Standing on a 12"-24" step, have the athlete step off and
lower the hips as deep as possible or until the foot touches
the ground. Be sure to keep the hip, knee, and foot collin-
ear and push down through the step with the heel. Eccen-
tric control of the knee and hip is essential to performing
this exercise properly (see Figure 8.19). Eccentric strength
is also essential in deceleration during running.

Weighted Lunge

The player may begin with a weighted vest/sandbag/dumb-
bell/barbell and should take one step forward and return
to standing. Variations include walking, lateral, reverse, or
multidirectional (see Figure 8.20). This exercise focuses on
leg, hip, and core strength, and balance and control. It is
important for proper form to be maintained while loading
a previously unloaded exercise.
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FIGURE 8-18.

(A, B) Single-leg squat exercise.

Lateral Skater Lunge
The player jumps at a 45° angle to the right while land-

ing in a controlled fashion on the right foot. Be sure the
knee does not rotate medially (twist in) upon foot strike
(see Figure 8.21). Be sure to alternate jump direction with
each jump (left then right). This exercise focuses on hip/
leg strength as well as lower extremity coordination and
efficiency.
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FIGURE 8-19. (A, B) Step-up and step-down exercise. FIGURE 8-21.  (A-D) Lateral skater lunge exercise.
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FIGURE 8-21. (Continued)

Inverted Pull-Up

From a secure handhold, have the athlete perform a pull-
up from a horizontal/face-up position. The feet may be
anchored manually or rested on a secure footing. Keep the
shoulder, hip, and ankle collinear (see Figure 8.22). This
exercise focuses on posture muscles as well as back and arm
strength. This exercise also strengthens the thomboid mus-
cles which are important for throwing.
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FIGURE 8-22.  Inverted pull-up exercise.

Push-Up with Plus

Have the hands comfortably placed shoulder width apart
with only toes and hands in contact with the ground. The
shoulder, hip, and ankle are collinear. Protract the scapu-
lae then lower the body to the ground and then return to
the protracted start position (see Figure 8.23). This exercise

FIGURE 8-23.

(A, B) Push-up with plus exercise.
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FIGURE 8-24.  Dead bug core exercise.

focuses on the chest, core, and serratus anterior. The “plus”
part of the motion is the most important as it isolates the
serratus anterior which is a very important scapular stabilizer.

Dead Bug March

From a properly inflated, “ribs down” position, instruct the
athlete to maintain oblique tension while alternating heel
touches. Add in contralateral hand as athlete progresses (see
Figure 8.24). This series of exercises focuses on the strength
and function of the abdominal muscles.

Shoulder Tubing

These five exercises target the rotator cuff and scapular

muscles.

1. “Y’s: Standing with resistance securely anchored at mid-
chest height (all exercises), bring the handles away from the
resistance over the head up into a Y shape (see Figure 8.25).

FIGURE 8-25.

Standing “Y" shoulder/scapular exercise.
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2. “I”s: Bring both arms with elbows straight away from

the resistance at shoulder height (see Figure 8.26).

3. “M”s: Extend the shoulders down until they are even

with the body. The hand position is about 12" out to the
sides away from the body (see Figure 8.27).

4. External rotation at 90° With shoulders abducted to

90°, also flex the elbow to 90° and externally rotate
against resistance (see Figure 8.28).

5. External rotation at 0° abduction: Place a bolster

between the upper arm and the thorax. With arm by
side flex the elbow to 90° and externally rotate against
resistance (see Figure 8.29).

FIGURE 8-26.

(A, B) Standing “T" shoulder/scapular exercise.
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FIGURE 8-27.  Standing “M" shoulder/scapular exercise.

Ages 18 and Up (Refined Level)
Loaded Step-Up

Step onto a 12"-24" step with a preferred load variation.
Be sure to keep the hip, knee, and foot collinear and push
up through the step with the heel. Be sure to alternate
step-up leg (see Figure 8.30). This exercise focuses on
hip, leg, and ankle strength as well as balance and con-
trol. The additional load, as long as it does not compro-
mise form, will help elicit muscle growth and strength
adaptations.

Romanian Dead Lift

Stand on a slightly bent leg (10°-20° of knee flexion).
Flex forward from the hip with the trail leg collinear to
hip and shoulder and reach for the ground foot with the
opposite hand (see Figure 8.31). This exercise focuses
on hamstring and glute strengthening while challenging
balance and coordination. This exercise simulates and
strengthens the deceleration demands of throwing in the
lower extremity.

FIGURE 8-28.

(A, B) Standing 90°/90° shoulder/scapular exercise.
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FIGURE 8-30. Weighted step-up with alternate leg lift exercise.

FIGURE 8-31.  Single-leg Romanian dead lift exercise.

Single-Arm Cable Pull-and-Push (Loaded)

Standing with chest high cable resistance in front (pull)

or behind (push), use one hand to pull/push the handle

toward/away from the body while rotating away from the

resistance (see Figure 8.32). Be sure to encourage leg utili-

zation. This loaded exercise focuses on hip motion as well
FIGURE 8-29. (A, B) Standing external rotation at 0° abduction as hip and upper body strength in an effort to stimulate
exercise. growth and strength gains.
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FIGURE 8-32.

(A-D) Weighted single-arm pull-and-push exercise.

Diagonal Bar Chop

In a standing lunge position, place the lead leg on the side
closest to the pulley. Use standing head height cable resis-
tance and pull down and across the front of the body until
the cable side arm is straight. Generate movement from the
abdominal area. Avoid torso rotation as much as possible
(see Figure 8.33). This series of exercises focuses on total
body integration and coordination and abdominal strength.

Dead Bug on a Foam Roll

Lying longitudinally on a foam roll in a “ribs down” posi-
tion, instruct the athlete to maintain oblique tension while
alternating heel touches. Add in contralateral hand as
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athlete progresses (see Figure 8.34). This series of exercises
helps maintain the fundamental strength and function of
the abdominal muscles.

Single-Leg Glute Bridge

While lying face up, the player bends the knees and lifts the
bottom up from the ground so that the shoulder, hip, and
knee are collinear. Once this position has been achieved,
the athlete brings one leg pointed to the ceiling and pro-
ceeds to lower and raise the hips, using the leg in contact
with the ground (see Figure 8.35. This exercise focuses on
glute and hamstring strength as well as core stability and
control.
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FIGURE 8-34.  Dead bug foam roll core exercise.

FIGURE 8-35.  Single-leg glute bridge exercise.

REFERENCES

1. Yen KL, Metzl JD. Sports-specific concerns in the young
athlete: Baseball. Pediatr Emerg Care 2000;16(3):215-220.

2. Taylor DC, Krasinski KL. Adolescent shoulder injuries: con-
sensus and controversies. ] Bone Joint Surg Am 2009;91:
462-473.

3. Collins CL, Comstock RD. Epidemiological features of high
school baseball injuries in the United States, 2005 through
2007. Pediatrics 2008;121:1181-1187.

4. Lyman S, Fleisig GS, Waterbor JW, et al. Longitudinal study
of elbow and shoulder pain in youth pitchers. Med Sci Sports

FIGURE 8-33. (A, B) Diagonal bar chop exercise. Exerc 2001;33(11):1803-1810.

(c) 2015 Wolters Kluwer. All Rights Reserved.



134

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Klingele KE, Kocher MS. Litte league elbow: valgus

overload injury in the paediatric athlete. Sports Med
2002;32(15):1005-1015.

. Hang DW, Chao CM, Hang YS. A clinical and roentgeno-

graphic study of Little League elbow. Am ] Sports Med
2004;32(1):79-84.

. Lyman S, Fleisig GS, Andrews JR, Osinski ED. Effect of pitch

type, pitch count, and pitching mechanics on risk of elbow
and shoulder pain in youth baseball pitchers. Am ] Sports
Med 2002;30(4):463-468.

. Mullaney MJ, McHugh MP, Donofrio TM, Nicholas SJ.

Upper and lower extremity muscle fatigue after a baseball
pitching performance. Am J Sports Med 2005;33:108-113.

. Pappas AM. Elbow problems associated with baseball dur-

ing childhood and adolescence. Clinical Orthop Relat Res
1982;164:30—41.

Petty DH, Andrews JR, Fleisig GS, Cain EL. Ulnar collateral
ligament reconstruction in high school baseball players. Am J
Sports Med 2004;32(5):1158-1164.

Fleisig GS, Shouchen D, Kingsley D. Biomechanics of the
shoulder during sports. In: Wilk KE, Reinold MM, Andrews
JR, eds. The Athlete’s Shoulder. Philadelphia, PA: Churchill
Livingstone Elsevier; 2009:365-384.

Ellis S. The Complete Pitcher Web Site. http://www.the
completepitcher.com

House T. Pitching Mechanics (video). Dallas, TX: Robert
Steinfield Productions; 1989.

Johnson R, Rosenthal J, Ryan N. Randy Johnson’s Power
Pitching: The Big Unit’s Secrets to Domination, Intimida-
tion, and Winning. New York, NY: Three Rivers Press; 2003.
Ryan N, House T, Rosenthal J. Nolan Ryan’s Pitcher’s Bible:
The Ultimate Guide to Power, Precision, and Long-Term
Performance. New York, NY: Simon & Schuster; 1991.
Davis JT, Limpisvasti O, Fluhme D, et al. The effect of
pitching biomechanics on the upper extremity in youth and
adolescent baseball pitchers. Am J Sports Med 2009;37(8):
1484-1491.

Kebaetse M, McClure P, Pratt N. Thoracic position effect on
shoulder range of motion, strength, and three-dimensional
scapular kinetics. Arch Phys Med Rehabil 1999;80(8):945-950.
Alexander CM, Harrison PJ. Reflex connections from fore-
arm and hand afferents to shoulder girdle muscles in humans.
Exp Brain Res 2003;148:277-282.

PART 2 | SPORT-SPECIFIC TRAINING CONSIDERATIONS

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kibler WB, Sciascia A, Dome D. Evaluation of apparent and
absolute supraspinatus strength in patients with shoulder
injury using the scapular retraction test. Am J Sports Med
2006;34(10):1643-1647.

Ebaugh DD, McClure PW, Karduna AR. Scapulothoracic and
glenohumeral kinematics following an external rotation fatigue
protocol. ] Orthop Sports Phys Ther 2006;36(8):557-571.
Cools AM, Declercq GA, Cambier DC, Mahieu NN, Witv-
rouw EE. Trapezius activity and intramuscular balance during
isokinetic exercise in overhead athletes with impingement
symptoms. Scand ] Med Sci Sports 2007;17(1):25-33.

Selye H. The Stress of Life. New York, NY: McGraw Hill;
1956.

Wilk KE. Rehabilitation Guidelines for the Thrower with
Internal Impingement. Presentation, American Sports Medi-
cine Institute Injuries in Baseball Course, January 23, 2004.
Crockett HC, Gross LB, Wilk KE, et al. Osseous adaptation
and range of motion at the gleno-humeral joint in profes-
sional baseball pitchers. Am J Sports Med 2002;30(1):20-26.
Reagan KM, Meister K, Horodyski MB, et al. Humeral
retroversion and its relationship to gleno-humeral rotation
in the shoulder of college baseball players. Am J Sports Med
2002;30(3):354-360.

Osbahr DC, Cannon DL, Speer KP. Retroversion of the
humerus in the throwing shoulder of college baseball pitchers.
Am ] Sports Med 2002;30(3):347-353.

Borsa PA, Wilk KE, Jacobson JA, Scribek JS, Reinold MM.
Correlation of range of motion & glenohumeral transla-
tion in professional baseball pitchers. Am ] Sports Med
2005;33:1392-1399.

Chaitow L. Muscle Energy Techniques. 2nd ed. Edinburgh:
Churchill Livingstone; 2001.

Janda V. Muscles central nervous regulation and back
problems. In: Korr I, ed. Neurobiological Mechanisms in
Manipulative Therapy. New York, NY: Plenum Press; 1978.
Chaitow L, Delany JW. Clinical Application of Neuro-
muscular Techniques. Vol 1: The Upper Body. Edinburgh:
Churchill Livingstone; 2001.

Hammer WI. Functional Soft Tissue Examination and
Treatment by Manual Methods: New Perspectives. 2nd ed.
Gaithersburg, MD: Aspen Publishers; 1999.

Calder A. Recovery: restoration and regeneration as essential
components within training programs. Excel 1990;6(3):15-19.

(c) 2015 Wolters Kluwer. All Rights Reserved.



Basketball

“Moving without the ball” is a key to success in basketball.
Players tend to dedicate the majority of their practice time
to improving their skills with the ball (i.e., shooting and
ball handling). A comparatively smaller amount of time
is spent on fundamental movement skills (FMS) without
the ball, such as jumping, sliding, running, and cross-
over step. Just like shooting skills, FMS improve when
a movement-specific training program is implemented.
This program consists of a series of specifically designed
exercises to improve each movement skill. Ultimately, the
goal of the program is to develop players’ ability to sustain
efficient and powerful movement patterns that minimize
the risks of injuries and improve performance. The aim
of this chapter is to assist rehabilitation and performance
professionals in developing a movement-specific training
program for players’ success.

FUNDAMENTAL MOVEMENT SKILLS
IN BASKETBALL

These skills are common to many sports, but basketball
places unique demands on each of them.

Jumping

Basketball players perform a variety of jumps frequently
during the game as part of other skills such as a jump shot,
rebounding the ball, and blocking a shot. In a study of Aus-
tralian professional basketball games, players jumped an
average of 46 times during approximately 36 minutes of live
time (the time the ball was in play), and jumping was con-
sidered a high-intensity activity in the game (1). Jumping
skill training includes both jumping and landing. Mastery of
landing skills is the initial priority, because some have sug-
gested that many acute injuries occur during sudden decel-
eration motions such as landing (2,3). Proper landing skills,
therefore, reduce the risk of lower extremity injuries (4-7).

Sliding

Sliding (also known as “cutting” and “shuffling”) is often
overlooked but is one of the most frequently used skills in
basketball. In a study, players spent 31% of live time slid-
ing (shuffling), of which 20% was high-intensity sliding

himokochi

movements (1). Sliding is a primarily lateral movement skill
combined with a crossover step. A few steps of explosive
sliding seem to be a key in defense for cutting off the dribble
drive and staying in front of opponents with the ball. The
frequency of sliding in the game should be reflected in the
time allocated for sliding skills in the program.

Acceleration and maneuverability (e.g., agility and decel-
eration) are central to running in basketball. The duration
of continuous running is short in the game. A study found
that the average duration of high-intensity running during
basketball games is 1.7 seconds, and only 27% of all high-
intensity running lasts longer than 2 seconds (1). Powerful
acceleration should be the focus of running skill training
because players do not have time to build their running
speed in such short spurts and are unlikely to achieve maxi-
mum running speed. Maneuverability is a player’s ability to
run tight turns and curves efficiently without losing speed.
Players often run nonlinear paths through congested areas,
and that should be factored into designing a running skill
training program.

Crossover Step

A crossover step occurs when the base leg swings and the
lead leg pushes off. An offensive player performs this when
performing a crossover dribble during an attempt to break
free from a defender. In players without possession of the
ball, the crossover step is primarily used as (1) a lateral
movement skill together with sliding and (2) a transitional
movement from sliding to running. Considering the frequent
use of sliding and the frequent changes in movement catego-
ries in the game (every 2 seconds on average (1)), the crossover

step should be included as a fundamental skill in basketball.

PROGRESSION FOR A MOVEMENT-
SPECIFIC TRAINING PROGRAM

Correction of Faulty Movement Patterns

Correcting faulty movement patterns (FMPs) is a key-
stone of the program and has to be addressed first and
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monitored continuously through the program. Common
FMPs occur when players’ body segments are improperly
aligned (Figure 9.1) and joint motions follow improper
sequences (Figure 9.2). The FMP may cause microtrauma
to musculoskeletal tissues and eventually result in muscu-
loskeletal pain syndrome (8,9). If players continue to train
and play with the uncorrected FMP, they increase their risk
of developing musculoskeletal pain. Therefore, correction
is the priority.

Monitoring FMP is useful in guiding exercise pro-
gressions. These patterns often manifest as the demand
(i.e., speed, load, repetitions, and complexity) of exercise
increases. Therefore, exercise progression should be dictated
by a player’s ability to control movement of the body. If a
player is performing an exercise poorly, the exercise should
be adjusted accordingly. To maximize the effects of train-
ing, exercises should not be too challenging or too easy.

Development of Movement-Specific
Endurance and Power

Considering the nature of the game, in which accelerations
and decelerations are frequently repeated, power develop-
ment is essential. Players also need endurance to generate
high power output at the end of the game. Endurance is
important for reducing the risk of injury because fatigue
has been shown to affect lower extremity mechanics in
sports-specific activities in both men and women (10-13),
and these changes in mechanics have been suggested to
increase the risk of injury (14). Exercise parameters such as
resistance, sets, repetitions, tempo, and recovery time may
be manipulated to gear the program toward movement-
specific endurance and power development.

Integrated Movement Drills

The last focus of the program is to improve players” overall
ability to move using integrated movement drills. The drills
consist of a series of FMS to simulate common movement
sequences in the game. Starting with simple and planned
activities, the drills are progressed to complex and reac-
tive activities that simulate and sometimes go beyond the
demands of a basketball game.

EXERCISE PROGRESSIONS FOR
FUNDAMENTAL MOVEMENT SKILLS

Squat Exercise

Mechanics of Squat Exercise

Squats are preparatory exercises for FMS. They involve
triple flexion and extension of the legs that require (a) suf-
ficient range of motion (ROM) of the ankle, knee, and
hip joints; (b) sufficient lower extremity muscle function
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FIGURE 9-1. (A) Excessive spinal flexion and forward head posi-
tion during double leg squat. The proximal segments (i.e., head, spine,
scapulae, and pelvis) should be aligned neutral. (B) Femoral adduction
and internal rotation and foot abduction in the left leg. The femur and
foot should be aligned so that the knee and foot are pointing in the
same direction.
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FIGURE 9-2.  (A-F) Hamstring dominance in step-up. Dominant hamstring is causing the knee to extend early relative to hip extension, which
results in backward movement of the knee (A-B-C-D). An optimal sequence is shown in A-E-F-D.
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(i.e., endurance, strength, and power) to generate force for
explosive movement and control of joint motions against
given loads; (c) optimal motor control to maintain align-
ment of the joints and sequentially flex and extend them
without FMP; (d) sufficient proximal stability to maintain
neutral alignment or minimize unnecessary movements of
the proximal segments; and (e) sufficient distal stability to
maintain proper foot contact with the floor. These require-
ments are interrelated, and insufficiency in any of them
may result in FMP.

Range of Motion

A player should be able to squat until the thighs are par-
allel to the floor. This provides a foundation for a player
to perform the FMS comfortably without FMP. Limited
ankle dorsiflexion and hip flexion ROM is a common
finding and may be addressed individually (Figures 9.3
and 9.4) and through various squat exercises (Figures 9.5
and 9.6). The active loading exercises force active flexion
of the hip(s) (see Figure 9.4) and legs (see Figure 9.5) by
applying relatively large resistance against the flexion pat-
terns. The goblet squat (see Figure 9.6) is very useful to
improve squat mechanics for basketball players who tend

to have long thighs.

Muscle Function

To sustain explosive and efficient movements, players must
improve muscle function (i.e., endurance, strength, and
power) to control joint movement through the available

ROM without FMP.

Motor Control

Motor control is the capacity of the body to coordinate
joint movement. FMPs are signs of suboptimal motor
control. Players often acquire FMP from posture and
movement habits in daily activities. With repetition,
FMPs affect joint ROM and muscle function, which fur-
ther facilitates the patterns, resulting in a vicious cycle
and possibly pain and injury. FMP may be corrected
with appropriate exercise prescription, feedback, and cue-
ing with repetition (which is also how a player acquires
faulty patterns). When limited ROM or muscle function
contributes in tandem, they may be addressed individu-
ally along with correcting movement patterns to facilitate
the process. For example, if ankle dorsiflexion is limited
owing to a lack of joint mobility, forcing the dorsiflex-
ion through exercises may be ineffective without mobi-
lizing the ankle joint to create adequate joint mobility.
At the same time, addressing limited ROM and muscle
function alone may be ineffective without directly cor-
recting movement patterns. A player may not use the
improved ROM and muscle function if the movement
patterns remain faulty. Rehabilitation and performance
professionals should apply clinical reasoning to determine
the causes of the FMP and plan effective management
strategies.

PART 2 | SPORT-SPECIFIC TRAINING CONSIDERATIONS

FIGURE 9-3.

are aligned.

(A and B) Wall ankle dorsiflexion. The thigh and foot
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FIGURE 9-5. Double leg squat—active loading. Actively squatting
down against cable resistance. Relatively large resistance is applied to
facilitate active flexion of the ankles, knees, and hips.

FIGURE 9-4. Deadlift—active loading to improve hip flexion range
of motion. The resistance forces a player to flex the hip joints with
active flexion of hip, rather falling into the hip flexion. The proximal seg-
ments are in neutral alignment. (A) Press down. Pressing the bar down
against cable resistance toward ankles. (B) Press back. Stretching the FIGURE9-6. Goblet squat. The elbows are kept between the knees
elastic band by shifting the pelvis backward. to facilitate the foot—thigh alignment.
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TABLE9.1  Traditional Internal vs. Modern
External Cues
Internal External

“Tuck the chin” “Look at a spot on the ground

6 feet in front of you”
“Widen your shoulders”
“Extend the legs”

“Get tall with proud chest”
“Push off the floor”

Proximal Stability

Preliminary study found a proximal stability (“stiffer
torso”) as a predictor of future performance in college bas-
ketball players (15). Proximal stability refers to the com-
petency of a player to maintain neutral alignhment of the
proximal segments (i.e., head, spine, scapulae, and pelvis).
The neutral alignment may be achieved by appropriate
cueing (Table 9.1). (External cues (focus on the movement
effect on the environment) are more effective in learning
motor skills compared to internal cues (focus on body
movements) (16,17).) Movements of the extremities and of
the body center of mass (COM) place stability demands on
the proximal segments, which increase as speed and com-
plexity increase. In basketball, players repeat accelerations
and decelerations often, which mean that they frequently
experience large accelerations and decelerations of the body
COM and receive large amounts of ground reaction force
(GREF). Because the proximal segments constitute the larg-
est mass in the body, each player must have sufficient proxi-
mal stability not only to overcome inertial forces during
sudden deceleration and acceleration but also to establish a
stable foundation on which the extremities can move effi-
ciently and powerfully. For this reason careful monitoring
of foundational squat exercises is required.

Distal Stability

Distal stability refers to the competency of the foot and
ankle joints to control body COM and maintain proper
foot contact with the floor. A proper foot—floor interface
is also essential for efficient force exchanges (i.e., push-off
and GRF) between the body and the floor for effective
movement. Neuromuscular control of the foot and ankle
joints plays a crucial role in maintaining optimal distal sta-
bility (18). For example, if the body COM moves anteri-
orly, the ankle joint must produce plantar flexor moment,
shifting the center of pressure anteriorly beneath the foot.
Then, GREF rotates the body posteriorly to keep the body
COM within the foot (base of stance). The adjustments are
made reflexively, especially when the foot is making brief
contact with the ground during FMS. Single leg emphasis
exercises, such as single leg squat, are useful to improve
players’ awareness of distal stability and neuromuscular
control of the foot and ankle joints.
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Types of Squat Exercises
Double Leg Squat
The double leg squat (Figure 9.7) is suited for improving

ROM as well as learning basic triple flexion and extension
patterns.

FIGURE 9-7.  Double leg squat. (A) The head, knees, and toes are
aligned vertically. The thigh is parallel to the floor. The proximal seg-
ments are aligned to neutral and approximately parallel to the tibias.
(B) The thigh and foot are aligned.
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Split Squat

The split squat (Figure 9.8) is an exercise with single leg
(front leg) emphasis and increased lateral stability demands.
It is useful for improving sagittal plane hip mobilicy—the
front hip flexion and rear hip extension essential for running,
The direction of load may be changed to vary the focus.

FIGURE 9-8.
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Lateral Squat
The lateral squat (Figure 9.9) has a single leg emphasis

and is useful for improving push-off mechanics for sliding.
Resistance is applied laterally through a Rotational Train-
ing Strap (Physical Industries), which provides a better feel
for push-off in sliding to produce lateral displacement of

the body COM.
Rotational Squat

Rotational squat (Figure 9.10) exercise has a single leg
emphasis and places rotational demands on the lower
extremities.

Single Leg Squat

The single leg squat (Figure 9.11) is the most demanding
exercise among all squat exercises because it has the smallest
base of support and the largest stability and strength
demand. At the same time, it might be the most important
exercise because most movement skills are based on a single
leg support. Single leg box squat (Figure 9.12) is a good
alternative as a progression for single leg squat.

Common Faulty Movement Pattern in
Squat Exercises

Hamstring Dominance in Knee Extension during
Push-0ff (See Figure 9.2)

During the push-off, the knee extends early relative to the
extension of the hip, bringing the knee backward toward
the body instead of bringing the body up to the knee.
The hip remains in a slightly flexed position even after
knee extension is completed. Sahrmann (9) explained that
the hamstring muscles become dominant in the action of
knee extension owing to weakness in the quadriceps mus-
cles, resulting in this FMP. This pattern may be corrected
with deadlift (Figure 9.13) to facilitate early hip extension
and use of elastic band at the knee (Figure 9.14).

Split squat. (A) The tibia is vertical and parallel to the proximal segments. The rear hip is in neutral or slightly extended. (B)

The feet are aligned along a line that splits the sagittal plane. (C) Load is applied with a shoulder harness through cables to increase demands
on proximal stability and facilitate the use of the front leg for push-off to imitate first step mechanics.
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FIGURE 9-9. Lateral squat. The push-off leg is flexed as that for
the double leg squat (see Figure 9.7). Avoid shifting the spine over the
push-off leg to preserve optimal push-off angle for multidirectional
agility (see Sliding section).

Vertical Trunk and Excessive Ankle Dorsiflexion

The trunk remains in vertical alignment and the knees are
driven forward excessively. The ankle joint is driven into
extreme dorsiflexion (Figure 9.15). This movement pattern
may reduce the contribution of the hip extensors during
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push-off and consequently may increase stress on the knee
and ankle joints. Limited hip flexion ROM may facilitate
this movement pattern, preventing the hip from flexing.
The excessive forward movement of the knees may be cor-
rected by placing an object (e.g., a box) in front of the knee
(Figure 9.16). The deadlift (see Figure 9.13) and box squat
(Figures 9.12 and 9.17) are both effective to facilitate hip
flexion.

Excessive Lumbar Spine Flexion (See Figure 9.1A)

It may reduce the contribution of hip extensions during
push-off and increase the risk of lower back injuries. The
movement is usually due to insufficient proximal stability
or an inability of the hip joint to flex against a given load.
For example, a player may be able to maintain the neutral
alignment in a double leg squat but not in a single leg squat
owing to the increased load. The load may be adjusted to
accommodate a player’s capacity. Elastic tape may also be
applied over the lumbar spine for tactile feedback to facili-
tate players’ awareness (Figure 9.18).

Excessive Spinal Extension

The spine is excessively extended particularly at the neck.
This FMP is a sign of poor proximal stability and dysfunc-
tion of the deep neck flexors at cervical spine.

FIGURE 9-10.
remain neutral and are rotated toward the push-off (right) leg (A and B). This anti-rotation maneuver minimizes spine twisting. During push-off with
the right leg (C), a “relative” right hip external rotation occurs. Simultaneously, the opposite hip internally rotates and the proximal segments rotate
away from the push-off foot.

Rotational squat. The Rotational Training Strap is wrapped around the torso to apply rotational load. The proximal segments
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FIGURE 9-11.
adducted and the ankle is in eversion so that the spine is aligned over
the push-off foot.

Single leg squat. The push-off hip is slightly

Femoral Adduction and Internal Rotation

The femurs are adducted and internally rotated, resulting
in valgus angles in the knees (see Figure 9.1B). Research
suggests femoral adduction and internal rotation may
increase the risk of knee injury (19). Limited ankle dor-
siflexion ROM is a common cause of foot abduction.
Goblet squat (see Figure 9.6) and the use of elastic band
around the knees (Figure 9.19) are reactive exercises to
correct this. The medial aspect of the foot (i.e., ball of
foot) should stay in contact with the floor to maintain

distal stability.

Lateral Weight Shift

A common mistake when correcting medial collapse of
the knee (see Figure 9.1B) is to shift weight to the lateral
aspect of the foot. Limited ankle eversion ROM may be
related to this. Use of elastic band between the ball of foot
and floor is effective to prevent lateral weight shift (see

Figure 9.19).

FIGURE 9-12.  Single leg box squat. Box height is adjusted so that
the thigh is parallel when seated.

Lateral Trunk Tilt

The trunk s tilted (Figure 9.20) toward the weight-bearing leg.
Weakness of hip abductors in the weight-bearing leg may be
associated with the lateral trunk dlt that is suggested to increase
the risk of knee injury in female athletes (19). The use of elastic
band to facilitate normal alignment is effective (Figure 9.21).

Exercise Progression in Squat Exercises

Squats may be progres